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A B S T R A C T

Background: The risk factors related to suicidal behaviors are complex and not yet fully known. Several studies
underline how suicide results from the combination of psycho-social, biological, cultural, and environmental
factors. The aim of this study was to investigate the potential role of seasonality and photoperiod on high-
lethality suicide attempts (HLSA) compared with low-lethality suicide attempts (LLSA) in a sample of psychiatric
inpatients.
Methods: After attempting suicide, subjects were admitted in the emergency/psychiatric ward of the IRCCS
Ospedale Policlinico San Martino from 1st August 2013 to 31st July 2018. Socio-demographic and clinical
characteristics were collected.
Results: The sample consisted of four hundred thirty-two individuals admitted for suicide attempt. One hundred
thirty-three subjects (30.8%) of the sample committed a HLSA. The HLSA group peaked in the months with a
higher sunlight exposure (June and July). Bivariate correlation analyses between seasonality/photoperiod in the
whole sample and HLSA were positively associated with summer and highest solar intensity period.
Limitations: Data were limited to a single hospital, patients’ seasonal environment, meteorological variables and
psychological factors. In addition, the presence of acute life-events fostering the suicidal crisis has not been
investigated.
Conclusions: The current study provides a novel perspective on the questions surrounding the impact of sea-
sonality and daylight exposure on lethality of suicide attempts. further studies are needed to provide deeper
understandings on the delicate molecular network that links suicide behaviors, seasonality and daylight in order
to develop more effective prevention and treatment strategies in the future.

1. Introduction

Suicide and all related behaviors are a serious social and health
problem worldwide. The World Health Organization (WHO) reported
that approximately 800.000 people died by suicide worldwide in 2016,
and that the number of people attempting suicide each year is even
higher. Suicide was the second leading cause of death among 15–29
year old people in 2016 with an annual global age-standardized suicide
rate of 10.5 per 100.000 population (World Health Statistics, 2017).

The etiology and risk factors related to suicidal behaviors are
complex and not yet fully known. Several studies underline how suicide

results from the combination of psycho-social, biological, cultural, and
environmental factors (Christodoulou et al., 2012; Rumble et al., 2018).
Psychosocial factors include life event stressors such as family violence,
sexual or substances abuse, parental separation, loneliness and hope-
lessness, traumatic life events, social isolation or discrimination among
specific at risk sub-populations (Bando et al., 2017; World Health
Statistics, 2017; Ásgeirsdóttir et al., 2018; Lee et al., 2018; O'Neill et al.,
2018; Veisani et al., 2018). Moreover, different biological risk factors
for suicidal behaviors have been identified, such as mental illnesses (in
particular bipolar disorder and borderline personality disorder), in-
voluntary admissions, altered metabolic parameters, increased
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inflammatory markers, cyclothymic temperament, altered neuro-
transmission involving serotonin and dopamine dysfunctions (Hawton
and van Heeringen, 2009; Costa et al., 2015; DeShong et al., 2015;
Aguglia et al., 2016; Pompili et al., 2017; Serafini et al., 2017; Batty
et al., 2018; Daray et al., 2018; Fond et al., 2018; Kuo et al., 2018; Peng
et al., 2018).

However, suicidal behaviors are not completely explained by the
complex network of these phenomena and epidemiological studies have
been carried out in order to shed further light on these dynamics. For
instance, the study of geographical variations in suicide rates suggested
additional explanatory variables (Sun et al., 2011; Woo et al., 2012)
and significant associations between seasonality and both completed
and suicide attempts have been reported (Hakko et al., 1998; Ajdacic-
Gross et al., 2010; Christodoulou et al., 2012; White et al., 2015;
Aguglia et al., 2016; Canner et al., 2018; Akkaya-Kalayci et al., 2017;
Sawa et al., 2017; Dixon and Kalkstein, 2018; Hofstra et al., 2018;
Rumble et al., 2018). In particular, Coimbra et al., (2016) confirmed the
significant role of seasonality on suicide attempts and
Galvão et al. (2018) showed that completed suicides occurred more
frequently in spring and early summer in their survey on 2.146.418
completed suicides. However, mechanisms underlying the link between
seasonality of suicidal behaviors are still unclear and need further in-
vestigation.

Therefore, recent studies focused on the possible role of other en-
vironmental factors involved in suicidal behaviors such as air pollution,
photoperiod, daylight exposure and meteorological variables, with
controversial results (Donagay et al., 2003; Toro et al., 2009; White
et al., 2015; Makris et al., 2016; Akkaya-Kalayci et al., 2017; Casas
et al., 2017; Jee et al., 2017; Min and Min, 2018; Seregi et al., 2017;
Dixon and Kalkstein, 2018; Gao et al., 2019). In a vast clinical study
investigating the relationship between suicide rates and economic and
climate variables carried out in twenty-nine European countries, the
authors reported that the climatic effect (cold climate) predicted sui-
cides more strongly than economic variables. Furthermore, the authors
showed that in Europe suicidality followed the climate/temperature
cline which was from south to north-east (Fountoulakis et al., 2016a).
Furthermore, several clinical studies indicated that suicide rate is also
correlated to increased ambient temperature (Doganay et al., 2003;
Toro et al., 2009; Likhvar et al., 2011; Grjibovski et al., 2013; Helama
et al., 2013; Holopainen et al., 2014; Qi et al., 2014; Akkaya-Kalayci
et al., 2017; Bando et al., 2017; Carleton, 2017; Dixon and Kalkstein,
2018; Gao et al., 2019). In fact, studies on the association between
temperature and suicide showed that 26.6%−60% of variation in sui-
cides could be explained by temperature variations (Helama et al.,
2013; Ishii et al., 2013; Fountoulakis et al., 2016b), but not with sun-
light exposure, especially for completed suicide (Gao et al., 2019).

Moreover, evidence showed significant associations between hours
of sunshine and completed suicide carried out through violent methods
(Linkowski et al., 1992; Maes et al., 1993; Preti and Miotto, 1998; Wu
et al., 2009; Vyssoki et al., 2012; Vyssoki et al., 2014; Ludwig and
Dwivedi, 2018). These studies confirmed the hypothesis of higher
lethality of suicidal behaviors during spring/summer, higher daylight
exposure or exposure associated with increased ambient temperature.
However, few studies investigated the relationship between seasonality
and lethality of the suicidal attempts. Lin et al. (2008) showed that
violent suicides are more likely to be influenced by seasonal factors,
with significant peaks in March–May (early to late spring), than non-
violent suicides. These findings were not confirmed by
Veisani et al. (2017) who reported seasonal trends in spring and au-
tumn of suicides by violent methods and spring and summer for what
concerns non-violent suicides.

However, to the best of our knowledge, the possible influence of
photoperiod and seasonality on the lethality of suicide attempts has not
been investigated yet. Therefore, in this study we investigated (a) the
potential role of seasonality on the lethality of suicide attempts in
psychiatric inpatients; (b) the potential role of the photoperiod on high-

lethality suicide attempts (cases) compared with low-lethality suicide
attempts (controls) in a sample of psychiatric inpatients.

2. Materials and methods

2.1. Sample

Subjects were recruited at the Section of Psychiatry, Department of
Neuroscience, Rehabilitation, Ophthalmology, Genetics, Maternal and
Child Health (DINOGMI), IRCCS Ospedale Policlinico San Martino,
University of Genoa (Italy). Participants were recruited in our in-
patients service from 1st August 2013 to 31st July 2018. Subjects were
considered for the study if their psychopathological conditions were
deemed clinically stable as assessed by the two senior researchers, GS
and MA.

Silverman's operative definition of “suicide attempt” has been used
in this study, i.e. a kind of suicide—related behavior, classified as a
suicidal act and characterized by self-inflicted, potentially injurious
behavior with non-fatal outcome for which there is evidence—either
explicit or implicit—of intent to die (Silverman et al., 2007). Moreover,
our definition involves the presence of a lethal intent that can be of
varying intensity but has to be present in the decision to carry out the
suicidal act (Pompili et al., 2015).

Inclusion criteria were: (a) hospitalization in our emergency psy-
chiatric ward for a suicide attempt; (b) aged more than 18 years old; (c)
acceptance to participate in the study by signing a written informed
consent after the aims of the study and study procedures were explained
thoroughly. Exclusion criteria were: (a) pregnancy or having just given
birth; (b) having a positive history of acute neurological injury, such as
neurodegenerative illnesses, mental retardation, loss of consciousness
related to the presence of severe neurological conditions; (c) the refusal
or inability to provide a valid consent prior to participate in the study.

The study design was conducted in accordance with the guidelines
provided in the current version of the Declaration of Helsinki. The study
design was reviewed and approved by the local Ethical Review Board.

2.2. Assessments and procedures

Psychiatric diagnoses were formulated according to Diagnostic and
Statistical Manual of Mental Disorders, fifth edition (DSM-5)
(American Psychiatric Association, 2013) and the subjects were divided
into four diagnostic groups: schizophrenia-related disorders (referred to
hereinafter as schizophrenia), bipolar and related disorders, depressive
disorders and others (included personality disorders and substance-re-
lated disorders) according to previous studies (Aguglia et al., 2017,
2018). Clinical evaluations were carried out by expert clinicians and
were carefully reviewed by a senior psychiatrist (with more than ten
years of clinical experience in inpatients clinical setting). If patients had
more than one diagnosis, the principal diagnosis was recorded.

Socio-demographic and clinical aspects of the subjects were in-
vestigated through the standardized clinical chart and lifetime com-
puterized medical record used in our Psychiatric Unit. Age, gender,
marital and occupational status, education level, previous suicide at-
tempts, suicide method and pharmacological treatment at the moment
of admission were recorded. All available information have been cross-
referred. Furthermore, we considered month and season upon ad-
mittance in the psychiatric ward (i.e., Autumn from 21st September to
20th December, Winter from 21st December to 20th March, Spring
from 21st March to 20th June, Summer from 21st June to 20th
September). Hospitalization period was divided according to the sun-
light exposure in spring–summer (s–s) (highest solar intensity period)
and autumn–winter (a–w) (lowest solar intensity period), according to
existing literature (Aguglia et al., 2017, 2018), defining “photoperiod”
as the number of hours of day light and considering it as able to in-
fluence the individual's physiology and metabolic cycles.

In the wake of Schrijvers et al. (2012)’s conceptualization, we
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considered suicide as the final step of a multilayered process starting
with suicidal ideation that progresses into planning and continues with
the enacting of suicidal thoughts and plans by attempting suicide that
may end up in completed suicides.

In the present study, we used Shneidman's (1996) and
Joiner's (2007) definitions of lethality and divided our sample of suicide
attempts into two groups according to the level of lethality:

(a) “high-lethality suicide attempt” (HLSA) for attempts that needed
hospitalization for at least 24 h and either treatment in a specialized
unit (including intensive care unit, hyperbaric unit, or burn unit),
surgery under general anesthesia, or extensive medical treatment
(beyond gastric lavage, activated charcoal, or routine neurological
observations), including antidotes for drug overdoses, telemetry, or
repeated tests or investigations;

(b) “low-lethality suicide attempts” (LLSA) that were attempts that did
not meet these criteria (Beautrais, 2001; Miller et al., 2004; Chen
et al., 2009; Horesh et al., 2012; Huang et al., 2014; Lee et al., 2014;
Trakhtenbrot et al., 2016; Gvion and Levi-Belz, 2018).

HLSA (cases) were compared with LLSA (controls) in the second
part of our analysis in order to better evaluate the differences between
these groups.

2.3. Statistical analysis

Socio-demographic and clinical data were considered as mean and
standard deviation (SD) for continuous variables and frequency and
percentage regarding categorical variables. Kolmogorov-Smirnov test
was used to confirm that the investigated variables had a normal dis-
tribution.

In order to analyze differences between cases and controls (HLSA vs
LLSA), we used the Pearson χ2 test with Yates correction for the com-
parison of categorical variables, and the t-test for independent samples
for continuous variables. Comparative analyses on number of admis-
sions were adjusted for age and gender. Furthermore, bivariate analyses
were conducted.

All statistical analyses were performed using SPSS version 22.0 (IBM
Corp., Armonk, NY, USA) with statistical significance set at p < .05.

3. Results

Four hundred forty-seven (N=447) subjects meeting our inclusion
criteria were hospitalized after a suicide attempt in the study time-
frame. Eleven subjects refused to take part in the survey and four
subjects were not admitted to the psychiatric unit because of major
physical comorbidities, e.g. cancers and advanced sarcoidosis. A final
sample of 432 subjects was represented by formed, with a mean age of
49.1 (± 20.2). 77.1% of the sample was represented by females,
45.2% were single (of which 32% divorced and 68% never married),
and 28% were employed at the time of enrollment. 32.9% of the sample
had bipolar disorder, 8.6% schizophrenia and 33.8% major depressive
disorder. Most of the subjects were taking poly-pharmacological treat-
ments (N=377, 87.3%) (Table 1).

One hundred thirty-three subjects (N=133, 30.8%) of the sample
committed a HLSA and two hundred ninety nine (N=299, 69.2%)
were in the LLSA group. The HLSA group peaked in the months with a
higher sunlight exposure [Fig. 1]. Major differences between HLSA and
LLSA were reported in June (18.0% vs 6.0%, respectively) and July
(14.3% vs 5.7%, respectively) [Table 2].

Bivariate correlation analyses between seasonality/photoperiod in
the whole sample and HLSA were positively associated with summer
(r=0.143; p= .003) and highest solar intensity period (r=0.204;
p < .001). Moreover, HLSA was negatively associated with autumn
(r=−0.096; p= .046) and winter (r=−0.151; p= .002) [Table 3].

4. Discussion

Our study shows that suicide attempts carried out in summer, when
there is the highest solar intensity, were more likely to be highly lethal
compared with those carried out in other periods of the year. June and
July were the months in which highly lethal suicide attempts peaked
when compared with low-lethality suicide attempts. Moreover, suicide
attempts carried out in autumn were less likely to be highly lethal than
in other photoperiods and seasons. Our sample showed a prevalence of
major affective disorders and this may partly explain the particular
trend in the lethality of suicide attempts that we reported because of the
complex influence of daylight, circadian rhythms and seasons on af-
fective disorders and suicide attempts. This is consistent with previous
studies reporting more season- and circadian- related fluctuations of
suicide rates among patients with mood disorders, in comparison to

Table 1
Socio-demographic and clinical characteristics of the sample included.

Suicide attempts (N=432)

Gender (female), N (%) 333 (77.1)
Age (years), mean ± SD 49.1 ± 20.2
Education level, mean ± SD 11.2 ± 3.3
Marital status, N (%)
Single 195 (45.2)
Married 93 (21.5)
Divorced 98 (22.7)
Widowed 46 (10.6)

Working status, N (%) Yes 121 (28.0)
Diagnosis, N (%)
Bipolar and related disorders 142 (32.9)
Schizophrenia and related disorders 37 (8.6)
Depressive disorders 146 (33.8)
Others 107 (24.8)

Pharmacological treatment, N (%)
Antipsychotics 252 (58.3)
Mood stabilizers 303 (70.1)
Antidepressants 165 (38.2)
Others 108 (25.0)
None 55 (12.7)

Type of suicide attempt, N (%)
Drug intoxication 284 (65.7)
Defenestration 40 (9.3)
Drowning 1 (0.2)
Weapon 2 (0.3)
Stabbing 9 (2.1)
Burn/Gas/Caustic 26 (6.0)
Strangling 11 (2.5)
Cuts 59 (13.7)

Lethality of suicide attempts
High lethality 133 (30.8)
Low lethality 299 (69.2)

Lifetime suicide attempts, mean ± SD 1.2 ± 1.1
Month of admissions, N (%)
January 26 (6.0)
February 30 (6.9)
March 37 (8.6)
April 38 (8.8)
May 49 (11.3)
June 42 (9.7)
July 36 (8.3)
August 40 (9.3)
September 29 (6.7)
October 29 (6.7)
November 40 (9.3)
December 36 (8.3)

Seasonality, N (%)
Autumn 101 (23.4)
Winter 88 (20.4)
Spring 131 (30.3)
Summer 112 (25.9)

Photoperiod, N (%)
Spring–Summer 243 (56.2)
Autumn–Winter 189 (43.8)
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those with schizophrenia (Valtonen et al., 2006). Our findings confirm
previous evidence showing that suicidal behaviors exhibit both circa-
dian (van Houwelingen and Beersma, 2001; van Houwelingen et al.,
2010) and seasonal rhythms (Germain and Kupfer, 2008). Both in at-
tempted (Valtonen et al., 2006) and completed suicides
(van Houwelingen and Beersma, 2001) time patterns were detected. In
particular, our findings are consistent with previous evidence that re-
ported the highest rate of completed suicides between May and July,
when the period of daylight is always shorter for the a.m. hours than it
is for the p.m. hours and this influences mechanisms that decode the
duration of the melatonin signal in the melatonin-target tissues. Thus,
increased sunlight exposure causes alterations in the metabolism of
melatonin and serotonin (Brewerton et al., 2018; Maruani et al., 2018).

The reaction of the organism both to the stimulation of a longer
period of light (as in spring and summer), and to the exposure of higher
temperatures, may be implicated in the destabilization of the

psychopathological framework, potentially favoring the increased rate
of high lethality suicides detected. Regarding light effects, prolonged
light exposure could dysregulate circadian rhythm causing sleep dis-
ruption. It is known that light exposure is the primary signal for the
central clock in the suprachiasmatic nuclei (SCN) of the hypothalamus
and suppresses melatonin synthesis by the pineal gland. The SCN in-
fluences the circadian rhythm of body temperature, as a key synchro-
nizer of clocks in peripheral tissues (Potter et al., 2016; Maruani et al.,
2018). The hypothalamus is anatomically connected with the thalamus
and the limbic cortex, constituting a functional framework that links
bodily sensations to emotional responses. In humans, the limbic cortex
is in turn associated with the anterior portion of the insular cortex,
processing convergent sensory information to produce an emotive
correlation. Besides, areas of the insular cortex that are activated during
recall of feelings are also activated during the conscious sensation of
pain and temperature (Kandel et al., 2013). It is possible to hypothesize,
therefore, a link between the perception of significant heat (from high
temperatures) and an emotional correlation of discomfort, which can
translate into behavioral anomalies in subjects at risk. Furthermore,
patients with mood disorders are especially vulnerable to circadian
dysregulation and sleep disruption, with an increased risk to the onset
of mixed states (Muneer, 2017) and consequently to present dyscontrol
of impulses and suicidal behaviors.

The photoperiod spring-summer, in which we reported the highest
lethality in suicide attempts, is a particular period of the year from the
circadian-clock point of view because of the challenge to alignment of
the circadian rhythms with the sleep-wake cycle.

Interestingly, in-depth findings about the brain activity during this
photoperiod are provided by studies on animals that showed how the
very long day might challenge the network within the circadian pace-
maker that is comprised of the evening and morning active cells, and
that takes part in the seasonal adaptation in diurnal animals such as
sheep and horses (Lincoln et al., 2003; Hazlerigg et al., 2004). When
day lengths become shorter in fall and winter, the morning active cells
dominate the circadian output, e.g. the sleep-wake behavior. However,
this dominance is gradually transferred to the evening active cells as the
days get longer in spring and the coincidence effect of the morning and
evening active cells disappears when the melatonin signal duration
becomes insufficient to sensitize adenylate cyclase and support a peak
expression of the morning-active cells (Nagoshi et al., 2010). The
speeding up of the evening active cells (e.g. by sunshine) makes the
morning active cells higher firing rate in spring-summer photoperiod
but not in fall-winter and this determines important melatonin-depen-
dent effects on clock- gene expression in spring and autumn (CRY2 and
PER2 genetic variants have been reported). The expression of CRY2 and
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Fig. 1. Differences in terms of month admissions between high vs low lethality suicide attempts.

Table 2
Seasonality and photoperiod differences between high vs low lethality suicide
attempts.

High lethality
(N=133)

Low lethality
(N=299)

t/χ2 df p

Seasonality, N (%) 19.516 3 <0.001
Spring 48 (36.1) 83 (27.8)
Summer 47 (35.3) 65 (21.7)
Autumn 23 (17.3) 78 (26.1)
Winter 15 (11.3) 73 (24.4)

Autumn, N (%) 23 (17.3) 78 (26.1) 3.974 1 .046
Winter, N (%) 15 (11.3) 73 (24.4) 9.793 1 .002
Spring, N (%) 48 (36.1) 83 (27.8) 3.024 1 .082
Summer, N (%) 47 (35.3) 65 (21.7) 8.865 1 .003
Photoperiod, N (%) 17.990 1 <0.001
Spring–Summer 95 (71.4) 148 (49.5)
Autumn–Winter 38 (28.6) 151 (50.5)

Table 3
Correlations between high lethality suicide attempts and environmental
variables.

Lethality of suicide attempt

Autumn −0.096 (p= .046)
Winter −151 (p= .002)
Spring 0.084 (p=.082)
Summer 0.143 (p=.003)
Longer photoperiod 0.204 (p < .001)
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PER2 variants is regulated by the circadian pacemaker system also in
human and has been associated with vulnerability for unipolar and
bipolar depression (Lavebratt et al., 2010). Different clock genes have
been associated with higher suicide risk in bipolar patients such as
CLOCK gene that is associated with violent suicide attempts, thus
possibly involving the lethality of the attempts but also TIMELESS,
PER3 and ARNTL genes that are involved in the modulation of the
course of bipolar illness, e.g. the recurrence and frequency of episodes
which have a predictive value for suicide attempts (Pawlak et al.,
2017).

Moreover, lower melatonin levels have been significantly associated
with completed suicides in post- mortem studies (Kurtulus Dereli et al.,
2018) and this may further support our findings of more lethal suicide
attempts and lower levels of melatonin in spring – summer, when there
are less hours of darkness during which melatonin is produced in
pinealocytes. Interestingly, melatonin results from the n- acetylatyla-
tion of 5-HT via the catalyzation of enzymes aralkylamine n-acetyl-
transferase (AANAT) and acetylserotonin O-methyltransferase (ASMT)
that are regulated by clock- genes. Therefore, both a decrease in 5-HT
and increase in daylight impair melatonin synthesis (Tosini et al., 2012;
Meng et al., 2018).

However, different hypotheses have been developed to shed light on
the relationship between suicides and spring-summer photoperiod and
one of these explains how the increase in temperatures experienced by
the human body in spring and early summer would contribute to cer-
ebral hyperactivity associated with symptoms such as anxiety poten-
tially enhancing the risk of suicide (Vaughan et al., 2011; Helama et al.,
2013; Holopainen et al., 2014; Gao et al., 2019). Moreover, further
theories about the association between 5-HT dysfunctions and suicidal
behaviors have been developed to explain the seasonal pattern of sui-
cides worldwide. In particular, the disruption in the functioning of the
5-HT system links affective disorders, anxiety, seasonal admissions with
mania and violence and/or impulsive behaviors like sexual abuse, ag-
gression, homicide and obviously suicide (Marazziti et al., 2013; White
et al., 2015; Brewerton et al., 2018).

Recently, the use of blue light hotspots in railway platforms to de-
crease the incidence of railway suicides has been investigated and
contrasting evidence have been reported (Matsubayashi et al., 2013;
Ichikawa et al., 2014; Matsubayashi et al., 2014). For instance,
Matsubayashi et al. (2013) indicated that suicide deaths decreased
significantly by 84% across the eleven Japanese stations where blue
lights were installed. On the other hand Ichikawa et al. (2014) argued
that blue lights may have much more limited potential as a suicide
prevention strategy than previously suggested, as suicide attempts oc-
curring where platform lights are installed and turned on only comprise
a small number of the total rail-related attempts. However, current
understandings of this existing, albeit small, effect of blue light hotspots
on impulsivity and suicidal behaviors suggest that the stimulation of
melanopsin retinal ganglion cells by blue light activates the retino-hy-
pothalamic tract to the suprachiasmatic nuclei (SCN) that acts mela-
tonin pathways (Matsubayashi et al., 2013; Matsubayashi et al., 2014).
In particular, evidence showed that blue light in the range of
460–480 nm is more effective compared to monochromatic light of
555 nm in phase-shifting the human circadian clock, thus leading to
decrease in heartbeat rates and promoting relaxation (Tosini et al.,
2016).

Future research should focus on effective prevention strategies tar-
geting the use of light dependent neuronal pathways to decrease suicide
attempts and suicide rates. In particular, the use of blue light hotspots
and melatonin oral supplementation programs in subjects with mood
disorders during photoperiods at higher suicide risk should be further
investigated.

4.1. Limitations

The present study should be considered in the light of the following

limitations. First, patients’ seasonal environment and psychological
factors as well as the presence of acute life-events fostering the suicidal
crisis have not been investigated. Second, our findings result only from
one city and we could not evaluate the possible confounding effect of
weather, humidity and other geographical variables co-existing with
the photoperiod. Diagnoses were formulated by expert clinicians ac-
cording to the DSM-5 but no structured interviews have been per-
formed. Another limitation that should be taken into account is the lack
of specific rating scales assessing the lethality of side effects. Since none
of these is validated in Italian language, we preferred to rely upon
Shneidman's and Joiner's definitions of lethality, although we ac-
knowledge that the use of a specific instrument may provide with ad-
junctive relevant data. No data concerning the photoperiod, in which
previous suicide attempts were carried out, have been collected.
Moreover, data concerning the pharmacological treatment in spring-
summer of patients with mood disorders were not collected. Therefore,
we cannot evaluate the possible effect of autonomous treatment inter-
ruption in spring-summer on suicide attempts.

5. Conclusions

Despite the large body of evidence, further studies are needed to
provide deeper understandings on the delicate molecular network that
links suicide behaviors, seasonality and daylight in order to develop
more effective prevention and treatment strategies in the future. Future
research may lead to the development of specific medications targeting
these molecular systems that may help both suicide prevention and
recurrence of acute affective episodes.
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