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Abstract

Introduction. Suicide is a global public health problem. More than 720,000 people die by suicide each year. Every
suicide is a tragedy that affects families, communities, and entire countries, with long-term consequences for the loved ones
of the deceased. The timing of suicides may also depend on external factors. Research on this topic has so far yielded
somewhat contradictory results regarding the relationship between suicides and specific days or seasons of the year.
Seasonal factors influence the level of suicides and the number of suicide attempts.

Objective: Analyze the impact of weekdays, months, seasonal fluctuations, and lunar phases on the suicide rate in the

Pavlodar region, including the cities of Ust-Kamenogorsk and Semey.
Materials and Methods: A retrospective study. To determine seasonality in the time series of completed suicides, seasonal-
trend decomposition using the Loess method was applied. Graphical methods were used to identify seasonal fluctuations, as
well as the statistical criteria QS and Kruskal-Wallis. The influence of seasonality was assessed using a linear regression
model that accounted for trends and seasons. Data from forensic examinations in Ust-Kamenogorsk, Semey, and the
Pavlodar region were collected for the period from 2013 to 2022, including 3657 cases of suicide. Variables: days of the
week, months, lunar phase.

Results. The Kruskal-Wallis test showed statistically significant differences between the quarters ¥2(3) = 15.35, p =
0.00154127. Moreover, the QS statistical criterion indicated the existence of seasonality QS = 7.65, p = 0.02185496. An increase in
the average number of suicides in the second quarter. Increases and decreases in completed suicides occurred on all days of the
week. Quasi-Poisson regression did not reveal an influence of lunar phases on the number of completed suicides.

Conclusions. The study found an increase in the number of suicides in the second quarter of the year (from April to
June), while no significant dependence of the number of suicides on the days of the week or lunar phases was established.

Keywords: epidemiology, suicide, mortality, seasonality, days of the week.
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1HAO «MeguumHcKmin yHuBepcuteT Cemenr, r. Cemen, Pecnyobnuka KasaxcraH;
2 Accoumaums ceMeitHbIX Bpayen KaszaxctaHa, Punuan B obnactn Aban, r. Cemen, Pecnybnuka KazaxcrtaH;
*HAO «MepguunHckun yHuBepcuteT ActaHa», r. ActaHa, Pecny6nuka KasaxcraH.

BeepeHne. Camoybuiicteo siBnsieTcs rmobanbHoi npobrnemoii obLiecTBeHHOrO 3apaBooxpaHeHns. ExerogHo Gonee
720 000 yenoBek ymupaloT B pesynbTaTe camoybuiictea. Kaxagoe camoybuincTBo — 310 Tpareausi, 3aTparuBaroLlas cembhm,
co00bLLeCTBa 1 Lenble CTpaHbl, C 4OMrOBPEMEHHBIMW NOCNEACTBUSMU AN POAHBIX MOKOMHOM0. Bpemst camoybuitcTe mMoxeT
Takke 3aBMCETb OT BHELHMX hakTopoB. MccnegoBaHus no 3TOW Teme A0 CUX MOP AAKT OTYAaCTWM MpOTUBOPEYMBbIE
pesynbTaThl, KacatolmMecs CBA3W CaMOyBWACTB C OMpedenéHHbIMA AHSMU MiM ce3oHaMmn B rofy. Ce3oHHble hakTopbl
BAUSIKOT HA YPOBEHb CaMOYBMINCTB 1 YNCIO NOMbITOK CamMoyBuincTea.

Llenb nccnepoBanusi: MpocuntaTb aHanns BO3AEACTBUS AHE HELENU, MECALEB, CE30HHbIX KonebaHuil 1 NyHHbIX das
Ha ypoBeHb camoybuincTs B MaBnogapckon obnacTy, Bkntoyas ropoga Yctb-KameHoropek u Cemen.

Matepuan u metopbl: PeTpocnekTBHOe uccregoBaHve. [1ns onpefeneHnst CE30HHOCTM BO BPEMEHHbIX pspax
COBEpLLEHHbIX camoybuiicTB Bbina NpUMEHeHa CE30HHO-TPEHAO0BAs AEKOMMO3MLMS C UCnonb3oBaHnemM metoda Loess. [ins
BbISIBMEHUS CE30HHbIX konebaHuit mcnonb3oBamuch rpadmyeckne MeToabl, a Takke craTucTudeckue kputepum QS w
Kpackena-Yonnuca. BnusiHue ce30HHOCTW OLEHWMBANOCh C MOMOLLbIO TMHENHOW PErPECCUOHHON MOAEMNM, YUYMTbIBAOLLEN
TpeHAbl W Ce30Hbl. Bbinu cobpaHbl AaHHble CyaebHO-MeaMUMHCKUX 3KCnepTus r. YcTb-KameHoropcka, r. Cemen u
MaBnogapckon obnactu 3a nepuoa ¢ 2013 no 2022 roa, Bkntovatowwme 3657 cnyyaeB cMepTi oT cyuumaa. MNepemeHHble:
[HW Heaenu, MecsiLbl, NyHHas gasa.

Pesynbtatbl. Kputepuin Kpackena-Yomnuca nokasan, 4TO €CTb CTaTUCTUYECKM 3HAYMMbIE Pa3nMuMa  MEXOy
ksaptanamn ¥2(3) = 15,35, p = 0,00154127. bonee TOro ctatuCTUyeckuin kputepuint QS nokasan O CyLyeCTBOBaHWM
ce3oHHocTn QS = 7,65, p = 0,02185496. MoBbIlWEHNEe CPEQHMX 3HAYEHMIA KOMMYECTBA CyWUMAOB BO BTOPOM KBapTare.
YBENNYEHNS W CHKEHWS COBEPLLEHHBIX CaMOyDUICTB NPUXOJATCA Ha BCE AHM Hepenu. KBasunyaccoHOBCKas perpeccus He
BbISIBUNA BNUSHWE NMyHHbIX a3 Ha KOMMYECTBO COBEPLLEHHBIX CaMOyOUICTB.

BbiBoAb1. B pesynbrare uccnesoBaHus BbISBIEH POCT YMcra camMmoyouiiCTB BO BTOPOM KBapTare roga (C anpensi no WioHb), B
TO K€ BPEMS! HE YCTaHOBMEHA 3HAUMMas 3aBICUMOCTb KONMYECTBA CaMOYBUICTB OT AHE HEenH, Kak v NyHHbIX as.

Knroyeenie cnosa: snudemuonoausi, cyuyud, cMepmHocmu, Ce30HHOCMb, OHU Hedenu.

Tyningeme
CEMEVI, O©CKEMEH KANANAPbDbIHbIH XXOHE NABNOAOAP
OBJILICTAPbLIHAOAFDbI 63-03IHE KOJ1 )XK¥YMCAY OEHMEMIHE ANTA
KYHOEPIHIH, MAYCbIMAbIK XXOHE AN ®A3AJNAPBIHbIH SCEPI
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Kipicne. ©3iH-e3iHe Kon xymcay — AeHcaynblk cakTaygblH xahaHablk MaceneHiH, Oipi. Xbin caibi 720 MblHHaH
acTam afjam e3-e3iHe Kon xymcan enegi. Opbip e3-e3iHe Ko xymcay - 6yn MapKyMHbIH, XaKbIHAAPb! YLUiH y3aK Mep3iMai
canpapbl 6ap otbacbinapfra, KaybiMacTblKTapFa XaHe Oykin engepre acep €TETiH KaWfFbinbl OKuFa. ©3-63iHe Kon
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KYMCayAblH, yaKbiTbl CbIPTKbl (hakTopnapfFa Aa 6ainaHbicTbl 60nybl MyMkiH. OCbl TaKblpbinTaFbl 3epTTeynep Cynuma neH
XbingblH Genrini 6ip KyHaepi Hemece MaycbiMzapbl apacbiHgaFbl GainaHbicka KaTbicTbl Oipliama Kapama-Kamlb
HaTuxenep G6epeni. MaycbiMablK chakTopnap Cynumun AeHremniHe XaHe Cynuna SpekeTTEPIHIH, caHblHa ja acep eTefi.

Makcatbl: [MaBnogap eHipiHae, CoHbIH, iwiHae OckemeH xaHe Cemeil kananapbl 6OMbIHILA Cynuna AeHreliHe anTa
KYHZEpiHiH, aitnapabiH, MayCbiMAbIK aybITKynapablH, xaHe an thazanapbiHbiH, 8CepiH nanbiMaay.

Kypanpap meH agictep: PeTpocnekTusTi 3epTTey. acanfaH CyuuMaTepaiH, yaxkpIT KaTapbiH4arbl MayCbIMAbIIbIKTbI
aHblKTay YWiH Loess afiCiH KompaHy apKbifbl MayChiMAbIK TPEHATIH, AEKOMMO3MLMACH KonaaHbingbl. MaycbiMabik,
aybITKynapabl aHbIKTay yiliH rpadmkansik agictep, coHbiMeH katap QS xaHe Kruskal-Wallis ctatuctukansik, coiHakTapbl
KOnZaHbinabl. MaycbiMablk aCep TeHOEeHUWsnap MeH MaycbiMAapAbl ecenke anatblH CbI3bIKTbIK PErPeccust yriciH
KongaHy apkbinbl bGaranaHgbl. OckemeH, Cemelt kananapbl oHe [MaBnogap obnbictapeiHga 2013-2022 xwingap
aparnblfblHaaFbl COT-MeauUMHanblK capanTamanapiblH AepekTepi XuHaKTarnabl, OHbIH, iwiHge 3657 e3-e3iHe Kon xymcay.
AlHbIManbinap: anta KyHaepi, annap, ait asacel.

Hatnxenep. Kpackan-Yonnuc ceiHarbl x2(3) = 15,35, p = 0,00154127 TokcaHgap apacbiHaa cTaTUcTUKanbIK MaHbI3apl
albipmaLubinbikTap 6ap ekeHiH kepcetTi. CoHbiMeH Katap, QS ctatucTukanblk kputepuii MayceiMaslk QS = 7,65, p =
0,02185496 kepceTkiwTep 6ap ekeHiH kepceTTi. EkiHII TOKcaHAa CyWUMATIH, opTala KepceTKiluTepiHiH apTybl. AsKTanfaH
CyvUMATEpAIH apTybl MeH a3alobl anTaHblH 6apnblk KyHaepiHae 6onaabl. Keasu-lyaccoH perpeccusicel ann hasanapblHbiH,
©3iH-63i enTipy CaHbiHa SCEp eTNENTIHIH aHbIKTaabI.

KopbITbiHAbINGP. 3epTTey HaTUXECIHAE KbINAbIH EKIHLLI TOKCaHbIHAA (CaYipAeH MaycbiMFa AeWiH) CyUuMa CaHbIHbIH,
©CKeHi aHblKTanabl, Oyn peTTe cyuuua CaHblHblH, anTa KyHAepiHe Hemece aii hasanapblHa aiTapnbiKTal Toyenainiri
aHbIKTanvaraH.

TyliHdi ce3dep: anudemuosnoaus, cyuyud, enim, Maycbimobik, anma KyHOepi.
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Introduction the number of suicides varies according to these factors

Suicide is a global public health problem. Every year, more  [20]. This suggests that the time of day and week may also
than 720,000 people die by suicide. Each suicide is a tragedy ~ affect people's emotional states and behavioral responses.
that affects families, communities, and entire countries, with Unfortunately, the suicide rate in Kazakhstan remains
long-term consequences for the loved ones of the deceased ~ one of the highest in the world, and the frequency of
[25]. The timing of suicides may also depend on external  suicides among men significantly exceeds that among
factors. Research on this topic has so far yielded somewhat ~ women [9, 12, 23]. This underscores the importance of a
contradictory results regarding the association of suicides with ~ deeper understanding of suicidal behavior and the need for
specific days or seasons of the year [7]. effective suicide prevention strategies. To achieve this, it is

Seasonal factors, such as changes in weather and  necessary to investigate temporal changes in suicide rates,
social conditions, significantly influence the level of suicides ~ focusing on both annual trends and seasonal fluctuations,
and the number of suicide attempts. Changes in climatic ~ days of the week, and times of day [10]. Comparing
conditions, daylight duration, and social interactions at  patterns of seasonal suicides among geographically,
different times of the year can have both positve and  demographically, and socially heterogeneous populations
negative effects on the mental health of the population. For ~ should help shed light on the underlying factors influencing
example, the spring months, when there is an increase in  these patterns and better explain the mechanisms of this
sunlight, may be associated with heightened social activity, phenomenon [27]. One of the early researchers in this area
which, as studies show, sometimes leads to an increase i~ was Morselli, who conducted a comparative study of the
suicide rates due to increased social tension [14].  monthly distribution of suicides in 17 European countries
Furthermore, seasonal fluctuations in social behavior may from 1827 to 1877. He noted that the number of suicides
impact the number of suicides, highlighting the complexity ~ consistently increased from the beginning of the year until
of this issue [24]. It is important to note that the suicide rate  June, and then gradually decreased until the end of the
is influenced by temporal cycles, such as days of the week,  year [10]. In the 19th century, Durkheim studied the
seasons, and lunar phases. Scientific studies indicate that  distribution of suicides by season and time of day. He
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argued that increased social activity in spring and summer
leads to heightened social tension, causing a seasonal
peak in suicides in the second quarter of the vyear,
coinciding with spring in Europe (Durkheim, 1897) [15].

Thus, studying the temporal aspects of suicides is an
important step toward understanding this complex issue
and developing effective measures for its prevention.

This investigation aimed to analyze the impact of the
days of the week, months, seasonal fluctuations, and lunar
phases on the level of suicides in the Pavlodar region,
including the cities of Ust-Kamenogorsk and Semey

Materials and Methods. Design: A retrospective cohort
study was conducted. Data from forensic medical
examinations in Ust-Kamenogorsk, Semey, and Pavlodar
region were collected for the period from 2013 to 2022,
encompassing 3657 suicide deaths. Variables included:
days of the week, months, lunar phase. Prior to data
collection, the study received ethical approval from the
Ethics Committee of Semey Medical University (protocol
No. 4, November 20, 2021).

Statistical analysis. The statistical analysis was conducted
using SPSS version 20.0 (IBM lIreland Product Distribution
Limited, Ireland). To determine seasonality in the time series of
completed suicides, seasonal-rend decomposition using the
Loess method was employed. In addition, graphical methods
were used to identify seasonality, as well as the QS statistical
criterion and the Kruskal-Wallis test. A linear regression model
was used to assess the impact of seasonality, taking into
account trends and seasons. To evaluate the influence of lunar
phases on the number of completed suicides, quasi-Poisson
regression was used.

Results. Analysis of Quarterly Seasonality of Completed
Suicides.The data breakdown indicated the presence of a trend
and seasonality throughout the year. Suicide cases exhibit a
decreasing trend. The figure shows that seasonality and the
residual contribute significantly to changes in the time series;
the seasonal component has the following structure; at the
beginning of the year, there is a low number of suicide cases,
followed by an increase in the second quarter and a decline
towards the end of the year (Figure 1).

data

60

100 1
90 1

80 1

trend

seasonal ‘ |

ANNNNNNNNN

=
remainder

=

2016

2018 2020

years
Figure 1. Analysis of quarterly seasonality of completed suicide cases.

On the seasonal graph, an increase in the
number of suicides in the second quarter of the
year is also observed (Figure 2).

Also, in the seasonal trend graph over 1201

all the years, there is an increase in the
average number of suicides in the second
quarter of the year (Figure 3).

The Kruskal-Wallis test showed that there
are statistically significant differences between
the quarters x2(3) = 15.35, p = 0.00154127.
Moreover, the QS statistical criterion indicated
the existence of seasonality QS = 7.65, p =
0.02185496. The linear model shows that
Season 2 has a statistically significant increase
in the number of suicides by 18.73 cases
compared to Season 1 (Table 1). There is a
trend of decreasing suicides by 0.403 cases
per quarter.

Seasonal schedule

Q1
years

2013
2014
2015
2016
Q2 2017
2018
2019
2020
2021
2022

Q3

Quarter

Figure 2. Seasonal chart of completed suicides from 2013 to 2022.
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Figure 3. Seasonal chart of completed suicides from 2013 to 2022.

Table 1.
Values of the linear regression model considering seasons and trend.

Assessment Statistical error t value Pr(>[t]) p-value
(Intercept) 94.350 5.403 17.462 0.0000
Trend -0.403 0.181 -2.222 0.0329
Season 2 18.703 5.892 3.174 0.0031
Season 3 7.705 5.900 1.306 0.2001
Season 4 -5.092 5.914 -0.861 0.3951
Residual standard error: 13.17 on 35 degrees of freedom
Multiple R-squared: 0.4081, Adjusted R-squared: 0.3405
F-statistic: 6.034 on 35 and 4 DF, p-value: 0.0008

Analysis of seasonality by month of completed The data breakdown showed a slight seasonality
suicides. throughout the year (Figure 4).
50
40- -
0 & 1
20-
32 g I
28~ ;
24 - =
5.0 M
25- @
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10- é
0 §
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Figure 4. Analysis of seasonality by month of committed suicide cases.
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Figure 5. Analysis of seasonality by month of committed suicide cases from 2013 to 2022.

Seasonal schedule
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Seasonal schedule

The seasonal chart did not reveal
any seasonality in the months of the
year (Figure 5).

The seasonal chart shows a
persistent increase in the number of
suicides from April to June (Figure
6), which coincides with quarterly
seasonality.

The Kruskal-Wallis test showed
that there were no statistically
significant differences between the
months x2(3) = 12.94, p = 0.29. The
QS statistical test also did not
indicate the existence of seasonality
QS=0,p=1.

Analysis of the seasonality of
completed suicides based on the
days of the week.

The data breakdown revealed a
slight seasonality (Figure 7).

Feb Mar Apr May

months
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Sep Ot MNav Dec

Figure 6. Analysis of seasonality by month of committed suicide cases.

50
W
I
0
g
5
s 40
q_
o
o
b
0
£
S
- 30
20
J;r
5.
3-
> 8
1-
0.
20~
15- o
c
o
10- &
05
01 =
00- 8
01- 8
02
3,
248
1- 8
0§
-1

Figure 7. Analysis of the seasonality of committed suicide cases depending on the days of the week.
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Seasonal schedule

The seasonal graph does not

Sun

show any seasonality by days of the
week (Figure 8). Increases and
decreases in completed suicides
occur on all days of the week.

The quasi-Poisson regression did
not reveal an influence of lunar
phases on the number of suicides
committed (Table 2).

Discussion of results

The goal of our research is to
conduct a deep analysis of the
influence of various temporal factors,
such as days of the week, months,
seasons, and lunar phases, on the
level of suicides in the Pavlodar
region, as well as in Ust-
Kamenogorsk and Semey. Studies

day of the week regarding the timing of suicide
Figure 8. Analysis of the seasonality of committed attempts are significant for several
suicide cases depending on the days of the week. reasons.
Table 2.
Values of the Quasi-Poisson regression model.
Assessment Statistical error z value p
(Intercept) 4.553 0.042 109.309 0.0000 b
Full moon -0.054 0.060 -0.906 0.3708
New moon -0.075 0.060 -1.257 0.2168
Waning moon 0.021 0.059 -0.360 0.7212

Statistical significance: 0 <= "**'< 0,001 < "*'< 0.01 < "< 0.05
(The dispersion parameter for the quasi-Poisson family is taken to be 1.646327)
The sum of squares of deviations of sample values from their mean: 59.23 with 36 degrees of freedom.

Firstly, they help us identify specific periods when
individuals are most vulnerable to suicidal thoughts and
actions. Understanding these temporal patterns allows for
targeted intervention and support during critical moments,
which can significantly reduce the level of suicide.

In our research, we observe a persistent increase in the
number of suicides from April to June. This observation
aligns with the results of several international studies that
also recorded peaks in the number of suicides in spring and
early summer [1, 4, 22]. In the studies by Chi-Leung Kwok,
it was found that completed suicide cases peak in summer
(from May to July) and reach a minimum in winter (in
December) [17]. Korean researchers also identified
seasonal patterns, indicating that the highest number of
cases occurs in spring [27]. An analysis of data from the
Australian mortality database for 2000 and subsequent
years, conducted by Australian scientists, showed that the
suicide rate remains stable and is not dependent on gender
and age. However, seasonal fluctuations were identified:
the peak occurs in January, a decrease in late summer and
autumn, relatively stable rates are observed in winter and
an increase in spring, followed by a decrease in November-
December [5]. Brazilian scientists noted that suicide
attempts most frequently occur in spring and summer [6].
Researchers observed significant and recurring seasonal
patterns of suicides and suicide attempts in France, with a
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peak in spring [3]. Researchers observed significant and
recurring seasonal patterns of suicides and suicide attempts
in France, with a peak in spring [2]. Warsaw scientists
identified a spring peak of suicides among men and an
autumn peak among women [18].

According to the results of our research, there is a
stable increase in the number of suicide cases from April to
June. Researchers from Poland established that the months
with the highest number of suicide attempts are June, May,
and July, while the lowest rates are observed in February,
January, and November [16]. Scientists from South Korea,
Chi Ting Yang, in their studies found that a high frequency
of suicides is observed during the summer period, from May
to August [26].

Seasonal fluctuations in suicide mortality have been the
subject of extensive research; however, patterns related to
the days of the week have been studied much less
thoroughly. In our study, it was established that the days of
the week do not influence the suicide rate. Research by
Martin Pléder! indicates that the suicide rate increases on
Mondays and decreases on weekends throughout the week
[20]. Studies by Indian researchers found that on weekdays,
the highest number of suicide attempts is recorded on
Fridays, followed by Mondays, while the lowest number of
cases occurs on Sundays [13]. Furthermore, significant
differences in the frequency of suicides were found
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depending on the day of the week, with peaks on Monday
and Tuesday, as well as seasonality with an increase in
cases during the spring and summer months [8].
Researchers from South Korea found that the frequency
and proportion of suicide deaths were highest on Mondays
[19].

According to the results of our studies, quasi-Poisson
regression did not reveal any influence of lunar phases on
the number of completed suicides. Researchers from
Northern Europe obtained similar results to those in our
study. ltalian researchers and scholars from Northern
Europe reached comparable findings to our research. The
data obtained indicate that lunar phases do not influence
suicidal behavior [21]. American researchers R. Bhagar and
H. Le-Niculescu found in their studies that the suicide
mortality rate increased during the week of the full moon
[11]. These results underscore the need for further research
to better understand what factors may influence suicidal
behavior and how this knowledge can be used to develop
effective prevention strategies.

Conclusion. As a result of the study, an increase in the
number of suicides was identified in the second quarter of
the year (from April to June), while no significant
dependence of the number of suicides on the days of the
week or lunar phases was established.
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