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Abstract

Introduction. Suicides are a serious public health problem worldwide. Every year, 726,000 people die from suicide, and
many more attempt suicide. Each suicide is a tragedy affecting families, communities, and entire countries, with long-term
consequences for the bereaved.

Objective: Calculate the suicide forecast in the cities of Ust-Kamenogorsk, Semey, and Pavlodar region using a
mathematical model.

Materials and Methods: Cohort retrospective study. Descriptive statistics were used to present absolute and relative
indicators. The Student's t-test was used to compare means between two groups with normal distribution. The Pearson chi-
square test was used to compare means between two categorical variables. Data from forensic examinations in Ust-
Kamenogorsk, Semey, and Pavlodar region were collected for the period from 2013 to 2022, including 3657 cases of suicide.
Variables: age, gender, place of residence.

Results. Among the regions, Pavlodar region occupies the leading position in completed suicides (45.6%), followed by
Ust-Kamenogorsk (30.8%), and the lowest number of completed suicides is registered in the city of Semey (23.6%).
Depending on gender, a greater number of completed suicides is noted among the male population (84.5%). The model
describes the data as follows: the actual suicide rate for 2022 was 20.8 cases per 100,000 people, predicted — 21.2 cases
per 100,000 people; for 2023 — 20.6 cases per 100,000 people, predicted — 21.1 cases per 100,000 people. Based on our
model, a decrease in the suicide rate is forecasted from 20.9 cases per 100,000 people to 20.4 cases per 100,000 people
from 2024 to 2028.

Conclusions. n the studied regions, a high level of suicides persists. Based on our model, a decrease in the suicide rate
is projected from 20.9 cases per 100,000 people to 20.4 cases per 100,000 people from 2024 to 2028.
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1HAO «MeguumHckmit yHuBepcuteT Cemenr, r. Cemen, Pecnyobnuka KasaxcraH;

2 ®dapmaneBTMYECKMIA MHCTUTYT, MepBbin MoCKOBCKUI rocyaapCTBEHHbIN MEAULIMHCKUA YHUBEPCUTET UM.
N.M. CeueHoBa, MockBa, Poccus;

®HAO «MeauumHckuin yHuBepcuteT AcTtaHar, . ActaHa, Pecny6nuka KasaxcraH;

4 MexayHapoaHbIA KazaxcKo-Typeukui yHusepcuteT umeHun K.A. flcaBu, r. TypkecTtaH, Pecnybnuka
KasaxcTaH;

® Accoumaums ceMeiHbIX Bpayen KasaxctaHa, Punuan B obnactm Aban, r. Cemen, Pecnybnuka KazaxcraH.

BeepeHne. CamoyOuicTBa SBMAOTCA CEPbe3HOM Npobrnemoii OOLLECTBEHHOMO 3[PaBOOXPAHEHWS BO BCEM MMPE.
Kaxpgbint rog 726 000 yenoBek ymupaeT OT camoyOuiicTs, 1 ellé 6Gonblue NMoAei NbITaeTcs MOKOHYUTL ¢ coboir. Kaxpoe
CaMoyOuInCTBO — 3TO Tpareaus, 3aTparvBalllas Cemb, COoDWecTBa M Lenble CTpaHbl, C AONrOBPEMEHHbLIMY
nocneacTBUASMM A4S POAHBIX MOKOMHOTO.

Llenb nccneposanus: Npocumtatb NporHo3 cymumaa B ropogax Yctb-KameHoropek, Cemen u MNasnogapckon obnacty
C MOMOLLb0 MaTEMATUYECKO Mogenu.

Matepuan n metoabl: KoropTHoe peTpocnekTuBHoe uccnegosarue. OnucatenbHas CTaTCTUKa UCnonb3oBanack Ans
npeacTaBneHns abComTHbIX M OTHOCUTENbHBIX MokasaTenen. [ins cpaBHEHUs CPEeQHUX B ABYX rpynnax npu HopMansHOM
pacnpepeneHu ucnonb3osancs t-kputepuin CTbiopeHTa. [Ans CpaBHEHUS CPEOHWUX MEXOy [BYMS KauyeCTBEHHbIMM
nepemMeHHbIMM Obl MCMONb30BaH KpuTepuin xu-keagpat lMupcoHa.  Beimyv cobpaHbl AaHHble CyaebHO-MEAMLIMHCKIX
akcnepTu3 YcTb-KameHoropcka, Cemes v lNaBnogapckon obnactu 3a nepuoa ¢ 2013 no 2022 rog, Bknovatowme 3657
cny4yaes cMepTu OT cymumaa. NepeMeHHbIe: BO3pacT, NoM, MECTO XWUTeNbCTBa.

Pe3ynbTtatbl. Cpeay pervoHoB NuanpytoLLee MECTO MO COBEPLUEHHBIM CyuLmMaam 3aHnmaeT Maenogapckas obnactb
(45,6%), Ha BTOpoM MecTe YcTb-KameHoropck (30,8%), HaMMeHbluee KOMMYECTBO COBEPLUEHHbIX CaMOYyOWIACTB
3aperucTpupoBaHo B ropoge Cemei (23,6%). B 3aBucumocTv OT mona Oonbluee YMCnO 3aBepLUEHHbIX CaMOybuincTB
OTMEeYaEeTCs CPeay MYXCKOM YacTu Hacenerus (84,5%). Mogenb onuchbiBaeT AaHHbIe creaytowmm obpasom: thakTieckoe
3HaueHue ypoBHs cyuuuaa 3a 2022 rog cootetcteoBano 20,8 cnyyas Ha 100 Tbic. yenosek, npefckasaHo — 21,2 cnyyas
Ha 100 Tbic. yenosek; 3a 2023 — 20,6 cnyyas Ha 100 Tbic. YenoBek, npeackasaHo — 21,1 cnyyas Ha 100 Tbic. YenoBex.
Vicxons 13 Hallel MoAenu nporHo3npyeTcst CHkeHue yposHs cyuumaa ¢ 20,9 cnyyas Ha 100 Teic. yenosek go 20,4 crnyyas
Ha 100 Tbic. yenosek ¢ 2024 no 2028 rog.

BuiBogbl. B uccregyembix pervoHax COXpaHsieTcsl BbICOKMA YpOBEHb CyuuupoB. Mcxoas w3 Hawein Mopenu
NpOrHo3npyeTcs CHxeHue ypoBHa cymumaa ¢ 20,9 cnyyas Ha 100 Thic. yenosek 4o 20,4 cnyyas Ha 100 Tbic. YenoBek ¢
2024 no 2028 rog.

Knroyeenie cnosa: snudemuonozus, cyuyud, meHOeHyusi cmepmHocmu, Kazaxcmar.
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1 «Cemeit MeauunHa YHuBepcuteTi» KEAK, Cemen k., KazakctaH Pecnybnukachbl;

21.M. CeueHoB aTbiHAarbl BipiHwi Mackey MemnekeTTik MeavLMHa yHUBepCUTETIHIH cpapMaLieBTUKanNbIK
MHCTUTYTbIHbIH, Mackey k., Peceit ®egepauuscel;

3 «AcTaHa MeauwunHa YHuBepcuteTi» KeAK, ActaHa K., KazakctaH Pecny6nukacsl;

“K.A. fAcaym aTbiHaarbl Xanbikapanbik Ka3ak-Typik yHuBepcuTteTi, TypkicTaH K., Kazakctan Pecny6nukachbi;
® Ka3aKCTaHHBLIH 0T6aChINbIK Aopirepnep KaybiMaacTbifbl, AGan obnbickiHaarbl unnan, Cemen K.,
KasakctaH Pecny6nukacsbl.

Kipicne. ©3-e3iHe Kon xymcay Oykin anemae KoFamablK AeHCaynbIK cakTayablH Kypaeni maceneci 6onbin Tabbinagb!.
Kein caitbiH 726 000 agam e3-e3iHe Kon ymcay cangapbiHaH KauTbic 6onmagbl xaHe ofaH Aa ken ajam esiHe Kon
XyMcayFa apekeTTeHeqi. Opbip e3-e3iHe Kon xymcay - Oyn MapKyMHbIH 0T6achl YLLiH y3aKka Cco3bliaTbiH cangapsl 6ap
oTbacbinapra, KaybIMaacTbiKTapFa xoHe Oykin enpepre acep eTeTiH KailFbINbl OKuFa.

Makcatbl: Matematukanbik Mogenb apkbinbl ©ckemeH, Cemeit xoHe NaBnogap 0bnbiCbiHAaFbI CyMUMATIH, 6OmKaMbIH
ecenrey.

Kypanpgap meH apictep: KoropTTbl peTpocnekTuBTi 3epTTey. ABCOMIOTTI XaHe CanbiCTbipManbl KepceTkiluTepai
KepceTy yLUiH cunattama ctaTucTukackl nangananbingbl. CTyaeHTTiH, t-TeCTi KanbinTbl Tapany xaf4anblHOa eki TonTafbl
OpTaHbl canbICTbIpY yLUiH NarganaHbingbl. Exi cananbik ailHbiManbinap apacsiHaasbl OpTaHbl CanbICTbIpy yLUiH MUPCoH xu-
kBagpaT cbiHarbl KonaaHbingbl. 2013-2022 xeingap apansifbiHga ©ckemeH, Cemeit xaHe MaBnoaap 0bnbICTapbIHbIH, COT-
MeauuMHarnblK, capanTamanapblHaH [epekTep KuHandbl, OHbIH ilWiHOe cyuumateH 3657 agam  kalTbic 6Gongpl.
AlHbIManbInap: Xachbl, XbIHbIChI, TYPFbIMbIKTbI XKepi.

Hatuxenep. ©Hipnep apacbiHga e3-e3iHe KON xymcay GonbiHwa GipiHwwi opbiHaa Masnogap obnbickl (45,6%), ekiHLi
opbiHaa ©ckemeH (30,8%), ew, a3 Cemelt kanacbiHaa (23,6%); . blHbiCbl OOMbIHWA asiKTanFaH CYWULMATEPAiH, CaHbl
xanblkTblH, epnep Oeniringe (84,5%) Gaikanagbl. Mogens AepekTepai kenecigei cunatTangbl: 2022 xbinFa CyMUMATIH,
HakTbl geHreiti 100 mbin, anamra 20,8 xarnaitra cankec kenpi, 6ormkamabl - 100 Mbi, anamra 21,2 xarnai; 2023 xbinsa —
100 mbiH, apamra 20,6 xargait, 6omkamabl — 100 MblH, agamra 21,1 xargan. bisgin, ynri GoiibiHWwa cywunn aewredi 2024
xbingad 2028 xbinFa geniH 100 mbiH, apamra wakkanga 20,9 xargangad 100 mbiv, apamea 20,4 xafpaitFa aeiiH
TeMeHzenai fen bomkaHyaa.

KopbITbiHAbINGp. 3epTTenreH aiiMaktapga CYWLMOTIH, XOFapbl KepCeTkiwTepi caktanyga. bisgin ynri 6obiHwWwa
cynuma pewnreni 2024 xbingad 2028 xbinFa gediH 100 MbiH, agamra wakkanga 20,9 xargangad 100 mbin, agamea 20,4
Xarganra feiliH TeMeHaenai nen bomkaxyaa.

Tytindi ce3dep: snudemuosnoausi, cyuyud, enim meHOeHyuUsicbl, KazaKcmaH.
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Introduction

Suicide is a serious public health problem globally[1, 4].
Each year, 726,000 people die by suicide, and many more
attempt it. Every suicide is a tragedy affecting families,
communities, and entire countries, with long-term
consequences for those left behind. Suicide affects all age
groups and in 2021 was the third leading cause of death
among young people aged 15-29 worldwide [17]. Despite a
significant reduction in overall suicide mortality rates in
recent years, this trend is not universal. Suicidal ideation
and behaviors continue to pose significant challenges for
public policy and healthcare systems [2, 13]. Kazakhstan
has one of the highest suicide rates globally, with a higher
frequency among men than women [3, 5, 15]. However,
women more often contemplate and attempt suicide[8, 15].
In 2019, Kazakhstan saw a 7.4% increase in suicides
compared to 2018 (3800 vs. 3500 cases). Notably, over
73.6% of suicides occurred while sober, with 71.9% among
men and approximately 80% among women. Suicidal
behavior varies by sex, age group, geographical area, and
socio-political conditions, and is linked to various risk
factors, highlighting the etiological heterogeneity of this
problem([7, 14].

This investigation aimed of the study was to use a
mathematical model to predict the suicide rate in the cities
of Ust-Kamenogorsk, Semey, and Pavlodar region.

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: age, sex, and place of
residence. 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 Ireland Product Distribution Limited,
Ireland). Descriptive statistics were used to present
absolute and relative indicators. The Student's t-test was
used to compare means between two groups with normal
distribution. The Pearson chi-squared test was used to
compare means between two categorical variables.

To predict the level of suicide, a mathematical model
was developed with the assumption that the number of
suicide cases follows a Poisson distribution, as the units of
observation were discrete numbers. However, due to
excessive dispersion of the data, a negative binomial
regression was conducted to obtain the mathematical
model. The expected value of the suicide rate for each year
in Kazakhstan was modeled by the following equation:

E(Y) = e*(A(Y)),
where A(t) is the regression equation A(t) =a +  * t.

However, the decrease in the suicide rate in
Kazakhstan did not have an exponential nature, which
required an adjustment to the equation A(t) = a + B * In(t).
The population of Kazakhstan for each year, excluding the
population aged 0 to 5 years, was taken as the offset
variable. For constructing the model, data on the number of
suicides were taken from the Committee on Legal Statistics
and Special Accounts of the General Prosecutor's Office,
and the population data from the Bureau of National
Statistics from 2015 to 2023. The values of the year
variable were recoded from 2015 to 2022 as 1 to 9,
respectively. The obtained values were: a = -8.31535321, f3
= -0.06826177, the sum of squared deviations of the
sample values from their mean (deviance) = 8.9895 with 7
degrees of freedom.

The information on the population of the Republic of
Kazakhstan aged 5 years and older was sourced from the
official National Statistics Bureau from 2015 to 2023. For
calculating the projected values, data for Kazakhstan were
taken from the WHO report on the projected world
population.

Since the population reached 20 million in 2023, we
decided to take the projected values from the report for the
years 2025 to 2029. [18]. Here's the translation of the
paragraph:

This data was adjusted to account for 10.6% of the
population aged 0 to 5 years. Negative binomial regression
was used to assess the relationship between gender, age
group, and area of residence to the number of completed
suicides, as there was excessive dispersion in the data.
Model adequacy to the data was tested using Pearson's
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chi-squared statistical test for model evaluation. The
obtained values were transformed into incidence rate ratios
(IRR) by taking the exponent. A significance level of 0.05
was accepted as critical. Statistical analysis and graphical
representation of the data were performed using the
statistical software R 4.2.3.

Results

From 2013 to 2022, there were 3,657 deaths by suicide
in the cities of Ust-Kamenogorsk, Semey, and Pavlodar
region. The characteristics of the studied population are
presented in Table 1.

Table 1.
Characteristics of the studied population.
Variables Total Women Men
Semey 862 (23,6) 121 (14,1) 741 (85,9)
Region n (%) Ust-Kamenogorsk 1128 (30,8) 212 (18,8) 916 (81,2)
Pavlodar 1667 (45,6) 233 (14,0 1434 (86,0)
Place of residence City 2339 (63,9) 347 (14,8) 1992 (85,2)
n (%) Village 1318 (36,1) 219 (38,7) 1099 (35,6)
The gender n (%) 3657 (100) 566 (15,5) 3091 (84,5)
Age (years) M (SD) 44,5 (£17,7) 45,6 (£19,5) 43,5 (£15,9)
5-14 21(0,6) 4(19,1) 17 (80,9)
15-44 2062 (56,4 303 (14,7 1759 (85,3
AR GRS (i) 45-64 1148 231 ,4; 153 213,4; 995 (é6,6) :
> 64 426 (11,6) 106 (24,9) 320 (75,1)
Kazakhs 1793 (49,0) 264 (14,7) 1529 (85,3)
Nationality n (%) Russians 1600 (43,7) 267 (16,7) 1333 (83,3)
Other 264 (7,3) 35(13,3) 229 (86,7)
Standard Deviation - SD

As shown in Table 1, among the regions, Pavlodar
Region occupies the leading position in completed suicides
(45.6%), followed by Ust-Kamenogorsk (30.8%), while the
lowest number of completed suicides was recorded in the
city of Semey (23.6%). Depending on gender, a higher
number of completed suicides is observed among the male
population (84.5%). Most suicides were recorded among
the urban population (63.9%). The average age of the
studied population was 44.5 (£17.7) years, with the average
age being almost the same for both men and women. The
age group 15-44 was well represented (56.4%), followed by
the age group 45-64 years (31.4%). By nationality, the
majority belong to the indigenous population (49.0%), while
slightly fewer are Russians (43.7%).

The results of the negative binomial regression for the
East Kazakhstan and Pavlodar regions are presented.

Table 2 presents the results of the negative binomial
regression model. The suicide rate was lower in the age
group of 5-14 years (IRR 0.03, 95% CI 0.18 — 0.046)
compared to other groups, assuming that all other
variables remain unchanged in the model. The suicide
rate was higher among men (IRR 6.33, 95% Cl 5.61 -
7.15) compared to women, assuming that all other
variables remain unchanged in the model. Residents of
Pavlodar region are more likely to commit suicide (IRR
1.31, 95% ClI 1.17 - 1.47) than residents of East
Kazakhstan, assuming that all other variables remain
unchanged in the model.

Table 2.
Values of the negative binomial regression model.

Assessment - Standard Deviation z-score Pr(>|z|)
(intercept) -9.683 0.079 -122.937 0.0000 b
15-44 -0.018 0.075 -0.244 0.8074
45-64 -0.077 0.078 -0.982 0.3263
5-14 -3.510 0.231 -15.196 0.0000 b
Male gender 1.846 0.062 29.929 0.0000 b
Pavlodar 0.273 0.057 4.792 0.0000 b

significance: 0 <= "**'< 0.001 < **'< 0.01 < ™' < 0.05

The sum of squares of the deviations of the sample values from their mean: 13.98 with 9 degrees of freedom.
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Figure 1. Prediction of suicide rate.

Table 3.

Projected values of the suicide rate in Kazakhstan.

Year Suicide rate 95 % ClI

2024 20,9 20,1-218

2025 20,8 19,9-217

2026 20,7 19,7-21,6

2027 20,5 19,6 -20,5

2028 20,4 19,4-204

(per 100000 per.)

Discussion of Results

As a result of our study, it was found that men commit
suicide moreten, which corresponds with the data obtained
in research conducted by scholars M. llic and I. lli¢ in
Serbia, as well as by Nurhan Dogan, Dilek Toprak, and
Ismet Dogan in Turkey[3, 5]. Research conducted by
American scientists has shown that the suicide rate is
consistently higher in rural areas than in cities [7, 12]. In our
study, a significant prevalence of suicides among urban
residents was identified. A study by Spanish researchers
Carme Saura, Manel Marz6, and Marc Saez found that this
increase is statistically significant only for women of working
age (16-64 years), whereas in our study, the highest
frequency of suicides among men was observed in the age
group 15-64 years [10, 16]. Research by Mexican scientists
demonstrated that the highest number of suicide attempts
was recorded in the age group 17-24 years [6]. According to
a study conducted by Pakistani scientists Sadik Nawid and
Saniya Mumtaz Tahir, the age category of individuals who
committed suicide coincides with our group—aged 15 to 64
years [9, 11]. Based on this research, a model was
developed for forecasting suicides in Kazakhstan until 2028.

The model describes the data as follows: the actual
suicide rate for 2015 was 23.7 cases per 100,000 people,
while the projected value was 24.5 cases per 100,000
people; for 2016 — 24.7 cases per 100,000 people, with a
prediction of 23.3 cases per 100,000 people; for 2017 -
22.5 cases per 100,000 people, predicted at 22.7 cases per
100,000 people; for 2018 — 21.6 cases per 100,000 people,
predicted at 22.3 cases per 100,000 people; for 2019 — 22.8

cases per 100,000 people, predicted at 21.9 cases per
100,000 people; for 2020 — 20.8 cases per 100,000 people,
predicted at 21.7 cases per 100,000 people; for 2021 — 22.6
cases per 100,000 people, predicted at 21.4 cases per
100,000 people; for 2022 — 20.8 cases per 100,000 people,
predicted at 21.2 cases per 100,000 people; for 2023 — 20.6
cases per 100,000 people, predicted at 21.1 cases per
100,000 people.

According to our model, a decrease in the suicide rate
is projected from 20.9 cases per 100,000 people to 20.4
cases per 100,000 people from 2024 to 2028.

Conclusions

In the studied regions, a high level of suicide persists.
Analysis of data from 2013 to 2022 shows the highest
number of cases in Pavlodar Region. A significant
prevalence of suicides among the urban population is
observed (twice as high as in rural areas), as well as among
representatives of Kazakh and Russian nationalities aged
15 to 44 years. Among men, the highest suicide rate was
recorded in the age group of 15 to 44 years.
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