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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 «MeauumHckumn yHnsepcutet Cemen», r. Cemein, Pecnybnuka KasaxcraH;

2 dapMaueBTUYECKMI MHCTUTYT, MNMepBbii MOCKOBCKUIA rocyAapCTBEHHbIN MEAULIMHCKUI YHUBEPCUTET UM.
N.M. CeueHoBa, MockBa, Poccus;

3 HAO «MeauumHckuin yhuBepcuteT ActaHar, r. AcTaHa, Pecny6nuka KasaxcraH;

4 MexayHapoAHbIi KasaxcKo-TypeLkui yHusepcuteT umenun K.A. ficaeum, r. TypkecTtaH, Pecny6nuka
KasaxcraH;

5 Accoumauun cemeiiHbIx Bpayein Kasaxcrana, ®unuan B o6nactu A6au, r. Cemeit, Pecnybnuka KasaxcraH.

BeepeHne. CamoyOuicTBa SBMAOTCA CEPbe3HON Npobremoii oOLLECTBEHHOMO 3[PaBOOXPAHEHWS BO BCEM MMPE.
Kaxgbin rog 726 000 yenosek ymupaeT oT camoybuincTs, 1 elé bonblue MioAen NbiTaeTcs NOKOHYMTL ¢ cobon. Kaxgoe
CaMoyOuMInCTBO — 3TO Tpareaus, 3aTparvBalllas CembM, COoDWecTBa M Lenble CTpaHbl, C AONrOBPEMEHHbLIMY
nocneacTBUASMM A4S POAHBIX MOKOMHOTO.

Llenb nccnepoBanusa: Mpocuntatb NporHo3 cynumaa B ropogax Yctb-KameHoropek, Cemeit u MaBnogapckon obnactu
C NOMOLLbIO MaTeEMaTUYeCKon MOZEn\.

Matepuan n metoabl: KoroptHoe peTpocnekTuBHOe uccnefosanue. OnucatensHas CTaTMCTiKa UCMonb3oBanach Ans
npeacTaBneHns abComTHBIX M OTHOCUTENbHbIX NokasaTenen. [ins cpaBHEHUs CPEAHUX B ABYX rpynnax npu HOpMansHOM
pacnpepeneHu ucnonb3osancs t-kputepuin CTbiogeHTa. [Ans CpaBHEHUS CPEOHWUX Mexay [BYMS KayeCTBEHHbIMM
nepeMeHHbIMM Bbin MCMOMb30BaH KpuUTepuid xu-kBagpaT MupcoHa.  Beinn cobpaHbl faHHble CyaeOHO-MEaULMHCKUX
akcnepTu3 YcTb-KameHoropcka, Cemes v lNaBnogapckon obnactu 3a nepuoa ¢ 2013 no 2022 rog, Bknovaowme 3657
Ccny4yaeB cMepTu OT cymumaa. NepeMeHHbIe: BO3pacT, NoM, MECTO XWUTeNbCTBa.

PesynbTatbl. Cpean pervoHoB nuavpytoLlee MecTo no COBEPLUEHHBIM Cyuumaam 3aHumaeT lNaBnogapckas obnactb
(45,6%), Ha BTOpoM MecTe YcTb-KameHoropck (30,8%), HauMeHbluee KONMWMYECTBO COBEPLUEHHbIX CaMOYyOWUICTB
3apeructpupoBaHo B ropoge Cemeit (23,6%). B 3aBucumocTv oT nona Gonbluee YMUCNO 3aBEPLUEHHBLIX CamMoyOuiAcTB
OTMEeYaeTCs Cpeay MYXCKOM YacTu Hacenenus (84,5%). Mogenb onuckbiBaeT AaHHble creaytowmm ob6pasom: thakTieckoe
3HaueHue ypoBHs cyuunaa 3a 2022 rog cootetctoBano 20,8 cnyyas Ha 100 Tbic. YenoBek, NpeackasaHo — 21,2 cryyas
Ha 100 Tbic. Yenosek; 3a 2023 — 20,6 cnyyas Ha 100 Thic. Yenosek, npefckasaHo — 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 cnyyas
Ha 100 Tbic. Yenosek ¢ 2024 no 2028 rog,.

BuiBogbl. B uccrefyembix pervoHax COXpaHsSieTCs BbICOKMA YpOBEHb CywuuaoB. Mcxoas w3 Haweir Mopenu
NpOrHo3npyeTcs CHxeHue ypoBHa cymumaa ¢ 20,9 cnyyas Ha 100 Teic. yenosek o 20,4 cnyyas Ha 100 Tbic. YenoBek C
2024 no 2028 rog.

Knroyeenie crnosa: snudemuonozusi, cyuyud, meHOeHyusi cmepmHocmu, Kazaxcmar.

109


https://orcid.org/0000-0003-3215-1076
https://orcid.org/0000-0001-6650-4971
https://orcid.org/0000-0002-6660-7118
https://orcid.org/0000-0001-6145-9649
https://orcid.org/%200000-0001-9006-5112
https://orcid.org/0000-0002-0864-1238
https://orcid.org/0000-0003-0279-6607
https://orcid.org/0009-0005-0939-9841
https://orcid.org/0009-0007-1710-9626
https://0009-0006-9810-9232/
https://orcid.org/0009-0005-1079-251
https://orcid.org/0000-0003-3310-4

Original article Science & Healthcare, 2024 Vol. 26 (5)

TyniHgeme
MATEMATUKANDbIK MOAENbAI NAUOANAHA OTbIPbIMN,
©CKEMEH, CEMEMU KAJIANAPbI MEH MNABJIOOAP OBJIbICbIHOAFbI
cyuuma BEHMrEnUIH BOJDKAY

MapguHa Anb6acosa, https://orcid.org/0000-0003-3215-1076
Caynew A. An6acosa, https://orcid.org/0000-0001-6650-4971
HAapua M. Wa6nap6aesa?, http://orcid.org/0000-0001-9463-1935
Haunsa XK. YanxxyHycosal, https://orcid.org/0000-0002-6660-7118
TonkbiH A. BynereHog1, https://orcid.org/0000-0001-6145-9649
Kepum MyTur2, https://orcid.org/0000-0001-9006-5112

AumaH A. Mycuna3, https://orcid.org/0000-0002-0864-1238
Apaunbim B. Bayp>aH1, https://orcid.org/0000-0003-0279-6607
Onxac B. Acyb6aes1, https://orcid.org/0009-0005-0939-9841
Anpbin K. fiocembaes?, https://orcid.org/0009-0007-1710-9626
Mypart H. Jlenec6aes, https://0009-0006-9810-9232

Fayxap K. AmaHraeBal, https://orcid.org/0000-0002-8422-7936
YrumxkaH B. TarbikaeBa4, https://orcid.org/0000-0002-7519-479X
TarbaHa H. CeutunuS, https:/lorcid.org/0009-0005-1079-251X
FynsHap M. Wanrymb6aesa?, https://lorcid.org/0000-0003-3310-4490
Antan A. ocynos, https://orcid.org/0000-0003-0875-1020

1 «Cemeit MeguumuHa YuusepcuteTi» KEAK, Cemel k., KasakcTaH Pecny6nukachil;

2.M. CeueHoB aTblHAarbl BipiHwWwi Mackey MemneKeTTik MeaULIMHA YHUBePCUTETIHIH hapMaueBTUKanbIK
MHCTUTYTbIHbIH, Mackey K., Pecein ®egepaumscel;

3 «ActaHa MeguuunHa YHusepcuteTi» KeAK, AcTaHa K., KasakctaH Pecny6nukachil;

4K.A. ficaym atbiHAaFbl Xanbikapanbik Ka3ak-Typik yHuBepcureTi, TypkicTaH K., KazakctaH Pecny6nukachbl;
5 KaszakcTaHHbIH oT6acbINbIK Aapirepnep KaybiMAacTbiFbl, AGan obnbicbiHAarbl dunuan, Cemen K.,
KasakctaH Pecnybnukachbil.

Kipicne. ©3-e3iHe kon xymMcay 6ykin anempae KoFamablk feHcaynblk cakTayablH, Kypaeni Maceneci 6onbin Tabbinags!.
Kein caitbiH 726 000 agam e3-e3iHe Kon ymcay canfgapbiHaH KauTbic 6onmagbl xeHe ofaH Aa ken ajam esiHe Kon
XyMcayFa apekeTTeHeqi. Opbip e3-e3iHe Kon xymcay - Oyn MapKyMHbIH 0T6achl YLLiH y3akka co3blnaTtbiH cangapsl 6ap
oTbacbinapra, kaybIMaacTbIKTapFa xoHe Oykin enpepre acep eTeTiH KailFbiNbl OKuFa.

Makcatbl: MatemaTtukanbik Mogenb apkbinsl ©ckemeH, Cemeit xoHe MaBnogap 06nbiCbiHAasbl CynunaTiH, 6omKambIH
ecenrey.

Kypanpap meH apictep: KoropTTbl peTtpocnektusTi 3epTrey. ABCOMIOTTI XoHe CamnbiCTbipManbl KepceTKiluTepai
KepceTy yLUiH cunaTTama cTaTUCTUKachl nanpanadbingsl. CTyAeHTTiH, t-TeCTi KanbinTbl Tapany xargaibiHga exi TonTafbl
OpTaHbl canbICTbIpY yLUiH NarganaHbingbl. Exi cananbik ailHbiManbinap apacsiHaasbl OpTaHbl canbICTbIpy yLliH MUpCcoH xu-
KBaapaT CbiHarbl KonaaHbinabl. 2013-2022 xbingap apanbifbiHaa BckemeH, Cemeit xaHe MaBnoaap obnbiCTapbiHbIH, COT-
MeauUMHarnblk, capanTamanapbiHaH AepekTep JKMHangbl, OHblH, ilWiHoe cyuunmateH 3657 agam  Kantbic Gongpl.
AlHbIManbInap: Xachbl, XblIHbICbI, TYPFbIbIKTbI KEPI.

Hatnxenep. Oxjpnep apacbiHaa e3-e3iHe Kon xymcay boibiHwa BipiHwi opbiHaa Maenopap obnbichl (45,6%), eKiHLi
opbiHga ©ckemeH (30,8%), eH, a3 Cemelt kanacbiHaa (23,6%); . XblHbiCbl BOMbIHWA asKTanfFaH CyWMLMOTEPAiH, CaHbl
XanblKTbiH, epriep Genirinae (84,5%) Gaiikanapgbl. Mogenb aepektepai kenecigen cunattangbl; 2022 xbinFa CyMUMATIH,
HakTbl geHreiti 100 mbiv, anama 20,8 xarnaitra cankec kenpi, 6ormkamabl - 100 MbiH, anamra 21,2 xarnait; 2023 xbinFa —
100 mbiH, apamra 20,6 xargan, 6omkamasl — 100 mMbin, agamra 21,1 xargait. bisgi, ynri 6oibiHWwa cyvuumnn gewxreni 2024
xbingaH 2028 xbinfa genin 100 mbiH, apamsa wakkaHaa 20,9 xarpagad 100 mbiH, apamea 20,4 xarnanFa aeviH
TeMeHgenai fen 6omkaHyaa.

KopbITbiHAbINGp. 3epTTenreH aiiMakTapga CYWUMOTIH, XOFapbl KepceTkiwTepi caktanyga. bisgin ynri 6oMbiHwWwa
cyvuma genreni 2024 xoingaH 2028 xbinfFa geitiv 100 MbiH, agamsa wakkanga 20,9 xargaingad 100 mbiv, agamea 20,4
Xafpgaiira feiH Temenaenai aen 6omkaHyaa.

Tytindi ce3dep: snudemuosnoausi, cyuyud, enim meHOeHyuUsiCb, 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, 8
= -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 (vears) M (SD) 445 (+17,7) 45,6 (£19,5) 435 (+15,9)
514 21(0,6) 4(19,1) 17 (80,9)
15-44 2062 (56,4 303 (14,7 1759 (85,3
AR GRS 0 (1) 45-64 1148 E31 ,4; 153 213,4; 995 (E§6,6) )
> 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% CI 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% CI 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 ,,
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 .,
Male gender 1.846 0.062 29.929 0.0000 .,
Pavlodar 0.273 0.057 4.792 0.0000 .,

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 % Cl

2024 20,9 20,1-218

2025 20,8 19,9-21,7

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 Marzd, 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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