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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.

Keywords: Epidemiology; suicide; mortality trend; Kazakhstan.
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NMPOrHO3UMPOBAHME YPOBHA CYULIMAA B roPOAAX
YCTb-KAMEHOIOPCK, CEMEMU U NABJNIOOAPCKOM OBJIACTU
C nNnoMmoubio MATEMATUYECKOMU MOLAOENMU
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1HAO «MepauuuHckuii yHuBepcuTteT CeMeit», . Cemeit, Pecny6nuka KaszaxcraH;

2 PapMaLeBTMHECKMI MHCTUTYT, MepBbiit MOCKOBCKMIA roCyAapCTBEHHbLIA MEAULMHCKUIA YHUBEPCUTET UM.
N.M. CeueHoBa, MockBa, Poccus;

3 HAO «MeauuunHckui yHuBsepcuteT AcTaHay, r. ActaHa, Pecny6nuka KasaxcraH;

4 MexxayHapoaHbIi Ka3axcKko-TypeLkuid yHuBepcuTteT umenu K.A. SicaBu, r. TypkecTtaH, Pecny6nuka
KasaxcrTaH;

5 Accoumaums cemeiHbIx Bpayei KazaxctaHa, ®unuan B o6nactm A6ai, r. Cemeit, Pecny6nuka KaszaxcraH.

Bsepenue. Camoybuitctea ABNAKOTCA Cepbe3HOM Npobnemoii 0bLLEeCTBEHHOrO 3PaBOOXPAHEHUS! BO BCEM MUpE.
Kaxgpiit rog 726 000 yenosek ymupaeT 0T caMoybuiicTB, U elwé 6onbLue NoAei NbiTaeTcs NOKOHYNTB ¢ coboir. Kaxaoe
camoybuinCcTBO - 3TO Tpareamsi, 3aTparmBarLlas cembu, coobLEecTBa U Lienble CTpaHbl, C AONTOBPEMEHHBIMM
MOCNeACTBUAMM ANs POLAHbBIX MOKOWHOTO.

Lienb uccneposanus: Mpocuntath NPOrHO3 cyuumaa B ropofax Yctb-Kamenoropek, Cemeit v MaBnogapckoi obnactu ¢
MOMOLLbI0 MaTEMaTUYECKON MOLENH.

Matepuan u metogbl: KoropTHoe peTpocnekTuBHOE uccrefoBaHue. OnucatenbHas CTaTUCTUKA MCMonb3oBanach Ans
npeacTaeneHns abCconiTHLIX U OTHOCUTENbHBIX NOKasaTeneid. [ns CpaBHEHUS CPELHMX B [BYX Ipynnax npu HOpManbHOM
pacnpegeneHun ucrnonb3osarncs t-kputepuint CtotogeHTa. [01a cpaBHEHUS CpefHUX MeXay ABYMS KayeCTBEHHbIMM
nepeMeHHbIMM 6bin MCNONb30BaH KpUTepuii Xu-kBagpart MNupcoHa. Beinn cobpaHbl AaHHble CyAeOHO-MEANLIMHCKIX
akcnepTu3 Yctb-KameHoropcka, Cemes v Manogapckoii obnactu 3a nepuog ¢ 2013 no 2022 rog, Bknovatowme 3657
Cny4yaeB CMEPTU OT cymumaa. lNepeMeHHble: BO3pacT, Nos, MECTO XUTeNbCTBa.

PesynbTatbl. Cpeayn pervoHoB NUAMPYHOLLEE MECTO MO COBEpPLUEHHBIM Cyuumaam 3aHuMaeT MaBnogapckas obnactb
(45,6%), Ha BTOpom MecTe YcTb-KameHoropek (30,8%), HauMeHbLLee KONMYECTBO COBEPLLEHHbIX CaMOyBMIACTB
3aperucTpupoBaHo B ropoge Cemeit (23,6%). B 3aBucumocTu oT nona 6Gornbluee YMCNO 3aBEPLUEHHBIX CamMOyOUICTB
OTMEYaeTCs Cpeau MyXCKoil yactu HaceneHusi (84,5%). Mogenb onucbiBaeT AaHHble criedytolmm 06pa3oM: dakThyeckoe
3HaueHue ypoBHs cymumaa 3a 2022 rop cootsetcTBoBano 20,8 cnyyas Ha 100 Tbic. Yenosek, NnpefckasaHo - 21,2 cnyyas
Ha 100 Tbic. yenoBek; 3a 2023 - 20,6 cnyyas Ha 100 Tbic. yenosek, npeackasaHo - 21,1 cnyyas Ha 100 Tbic. yenoBsek.
Wcxoan 3 Halein Mogenu nporHo3upyeTcs CHuXeHue yposHs cyuumaa ¢ 20,9 cnyyas Ha 100 Toic. yenosek o 20,4 cnyyas Ha
100 TbIC. Yenosek ¢ 2024 no 2028 roga.

BbiBoabl. B nccnefyemMblx permoHax CoXpaHseTcs BbICOKMI YPOBEHb CyMLMAOB. Mcxoaa u3 Hallen moaenu
MPOrHO3MpyeTCs CHUXeHne ypoBHa cyuumnaa ¢ 20,9 cnyyas Ha 100 Teic. yenosek fo 20,4 cnyyas Ha 100 Tbic. YenoBek ¢
2024 no 2028 rop.

Kntoyeenle cnosa: snudemuonoeus, cyuyud, meHOeHyus cmepmHocmu, Kasaxcma.
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Tyninpeme
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1 «Cemeit MegnumHa YHuBepcuteTi» KEAK, Cemett K., KasakctaH Pecny6nukacoi;

2 .M. CeueHoB aTbiHAarbl BipiHwi Mackey MeMneKkeTTiK MeauuMHa yHMBepCcUTeTiHIH (hapMaueBTUKanbIK
MHCTUTYTbIHbIH, Mackey K., Pecen ®eaepaumscsi;

3 «ActaHa MeguumnHa YHuBepcuTteTi» KeAK, AcTaHa K., KazakcTaH Pecny6nukachi;

4K.A. ficaym aTbiHAarFbl Xanbikapanblk Ka3ak-Typik yHuBepcuteTi, TypkicTaH K., KasakctaH Pecny6nukachl;
5 KasakcTaHHbIH OoT6acbInbIK Aapirepnep KaybimaacTbifbl, AGai o6nbicbiHaarbl ounuan, Cemen K.,
KasakctaH Pecny6nukachbl.

Kipicne. ©3-63iHe Kon xymcay 6Ykin anemae KofamfblK AeHcaynblK cakTayablH Kypaeni maceneci 6ombin Tabbinagp.
Xbin caiibiH 726 000 apam 63-63iHe Kon XyMcay canfapblHaH KanTbic 6onaapl XoHe ofaH Aa Ken agam e3iHe Kon
XyMcayFa apekeTTeHepj. Opbip 63-63iHe Kon Xymcay - 6yn MapKyMHbIH otbachl YiLiH y3aKKa co3binaTblH cangapbl 6ap
otbacbinapra, KaybiMaacThbIKTapra XaHe OYKin engepre acep eTeTiH KaliFbiNbl OKUFa.

Makcatbl: MaTemaTukanslk Mofenb apkpinbl OckemeH, Cemeit xaHe MaBnofap 06MbICbIHAAFE CYMUNATIH 6ONXaMbIH
ecentey.

Kypangap meH apictep: KoropTTbl peTpocnekTuBTi 3epTTey. ABCOMIOTTI XaHe canbiCThipMarbl KepceTKiluTepsi
KepceTy yLUiH cunaTTama CTaTUCTUKach naganaHbingbl. CTyAeHTTiH t-TecTi kanbinTbl Tapany XafaanbiHAa eki TonTasbl
OpTaHbl canbICTbipy YLiH NaipanaHbingsl. Eki cananbik aitHbiManbinap apacbiHAarbl OpTaHbl CanbiCTbIpy yLiH MUPCOH Xu-
KBafpaT CbiHarbl kongaHbinabl. 2013-2022 xbingap apanbifbiHaa 8ckemeH, Cemeit XaHe MaBnoaap 06mblicTapblHbIH COT-
MeauUMHanbIK capanTamanapblHaH [epeKTep XWHangapl, OHblH iWiHae cyuumaTeH 3657 apam kaidTbic 6ongpbl.
AHbIManbINap: Xackl, XbIHbIChI, TYPFbUTbIKTHI XEPi.

Hatuxenep. Bxipnep apacbiHia e3-e3iHe kon Xymcay 6oibiHILa GipiHLWi opbiHAa Masnoaap obnbickl (45,6%), eKiHLi
opblHaa BckeMeH (30,8%), en a3 Cemeit kanacbiHaa (23,6%); . XbiHbiCbl 6OMbIHILA asKTanFaH CyUUMATEPAiH CaHbl
XanblkTblH, epnep beniringe (84,5%) 6ankanapbl. Mopenb fepektepai kenecigen cunattaigbl: 2022 Xbinfa CyUUMATIH
HakTbl aexrenti 100 Mbiy anamra 20,8 xaraaitra caltkec kengi, 6omxamapl - 100 mbiy agamsa 21,2 xagnait; 2023 Xbinsa -
100 mbiv, agamra 20,6 xargan, 6onxampbl - 100 mMbik agamra 21,1 xargair. bisgiw, ynri 6oibiHwa cynung, pexreiii 2024
xbinaaH 2028 xbinsa genid 100 mbiy, apamsa wakkadaa 20,9 xarganaad 100 mbiy apnamea 20,4 Xxarnaiea enid
TeMeHpewnai fen 6onxaHyaa.

KopbITbiHAbINap. 3epTTenreH aiiMakTapaa CyMUMATIH Xofapbl KepceTkiliTepi caktanyda. bisain ynri GoiibiHwa
cyuumnp nenreni 2024 xoinpaH 2028 xbinfa periH 100 mbiy, agamra wakkanga 20,9 xarpanpad 100 mbiy agamsa 20,4
Xarfaitra aeniH Temenaenai nen 6onxaHyaa.

TytiHOi ce3dep: anudemuosnoaus, cyuyud, eniM meHOeHyusCLI, Kasakcman.
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Introduction To predict the level of suicide, a mathematical model

Suicide is a serious public health problem globally[1, 4].  was developed with the assumption that the number of
Each year, 726,000 people die by suicide, and many more  suicide cases follows a Poisson distribution, as the units of
attempt it. Every suicide is a tragedy affecting families,  observation were discrete numbers. However, due to
communities, and entire countries, with long-term  excessive dispersion of the data, a negative binomial
consequences for those left behind. Suicide affects all age  regression was conducted to obtain the mathematical
groups and in 2021 was the third leading cause of death  model. The expected value of the suicide rate for each year in
among young people aged 15-29 worldwide [17]. Despite a  Kazakhstan was modeled by the following equation:
significant reduction in overall suicide mortality rates in

recent years, this trend is not universal. Suicidal ideation E(Y) = e*(A(Y)),

and behaviors continue to pose significant challenges for where A(t) is the regression equation A(t) = o + B *t.
public policy and healthcare systems [2, 13]. Kazakhstan

has one of the highest suicide rates globally, with a higher However, the decrease in the suicide rate in
frequency among men than women [3, 5, 15]. However,  Kazakhstan did not have an exponential nature, which
women more often contemplate and attempt suicide[8, 15].  required an adjustment to the equation A(t) = a + B * In(t).

In 2019, Kazakhstan saw a 7.4% increase in suicides  The population of Kazakhstan for each year, excluding the
compared to 2018 (3800 vs. 3500 cases). Notably, over  population aged 0 to 5 years, was taken as the offset
73.6% of suicides occurred while sober, with 71.9% among  variable. For constructing the model, data on the number of
men and approximately 80% among women. Suicidal suicides were taken from the Committee on Legal Statistics
behavior varies by sex, age group, geographical area, and  and Special Accounts of the General Prosecutor's Office,
socio-political conditions, and is linked to various risk  and the population data from the Bureau of National
factors, highlighting the etiological heterogeneity of this  Statistics from 2015 to 2023. The values of the year

problem[7, 14]. variable were recoded from 2015 to 2022 as 1 to 9,
This investigation aimed of the study wastousea  respectively. The obtained values were: o = -8.31535321, 8
mathematical model to predict the suicide rate in the cities = -0.06826177, the sum of squared deviations of the
of Ust-Kamenogorsk, Semey, and Pavlodar region. sample values from their mean (deviance) = 8.9895 with 7
Materials and Methods. degrees of freedom.
Design: A retrospective cohort study was conducted. The information on the population of the Republic of

Data from forensic medical examinations in Ust-  Kazakhstan aged 5 years and older was sourced from the
Kamenogorsk, Semey, and Pavlodar region were collected  official National Statistics Bureau from 2015 to 2023. For
for the period from 2013 to 2022, encompassing 3657  calculating the projected values, data for Kazakhstan were
suicide deaths. Variables included: age, sex, and place of ~ taken from the WHO report on the projected world
residence. Prior to data collection, the study received population.

ethical approval from the Ethics Committee of Semey Since the population reached 20 million in 2023, we

Medical University (protocol No. 4, November 20, 2021). decided to take the projected values from the report for the
Statistical analysis. years 2025 to 2029. [18]. Here's the translation of the
The statistical analysis was conducted using SPSS ~ paragraph:

version 20.0 (IBM Ireland Product Distribution Limited, This data was adjusted to account for 10.6% of the

Ireland). Descriptive statistics were used to present  population aged 0 to 5 years. Negative binomial regression
absolute and relative indicators. The Student's t-test was  was used to assess the relationship between gender, age
used to compare means between two groups with normal  group, and area of residence to the number of completed
distribution. The Pearson chi-squared test was used to  suicides, as there was excessive dispersion in the data.
compare means between two categorical variables. Model adequacy to the data was tested using Pearson's

111



Original article

Science & Healthcare, 2024 Vol. 26 (5)

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 RIS 15-64 1148 531 ,4; 153 §1 3,4; 9% (ée,e))
> 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%).

Values of the negative binomial regression model.

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.

Assessment Standard Deviation z-score Pr(>|z])
(intercept) -9.683 0.079 -122.937 0.0000 o
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 o
Male gender 1.846 0.062 29.929 0.0000 o
Pavlodar 0.273 0.057 4792 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.

2015 2018 2017 2018 2019 2020 202
Table 3.

Projected values of the suicide rate in Kazakhstan.
Year Suicide rate 95 % ClI

2024 20,9 20,1-21,8
2025 20,8 19,9-21,7
2026 20,7 19,7-21,6
2027 20,5 19,6 - 20,5
2028 20,4 19,4-20,4

(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. lli¢ 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 Marzo, 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
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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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