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LEADING CAUSES OF DEATH IN KAZAKHSTAN BEFORE AND DURING THE
COVID-19 PANDEMIC: A POPULATION-BASED STUDY

Resume: Changes in the leading causes of death inevitably occur during global pandemics, such as COVID-19.
We aimed to examine the dynamics and structure of deaths and characteristics of survival among the
population of the Republic of Kazakhstan before and during the COVID-19 pandemic.

Methods. Data on 248,494 deaths retrieved from the population register of the Republic of Kazakhstan during
the years 2019 and 2020 were analyzed to examine the structure and dynamics of deaths by gender, place,
and cause of death. Survival analysis was performed using the Kaplan-Meier method.

Results. The number of deaths among the Kazakhstani population in 2020 increased 1.32-fold compared
with 2019. This increase was due to an increase in infectious mortality and an increase in deaths from
common comorbidities of COVID-19: circulatory diseases, respiratory diseases, and diseases of the nervous
system. A greater increase in male deaths and out-of-hospital mortality (at home and elsewhere) was also
observed. We also observed a significant (p < 0.001) shift in the median survival time in males and females
from 2019 to 2020. The probability of death for males and females increased in the 40-50 and 80-90 years
age groups. The male population was characterized by lower survival rates for all causes of death (except
for deaths from malignant neoplasms and infectious diseases) compared with the female population.
Conclusions. The COVID-19 pandemic precipitated changes in the survival rate by gender, leading cause of
death, and place of death among the Republic of Kazakhstan population. This knowledge will help develop
differentiated measures to improve the health of the population of Kazakhstan.
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2. Anmamsi, KazaxcmaH

KA3AKCTAHOA COVID-19 NAHOEMUACBIHA
OEWIH XKOHE KE3IHOEI eniM-eNIMOEPOIH
HErI3ri CEBENTEPI: XANbIKTbl 3EPTTEY

OCHOBHbIE NMPU4YUHbI CMEPTU B KA3BAXCTAHE
A0 1 BO BPEMA NAHOEMWU COVID-19:
nonynAauMoOHHOE NCCNEOOBAHUE

TywniH: ©OniMHiH xeTekwi cebenTepiHiH, 3repyi MiHAETTI Typae

COVID-19 cusaktbl xahaHablk naHaemuns kesinge 6onaabl. bisgiH
MakcaTbiMblida COVID-19 naHaemusicbiHa OEWNiHTi )KoHe OHbIH Ke3e-
HiHAEe eniM-XITIMHIH AMHaMUKachl MEH KypbinbiMbIH XaHe KasakcTaH
Pecnybnukacbl xankblHbIH ©Mip Cypy epeKLenikTepiH 3epTTey 6ongbl.
9picTepi. XKbIHbICbI, 6MreH xepi MeH cebebi 6onbIHLLA eniM-XiTiM-
HiH, KypbInbIMbl MEH AMHaMKKacbkIH 3epaeney yuwiH 2019 xaHe 2020
Xbingapaarel Kazakctan PecnybnuvkachiHbIH XanblK TisiniMiHEH anblH-
faH 248 494 enim Typanbl gepekTep TangaHabl. Tipi kany Tangaybl
KannaHn-Mariep agicimeH >yprisingi.

Hoatmxenep. 2020 xbinbl KazakcTaH xankbl apacbiHAarb! ©MiM-XiTiv
2019 xbInMeH canbicToipFaHaa 1,32 ecere ocTi. Byn ecim xyknanbl
eniM-XiTiMHiH, apTybl )xaHe COVID-19 xwui keageceTiH kaTap XypeTiH
aypynap: kaH afiHanbIMbl XXyNeci aypynapbl, TbIHbIC any opraHgapbl-

Pe3tome: VIaMeHeHNs OCHOBHbIX MPUYUH CMEPTU HEN3BEXHO Npo-
MCXOQAT BO BpeMs rnobanbHbIX naHaeMun, Takux kak COVID-19.
Hawwewn uenbto 661110 M3yunTb AUHAMUKY U CTPYKTYPY CMEPTENbHbIX
MNCXOA0B 1 0COBEHHOCTUN BbbKMBaHWUS HaceneHus Pecnybnuku Kasa-
XCTaH 40 1 Bo BpeMs naHgemum COVID-19.

MeTtoabl. NS n3y4eHns CTpyKTypbl ¥ AUHAMUKA CMEPTHOCTHM MO
nosny, MecTy 1 NpuymMHe cMepTH BbINU NpoaHanu3VpoBaHbl AaHHbIE
0 248 494 cny4vasx cmMepTu, NONy4YeHHble N3 perucTpa HaceneHnsi
Pecnybnukn KasaxctaH 3a 2019 n 2020 rogbl. AHan13 BbbkmBae-
MOCTV NpOBOAMNM C Ucnonb3oBaHvem metoga KannaHa-Mewnepa.
Pe3ynkraTtbl. KonuyecTBo cnyyaeB cMepTy cpeay Ka3axCTaHCKo-
ro HaceneHus B 2020 r. ysenuuunock B 1.32 pasa no OTHOLUEHWIO
k 2019 . 3TO yBENMYEeHne NPOM30LLIIO 3a CHET pocTa MHPEKLMOH-
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HbIH aypynapblHaH 6onaTbiH enimM-XiTiMHIH apTybl ecebiHeH 6ongpbl. ,
TbIHbIC any OpraHAapbIHbIH aypynapsbl , XXYyNKe XYMWECIHIH aypynapsbl.
CoHpaii-ak epnep eniMiHiH XXaHe KoFaMHaH anblHFaH eniMHiH (yrae
XoHe backa xxepriepae) antapnblkram ecyi 6ankangpl. bis coHgan-
-aK 2019 xbingan 2020 xbinFa AeriH epnep MeH avengepaid opta-
LA emip Cypy yakbITbiHbIH antapnbiktan (p < 0,001) aybicyblH 6an-
Kagblk. Epnep meH ariengepaid enim biktumanabiFbl 40-50 xaHe 80-
90 >xac TonTapblHAa ecTi. Epnep nonynsaumsacel aiengep nonyns-
LUMsAICbIMEH canbICTbipFaHaa eniMHiH 6apnblk cebentepi 6ombiHWa
(kaTepni icikTep MeH XyKnanbl aypynapgaH 6onatbiH enimai kocna-
faHOa) ToeMeH eMip cypy AeHreriMeH cunattangbl.
KopbiTbiHgbINap. JuHamuka 6ombiHLLA (6TKEH Ke3eHre KaTbICTbI
COVID-19 naHgemusicel kesinge) Kasakctan Pecnybnukachl xan-
KbIHbIH ©niMi MeH Tipi kany cebenTepiHiH KypbinbIMbl ©3repai gereH
KOpbITbIHAbI XacayFa 6onagbl. CoHbIMEH KaTap, Tipi Kany XblHbICbI-
Ha, coHpgan-ak Herisri cebenke (ICD-10) xoHe enim opHbiHa Banna-
HbICTbI anTapnbIKTan esrepesi.

Byn 6inim KasakcTtaH xankblHblH, AeHCaynbIfbIH XakcapTy 60MbIH-
La capanaHfaH Wwapanapgbl a3ipneyae nangansl 60nybl MyMKiH.
Tyningi ceagep: COVID-19, enim, emip cypy, XxanbiKkTbl 3epTTey,
KasakctaH Pecnybnukacsl, emip cypy Tangaybi.

Introduction. Understanding medical and demographic
processes is important for determining population indica-
tors and planning the long-term production of material re-
sources (1, 2, 3, 4). Determining death and survival rates
helps health researchers to identify vulnerable groups in
the population and assess the quality of medical care (5,
6, 7, 8). In the context of the current COVID-19 pandemic,
differences in deaths and survival rates between different
groups of the population serve as criteria for the risk of
death from the disease, which must be considered when
making management decisions on the allocation of med-
ical and non-medical resources (9, 10, 11, 12).

Over the past decade, cardiovascular diseases, cancer,
and diseases of the digestive system were the leading
causes of death in the Kazakhstani population (13). With
the spread of COVID-19 in Kazakhstan since March 2020,
the infectious mortality rate has increased. According to
data from the Kazakh official register of deaths “Deaths
Certifying Register” as of December 2021, the frequen-
cy of death from a confirmed COVID-19 infection was
>12,500 cases in the Republic of Kazakhstan (14). At the
same time, the incidence of disease was >1 million. These
statistics vary depending on the source (15).

Much research has been conducted to assess mortality
and population survival rates in different countries during
the COVID-19 pandemic (16, 17, 18, 19, 20). Most studies
have found that the excess mortality increased dramati-
cally with age, and men were at increased risk of death
in all age groups. Life expectancy at birth decreased by

HON CMEPTHOCTW U pOCTa CMEPTHOCTM OT OBLLMX COMYTCTBYOLLMX
3abonesaHun COVID-19: 6onesHen cuctemMbl KpOBOOOpaLLeHus,
6onesHel opraHoB AbixaHus, bonesHen opraHoB AblxaHusi, bones-
HeWn HepBHOM cucTeMbl. Takke Habnoganock 6onbluee yBenuye-
HWE CMEPTHOCTU MY>XUNH N BHEOONMBbHUYHOM CMEPTHOCTU (OOMa U B
apyrmx mectax). Mbl Take Habnoganu goctosepHbin (p < 0,001)
CABWI MEQVAHHOIO BPEMEHW BbXKMBAHUS MYXYUH 1 XXeHWwuH ¢ 2019
no 2020 rog. BeposaTHOCTb CMEPTU MY>XHUH U XKEHLLMH yBENu4nBa-
nacb B Bo3pacTtHbIx rpynnax 40-50 n 80-90 net. Myxckoe Hacene-
HVe XapaKTepr3oBanochb 6omnee HU3KMMK NokasaTensiMu BbhkuBae-
MOCTM MO BCEM MPUYMHAM CMEPTU (KpOME Cry4aeB CMepTU OT 3110-
KayeCTBEHHbIX HOBOOOPa3oBaHMI N MHEKLMOHHbIX 3aboneBaHnit)
MO CPaBHEHWIO C KEHCKMM HacemneHuem.

BbiBoabl. OCHOBHOW BbIBOA, KOTOPbIA MOXHO cAenatb, 3aknoyaer-
Cs1 B TOM, 4YTO B AnuHamuke (B nepuog naHgemum COVID-19 no oTHo-
LUEHWIO K MpeablayLlemy nepuoay), U3MeHunach CTpyKTypa npuymH
CMepTV 1 BbKMBAEMOCTH cpean HaceneHns Pecnybnukm KazaxcraH.
[Mpwn 3TOM, BbKMBAEMOCTb CYLLECTBEHHO Pa3nMyaeTcsi o npusHa-
Ky nona, a Takke no ocHoBHomn npuynHe (MKB-10) n mecty cmepTu.
[aHHble 3HaHWs MOryT ObITb NonesHbl Npu pa3paboTke AnddepeHum-
POBaHHbIX MEPOMPUATUI NO O3[0POBNEHMIO HaceneHns KasaxcraHa.
KnroueBbie cnoBa: COVID-19, cMepTHOCTb, BbKMBAEMOCTb, MO-
nynsiynmoHHoe nccnegosanHve, Pecnybnuka KasaxcraH, aHanms Bbl-
KMBaeMOCTH.

0.9 and 1.2 years for women and men, respectively, com-
pared to 2019 levels. Studies comparing COVID-19 with
premature mortality caused by three other global com-
mon causes of death: cardiovascular diseases, road ac-
cidents, and seasonal influenza also exist. Statistical da-
ta on the indicators of morbidity, recovery, and the num-
ber of deaths from COVID-19 by region and life expec-
tancy can be found in Kazakhstani scientific publications.
However, few have assessed the structure and dynamics
of death and survival rates among the Kazakhstani popu-
lation in the context of the current pandemic. This knowl-
edge gap makes it difficult to carry out targeted activities
with effective management decisions in the field of pub-
lic health. We thus aimed to study the characteristics of
the structure and dynamics of deaths and survival rates
among the population of the Republic of Kazakhstan be-
fore and during the COVID-19 pandemic.

Materials and Methods. This was a retrospective study
using descriptive and analytical statistics. Data were re-
trieved from the official register ("Register of attached pop-
ulation") of the Republic of Kazakhstan on fatalities ("Reg-
ister of death certificates") for 2019 and 2020. A total of
248,494 deaths were analyzed (continuous observation,
population data).

The structure and dynamics of deaths among the Kazakh-
stani population were studied. The frequency of deaths
was analyzed by gender, age, nosological forms [accord-
ing to the International Classification of Diseases — 10th
Revision (ICD-10)], and the place of death. Also, the fre-
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quency of deaths among the younger population of Ka-
zakhstan was examined. The specific gravity and stan-
dard error of the mean were calculated.

Survival analysis was performed using the Kaplan-Mei-
er method. Survival plots were drawn, and the mean and
median survival times, the proportion of survivors, and the
survivorship function were calculated. The temporary vari-
able was age (age-related survival). All deaths were un-
censored. Differences in the survival rate depending on
the year of death (2019 and 2020), gender, age (in 10-year
intervals), nosological forms (according to ICD-10), and
place of death (hospital, home, or elsewhere) were an-
alyzed. Comparative analysis was carried out using the
Wilcoxon test (Gehan) and the log-rank test. The null hy-
pothesis (no difference) was rejected if p < 0.05. Micro-
soft Excel and the SPSS Statistics package (IBM) were
used for statistical processing.

Results. In 2019, there were 107,314 deaths due to all
causes among the population of the Republic of Kazakh-
stan. In 2020, there were 141,180 deaths, representing
a 1.32-fold increase compared with 2019. The absolute
increase in deaths in 2020 was 33,866; an increase of x

% (Table 1). When segregating the data by sex, we found
that the frequency of male deaths was 55,415 (51.6 +
0.15%) in 2019 and 73,648 (52.2 £ 0.15%) in 2020, rep-
resenting a 1.33-fold increase. Similarly, the frequency
of female deaths was 51,899 (48.4 + 0.15%) in 2019 and
67,532 (47.8 £ 0.15%) in 2020, representing a 1.30-fold
increase.

Compared with 2019, in 2020, the number of deaths re-
corded both in the hospital and at home increased by
1.71-fold and 1.21-fold, respectively. The main cause of
death in Kazakhstan in 2020 was due to circulatory dis-
eases (7,593), respiratory diseases (6,803), and diseas-
es of the nervous system (6,083). Compared with 2019,
there was an increase in the number of deaths from respi-
ratory diseases (1.48-fold), unspecified diseases/symp-
toms (1.42-fold), circulatory diseases (1.34-fold), diseas-
es of the nervous system (1.33-fold), and diseases of the
endocrine system, and digestive and metabolic disorders
(1.32-fold) in 2020.

Deaths among the younger population of Kazakhstan were
also analyzed. In 2020, the number of deaths in the 14-
29 years age group was 2,170 (1,453 males and 717 fe-

Table 1 - Frequency of deaths among the population of Kazakhstan during the years 2019
and 2020 (total, by gender, place of death, and the leading causes of death)

Year Absolute increase

2019 2020 in deaths
Total number of deaths 107314 | 141180 +33866
Gender
Male 55415 73648 +18233
Female 51899 67532 +15633
Place of death
Hospital 22752 38865 +16113
Home 75375 91307 +15932
Elsewhere 9187 11008 +1821
Leading causes of death (ICD-10 code)
Diseases of the circulatory system (100-199) 22087 29680 +7593
Inflammatory diseases of the central nervous system (G00-G99) 18255 24338 +6083
Acute upper respiratory infections (J00-J99) 14099 20902 +6803
Malignant neoplasms (C00-C97) 13214 13425 +211
Other diseases of the digestive system (K00-K93) 10085 11814 +1729
Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified (R00-R99) 7125 10114 +2989
Endocrine, nutritional and metabolic diseases (E00-E90) 4630 6106 +1476
Diseases of the genitourinary system (N00-N99) 4503 5233 +730
Injury, poisoning and some other consequences of external causes (T00-T98) 4051 4783 +732
Provisional assignment of new diseases of uncertain etiology or emergency use, Resistance to antimicrobial 0 3440 +3440
and antineoplastic drugs (U00-U85)
Injuries, poisoning and certain other consequences of external causes (S00-S99) 1843 2177 +334
Mental and behavioral disorders (F00-F99) 2147 2088 -59
Diseases of the musculoskeletal system and connective tissue (M00-M99) 1481 1587 +106
Certain infectious and parasitic diseases (B00-B99) 401 1568 +1167
Other diseases 3393 3925 +532
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males), whereas, in 2019, there were 1,886 deaths (1,281
males and 605 females). The leading causes of death
were injuries, poisoning, and other consequences of ex-
ternal causes (46.2 + 1.15% or 871 cases in 2019 and
45.8 £ 1.07% or 994 cases in 2020), malignant neoplasms
(10.7 £ 0.71% or 201 cases in 2019 and 8.8 + 0.61% or
192 cases in 2020), diseases of the nervous system (8.4
1+ 0.64% or 158 cases in 2019 and 6.9 + 0.54% or 149
cases in 2020), and circulatory diseases (7.3 £ 0.60% or
138 cases in 2019 and 8.2 £ 0.59% or 178 cases in 2020).
We next determined the average survival rates (Table 2).
After analyzing the statistical data, we found that the av-
erage survival time in the Kazakhstani population did not
markedly increase between 2019 and 2020: 67.0 years
(Cl1 95% 66.9 + 67.1) versus 66.7 years (Cl 95% 66.6 +
66.8), respectively (W =1.532, df = 1, p = 0.216).

The dynamics of the average survival rates were next
studied separately for males and females. Compared with
2019, in 2020, the average and median survival times in-

creased in the male population but decreased in the fe-
male population. These differences were statistically sig-
nificant (W = 26.910, df = 1, p < 0.001 for males; W =
36.446, df = 1, p < 0.001 for females). Consistently, the
median survival time in the female population was sig-
nificantly higher compared with the male population (W
=8470.366, df =1, p < 0.001 for 2019; W = 9441.914, df
=1, p<0.001 for 2020).

Compared with 2019, in 2020, the median survival time
increased significantly for deaths in the hospital (W =
261.383, df =1, p = 0.001) and decreased slightly for
deaths at home (W = 0.189, df = 1, p = 0.663).

We next looked at median survival time. We found that
in the period 2019-2020, there was a significant shift in
the median survival time for respiratory diseases (W =
219.400, df = 1, p £0.001), malignant neoplasms (W =
3.742, df = 1, p = 0.053), diseases of the digestive sys-
tem (W = 10.849, df = 1, p £ 0.001), unspecified diseas-
es/ symptoms (W =24.232, df = 1, p < 0.001), diseases

Table 2 - Average and median survival times for the population of Kazakhstan in 2019 and 2020

Year

2019 2020

Average survival
(years) [CI]

Median survival
(years) [CI]

Average survival
(years) [CI]

Median survival
(years) [CI]

Total for Kazakhstan

66.7 [66.6+66.8]

70.0 [69.9+70.1]

67.0 [66.9+67.1]

70.0 [69.9+70.1]

Gender

Males

62.5 [62.3+62.6]

65.0 [64.8+65.2]

63.3 [63.2+63.4]

66.0 [65.9+66.1]

Females

712 [71.1+71.4]

77.0 [76.8+77.2]

71.1[70.9+71.2]

75.0 [74.8+75.2]

Place of death

Hospital

56.1 [55.8+56.4]

62.0 [61.7+62.3]

60.0 [59.8+60.2]

64.0 [63.8+64.2]

Home

716 [715+71.7]

74.0 [73.8+74.2]

716 [71.5+71.7]

73.0 [72.8+73.2]

Elsewhere

52.8 [52.4+53.2]

54.0 [53.5+54.5]

53.3 [52.9+53.6]

54.0 [63.5+54.5]

Leading causes of death (ICD-10 code)

Diseases of the circulatory system (100-199)

66.7 [66.5+66.9]

68.0 [67.8+68.2]

66.6 [66.4+66.7]

68.0 [67.8+68.2]

Inflammatory diseases of the central nervous system (G00-G99)

743 [74.1+74.5]

79.0 [78.9+79.1]

74.8 [74.6+75.0]

79.0 [78.8+79.2]

Acute upper respiratory infections (J00-J99)

70.1 [69.8+70.4]

73.0 [72.6+73.4]

68.7 [68.5+68.9]

70.0 [69.8+70.2]

Malignant neoplasms (C00-C97)

62.1 [61.9+62.3]

63.0 [62.8+63.2]

61.9 [61.7+62.2]

63.0 [62.8+63.2]

Other diseases of the digestive system (K00-K93)

63.4 [63.1+63.7]

64.0 [63.7+64.3]

62.7 [62.4+63.0]

64.0 [63.7+64.3]

Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere
classified (R00-R99)

82.2 [81.8+82.6]

87.0[86.8+87.2]

81.8 [81.5+82.1]

86.0 [85.8+86.2]

Endocrine, nutritional and metabolic diseases (E00-E90)

69.6 [69.3+70.0]

71.0 [70.6+71.4]

69.4 [69.1+69.7]

70.0 [69.7+70.3]

Diseases of the genitourinary system (N00-N99)

71.1 [70.7+71.5]

73.0 [72.4+73.6]

70.2 [69.9+70.6]

72.0 [71.6+72.4]

Injury, poisoning and some other consequences of external causes (T00-T98)

44.1 [43.5+44.7]

440 [43.3+44.7]

44.7 [44.2+45.2]

45.0 [44.4+45 6]

use, Resistance to antimicrobial and antineoplastic drugs (U00-U85)

Provisional assignment of new diseases of uncertain etiology or emergency | -

66.9 [66.5+67.3]

68.0 [67.5+68.5]

Injuries, poisoning and certain other consequences of external causes
(S00-S99)

45.6 [44.7+46.5]

45.0 [43.7+46.3]

446 [43.8+45.4]

44.0 [43.0+45.0]

Mental and behavioral disorders (F00-F99)

80.3 [79.8+80.7]

82.0 [81.7+82.3]

80.5 [80.0+80.9]

82.0 [81.7+82.3]

Diseases of the musculoskeletal system and connective tissue (M00-M99)

74.7 [74.075.4]

78.0 [77.5+78.5]

74.3[73.6+75.0]

78.0 [77.4+78.6]

Certain infectious and parasitic diseases (B00-B99)

31.6 [29.6+33.6]

38.0 [36.6+39.4]

58.4 [57.4+59.3]

61.0 [60.2+61.8]
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of the genitourinary system (W = 9.164, df = 1, p = 0.002),
diseases of the endocrine system, eating disorders and
metabolic disorders (W = 462.295, df = 1, p < 0.001).

Having found the average survival time, we looked at the
average survival rates taking into account gender and
main causes of death for 2019 and 2020 (Table 3). We de-
tected significant differences in the median survival times
for males and females with: circulatory diseases (lead-
ing cause of death in males and second leading cause
of death in females) (log-rank for 2019, x 2 = 2009.619,

df =1, p £0.001; log-rank for 2020, x 2 = 2320.555, df =
1, p £0.001); diseases of the nervous system (third lead-
ing cause of death in males and leading cause of death
in females) (log-rank for 2019, x 2 = 1405.046, df =1, p <
0.001; log-rank for 2020, x 2 = 1801.158, df = 1, p < 0.001;
and respiratory diseases (second leading cause of death
in males and third leading cause of death in females) (log-
rank for 2019, x 2 = 861.425, df = 1, p < 0.001; log-rank
for 2020, x 2 = 604.781, df = 1, p < 0.001).

We also found that the median survival times for all caus-

Table 3 - Average and median survival times of the population of Kazakhstan during 2019 and 2020

Year

2019 2020

Average survival
(years) [Cl]

Median survival
(years) [CI]

Average survival
(years) [Cl]

Median survival
(years) [C]

Leading causes of death in the male population (ICD-10 code)

Diseases of the circulatory system (100-199)

63.3 [63.0+63.5]

64.0 [63.7+64.3]

63.4 [63.2+63.6]

64.0 [63.8+64.2]

Inflammatory diseases of the central nervous system (G00-G99)

69.7 [69.3+70.1]

73.0 [72.5+73.5]

709 [70.6+71.2]

73.0 [72.7+73.3]

Acute upper respiratory infections (J00-J99)

67.5 [67.2+67.9]

70.0 [69.7+70.3]

67.0 [66.8+67.3]

69.0 [68.7+69.3]

Malignant neoplasms (C00-C97)

62.2 [61.8+62.5]

63.0 [62.7+63.3]

62.3 [62.0+62.6]

64.0 [63.7+64.3]

Other diseases of the digestive system (K00-K93)

60.8 [60.4+61.1]

62.0 [61.6+62.4]

59.6 [59.3+60.0]

61.0 [60.6+61.4]

Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere
classified (R00-R99)

75.1 [74.3+75.9]

83.0 [82.5+83.5]

75.6 [75.0+76.2]

83.0 [82.7+83.3]

Endocrine, nutritional and metabolic diseases (E00-E90)

66.0 [65.3+66.6]

68.0 [67.3+68.7]

66.5 [66.0+67.0]

68.0 [67.5+68.5]

Diseases of the genitourinary system (N00-N99)

69.5 [68.9+70.0]

71.0 [70.3+71.7]

69.5 [69.0+70.0]

71.0 [70.4+71.6]

Injury, poisoning and some other consequences of external causes (T00-T98)

43.6 [43.0+44.2]

43.0 [42.3+43.7]

44.4 [43.9+45.0]

45.0 [44.3+45.7]

Provisional assignment of new diseases of uncertain etiology or emergency
use, Resistance to antimicrobial and antineoplastic drugs (U00-U85)

66.3 [65.7+66.]

67.0 [66.4+67.7]

Injuries, poisoning and certain other consequences of external causes
(S00-S99)

43.6 [42.6+44.5]

43.0 [41.6+44.4]

43.1 [42.3+43.9]

43.0 [42.0+44.0]

Mental and behavioral disorders (F00-F99)

76.4 [75.5+77.3]

80.0 [79.5+80.5]

76.7 [75.8+77.5]

80.0 [79.5+80.5]

Diseases of the musculoskeletal system and connective tissue (M00-M99)

724 [71.2+73.7]

76.0 [74.4+77.6]

722 [71.0+73.3]

75.0 [73.2+76.8]

Certain infectious and parasitic diseases (B00-B99)

33.9 [31.6+36.2]

39.0 [37.9+40.1]

57.5 [56.3+58.7]

60.0 [58.8+61.2]

The main causes of death in the female population

Diseases of the circulatory system (100-199)

712 [70.9+71.5]

74,0 [73.5+74.5]

70.8 [70.5+71.0]

73.0 [72.7+73.3]

Inflammatory diseases of the central nervous system (G00-G99)

77,6 [77.3+77.8]

81,0 [80.8+81.2]

77.7 [77.5+78.0]

81.0 [80.9+81.1]

Acute upper respiratory infections (J00-J99)

73,6 [73.2+74.0]

78,0 [77.7+78.3]

70.8 [70.5+71.1]

73.0 [72.6+73.4]

Malignant neoplasms (C00-C97)

62,0 [61.7+62.4]

63,0 [62.6+63.4]

61.5[61.1+61.8]

63.0 [62.6+63.4]

Other diseases of the digestive system (K00-K93)

66,6 [66.1+67.0]

68,0 [67.4+68.6]

66.6 [66.2+67.0]

68.0 [67.5+68.5]

Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere
classified (R00-R99)

86,0 [85.7+86.4]

88,0 [87.8+88.2]

85.6 [85.3+85.9]

87.0 [86.8+87.2]

Endocrine, nutritional and metabolic diseases (E00-E90)

717 [71.3+72.2]

73,0 [72.3+73.7]

71.1 [70.8+71.5]

72.0 [71.6+72.4]

Diseases of the genitourinary system (N00-N99)

72,9 [72.3+73.4]

76,0 [75.1+76.9]

711 [70.6+71.7]

73.0 [72.2+73.8]

Injury, poisoning and some other consequences of external causes (T00-T98)

45,7 [44.3+47 2]

47,0 [44.9+49.1]

45.6 [44.3+46.9]

46.0 [44.2+47 8]

Provisional assignment of new diseases of uncertain etiology or emergency
use, Resistance to antimicrobial and antineoplastic drugs (U00-U85)

67.6 [67.0+68.2]

69.0 [68.3+69.7]

Injuries, poisoning and certain other consequences of external causes
(S00-S99)

52,2 [49.9+54.5]

55,0 [51.6+58.4]

49.6 [47.4+51.8]

50.0 [46.8+53.2]

Mental and behavioral disorders (FO0-F99)

82,3 [81.8+82.8]

83,0 [82.6+83.4]

82.5 [82.0+82.9]

83.0 [82.6+83.4]

Diseases of the musculoskeletal system and connective tissue (M00-M99)

75,7 [74.9+76.6]

80,0 [79.4+80.6]

75.4 [74.5+76.2]

80.0 [79.4+80.6]

Certain infectious and parasitic diseases (B00-B99)

28,1[24.4+31.7]

33,0 [29.136.9]

59.5 [58.0+61.0]

63.0 [61.7+64.3]
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es of death were significantly shorter in the male popula-
tion than in the female population, except for malignant
neoplasms (ICD-10 codes C00-C97) and infectious and
parasitic disease (ICD-10 codes B00-B99).

In our final analyses, we calculated the probabilities of sur-
vival (proportion of survivors and the cumulative survival
function) for Aimaty residents during the years 2019 and
2020 (Table 4). In both 2019 and 2020, the highest pro-
portion of survivors was in the 10-20 years age group, and
the lowest proportion of survivors was in the =90 years age
group. In the male population, the number of survivors in
the <10 years, 40-50 years, and 50-60 years age groups
increased by 1%, and the number of survivors in the 70-
80 years and 90-100 years age groups decreased by 1%
in 2020 compared to 2019. In the female population, the
number of survivors in the 50-60 years and 80-90 years
age groups decreased by 1%, the number of survivors in
the 60-70 years age group decreased by 2%, the number
of survivors in the 100-110 years age group increased by
5% and the number of survivors in the 110-120 age group

increased by 7% in 2020 compared to 2019.

The probability of survival in 2019 and 2020 was signifi-
cantly less for males than for females in all age groups.
When comparing the indicator, the proportion of survivors
for 2020, the probability of survival in males was less than
for women in the age groups: 30-40 years (by 3%), 40-
50 years (by 4%), 50-60 years (by 9%), 60-70 years (by
18%) 70-80 years (by 18%), and 80-90 years (by 9%).
Calculation of the cumulative survival function showed
that, in general, the cumulative survival rate in the male
population increased by 1-2% over time. In the female
population, the dynamics of survival were ambiguous;
the survival rate increased by 1% in the 10 to 40 years
age group and decreased by 1% in the 60 to 90 years
age group.

Discussion. Numerous countries have reported that as
a result of the COVID-19 pandemic, significant changes
in population health, namely the leading causes of death,
death rates, and survival rates, have occurred. Here, we
aimed to examine these parameters among the popu-

Table 4 - Probabilities of survival for the population of Kazakhstan during the years 2019 and 2020

(in age intervals, by gender)

2019 2020
Gender | AG8 interval Propot:t “;’.‘I.ff tshurtvixors Survival function Propot:t “;’.‘I.ff tshurtvi\r/]ors Survival function
(years) efg:t \i]/illI Inil)t oaccurein (probabillity of survi‘val; efg:t \i]/illI :g)t oaccurein (probabillity of survi.val;
the studied age range) cumulative proportion) the studied age range) cumulative proportion)

Male 0 0.97 0.97 0.98 0.98

10 0.99 0.96 0.99 0.97

20 0.98 0.94 0.98 0.96

30 0.95 0.90 0.95 0.91

40 0.90 0.81 0.91 0.82

50 0.79 0.64 0.80 0.66

60 0.59 0.38 0.59 0.39

70 0.47 0.18 0.46 0.18

80 0.14 0.02 0.14 0.02

90 0.02 0.00 0.01 0.00

100 0.00 0.00 0.00 0.00
Female 0 0.98 0.98 0.98 0.98

10 1.00 0.97 1.00 0.98

20 0.99 0.96 0.99 0.97

30 0.98 0.94 0.98 0.95

40 0.95 0.90 0.95 0.90

50 0.90 0.81 0.89 0.81

60 0.79 0.63 0.77 0.62

70 0.64 0.40 0.64 0.39

80 0.24 0.10 0.23 0.09

90 0.03 0.00 0.03 0.00

100 0.03 0.00 0.08 0.00

110 0.00 0.00 0.07 0.00

120 0.00 0.00
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lation of the Republic of Kazakhstan before and during
the COVID-19 pandemic to study and compare the main
death causes.

We leveraged data available from the official registers of
the Health Ministry of the Republic of Kazakhstan, “Regis-
ter of population” and “Death certifying register,” and found
that the number of deaths in the Kazakhstani population
in 2020 increased by 1.32-fold (33,866 cases) compared
to 2019. The increase in the number of deaths was large-
ly due to deaths among the male population due to sta-
tionary mortality, at the expense of those who died from
circulatory diseases, diseases of the respiratory system,
diseases of the nervous system, and diseases with the
ICD-10 code U00-U85, used for provisional assignment
of new diseases of uncertain etiology or emergencies. It
is noteworthy that the listed causes of death are common
comorbidities of COVID-19. There may be inaccuracies/
errors in the statistical recording of deaths, such as errone-
ous registration of nosological forms instead of COVID-19.
Additional research is needed to verify this possibility.
Young people aged between 14 and 29 years in Kazakh-
stan are characterized by a high frequency of deaths in
the male population; the leading causes of death are in-
juries, poisoning, and other consequences of external
causes, malignant neoplasms, diseases of the nervous
system, and deaths from circulatory diseases. These re-
sults highlight the need to develop appropriate preven-
tive measures.

Results from our analysis also revealed interesting chang-
es in the places of death. During the COVID-19 pandem-
ic, healthcare systems around the world, including Ka-
zakhstan, were overburdened, increasing out-of-hospital
mortality. Consistently, our results indicated an increase
in the number of deaths at home and elsewhere.
Analysis of the average survival rates indicated no change
in the median survival time of the Kazakhstani population
before and during the current pandemic. However, signif-
icant (p < 0.01) shifts in the median survival times of the
male (65 years — 66 years) and female (77 years — 75
years) populations were observed. Significant differenc-
es in survival (in structure and dynamics) by gender con-
tributed to the smoothing of the nationwide survival rate,
resulting in changes in overall survival before and during
the COVID-19 pandemic being invisible.

The difference in the median survival times in males and
females, taking into account the causes of death, is con-

vincing evidence that gender is of predictive value. Gen-
der inequality in survival should be highlighted; the male
population is characterized by lower survival rates com-
pared with the female population. In addition, the leading
causes of death in males and females were established
as circulatory diseases and diseases of the nervous sys-
tem, respectively. Consequently, we would urge the im-
provement of preventive measures by optimizing early de-
tection and dynamic monitoring of these diseases at the
primary level of medical care.

Examination of the probabilities of survival for certain age
groups, taking into account gender, indicated significant
differences in survival for male and female populations.
The probability of survival for Kazakhstani males is sig-
nificantly lower than for females in all age groups. The
probability of death (averaged for the years 2019 and
2020) was 9.5% for males and 5% for females aged 40—
50 years, 20.5% for males and 10.5% for females aged
50-60 years, 41% for males and 22% for females aged
60-70 years, 53.5% for males and 36% for females aged
70-80 years, and 86% for males and 76.5% for females
aged 80-90 years.

Compared with 2019, during the COVID-19 pandemic in
2020, the male population of Kazakhstan was character-
ized by an increase in cumulative survival of 1-2% in the
0—60 years age group and no change in cumulative sur-
vival in the over 60 years age group. The female popula-
tion was characterized by an increase in cumulative sur-
vival of 1% in the 0—40 years age group, an absence of
dynamic changes in survival in the 40-60 years age group,
and a decrease in cumulative survival of 1% in the 60—
90 years age group.

In summary, the results of this study can be applied to the
formation of health policy. A limitation of the study is the
inadequacy of material in the statistical register, which
made it difficult to conduct a larger-scale study with the
inclusion of more predictors in the analysis.
Conclusions. In conclusion, the dynamics of the structure
of causes of death and survival rate among the population
of the Republic of Kazakhstan was changed during the
COVID-19 pandemic in 2020 compared with the pre-pan-
demic year of 2019. Also, the survival rate differed sig-
nificantly by gender, main cause (according to ICD-10),
and place of death.

This knowledge will help develop differentiated measures
to improve the health of the population of Kazakhstan.
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Bknap aBTOpOB. BCce aBTOpPbI NPYHUMany paBHOCUIbHOE y4acTue Npu HanucaHuy AaHHON CTaTby.

KoHnuKT nHTepecoB — He 3asBreH.

[aHHbIl MaTepuan He Obin 3asiBNeH paHee, Ans nybnvkauuy B pyrnx nsfaHnsx U He HaxoaMTCst Ha PacCMOTPEHUM APYrMMU n3naTesb-
ctBamu. [Npu npoBeaeHnn faHHOM paboThl He GblNo PUHAHCUPOBAHKS CTOPOHHUMM OpraHN3aLUsSIMN U MEAULIMHCKMMW NPEACTaBUTENbCTBA-
Mu. PuHaHCMpoBaHME — He NPOBOAMIIOCH.

ABTopnapabIH yneci. bapnblk aBTopnap ocbl MakanaHbl xasyra TeH Aspeene KaTbICTbl.

Myagnenep KakTbiFbICbl — MaTiMAENTEH XOK.

Byn matepuan 6acka 6acbinibiMaapaa xapusnay yuwii 6ypeliH ManimaenviereH xxeHe 6acka G6acbinbiMaapAblH kKapaybiHa YCbIHbINIMaraH.
Ocbl KYMbICTbI XYPridy Ke3iHAe CbIpTKbl yiibiMAap MeH MeauuMHanbIK eKingikTepaid KapxKblnaHablpybl )acasfaH xok. KapxkblinaHabipy
Xyprisinveai.
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