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ABSTRACT

Background. Infections associated with socially significant diseases considerably contribute to a decrease in the quality of public health.
Tuberculosis, though declining in Russia, is still recognized as a pressing public health problem. Meanwhile, an assessment of the burden of
tuberculosis on society, using such comprehensive methods as measuring disability-adjusted life years, is yet to be investigated in Russia.
Objective. To estimate the tuberculosis burden by calculating the index of disability adjusted life years in a high-density region. Methods.
The retrospective cohort study involved data on newly-diagnosed and died of tuberculosis cases that corresponded to the annual reporting
form of federal statistical surveillance No. 8 “Information on active tuberculosis cases” for the Republic of North Ossetia-Alania; informa-
tion on patients who died of tuberculosis or tuberculosis combined with infection caused by human immunodeficiency virus, was obtained
from the Department of Civil Status Records of the Republic of North Ossetia-Alania and verified with data from the Federal State Statistics
Service; data on tuberculosis-associated disability was received from Main Bureau of Medical and Social Expertise in the Republic of North
Ossetia-Alania of the Ministry of Labor and Social Protection of the Russian Federation for 2018 and 2022. Following the analytic dataset,
691 people with newly-diagnosed tuberculosis, who received TB-associated disability and died from TB in 2018 (318 people) and 2022 (373
people) were identified. The study involved calculation of gender and age standardized TB morbidity and mortality rates as well as DALY
index with its components: Years of Life Lost due to tuberculosis and Years Lost due to Disability. The study involved comparing data be-
tween 2018 and 2022 and gender/age-specific indicators within the same year. Mathematical data processing was performed using Microsoft
Excel 2017 (Microsoft Corporation, USA) and SPSS 26.0 (SPSS Inc., USA). Differences between the compared indicators were evaluated
by Chi-square criterion with variations, the initial data were grouped in a contingency table, the significance of differences was expressed
by p-value. Results. The burden of tuberculosis in the Republic of North Ossetia-Alania refers predominantly to the male population: with
a gender difference in the decrease in the disability-adjusted life years in 2018 and 2022 by 4.4 and 9.0 times (p < 0.05), respectively; 2.8
times among males, 5.5 times among females (p < 0.05). The burden of tuberculosis is mainly associated with premature mortality due to
tuberculosis among males aged 35-54 years and among females aged 35—44 years with a pronounced decrease in Years of Life Lost. Years
of Life Lost among males aged 20—34 in 2022 appears two times higher than the cohort average. The increase in Years of Life Lost among
males aged 60—64 accounted for 1.7 times, in Years Lost Due to Disability — 11.2 times (p < 0.05). Years Lost Due to Disability among
females aged 20—44 years appeared to be the highest, exceeding the cohort average by more than two times in 2018. Conclusion. The burden
of tuberculosis is predominantly due to tuberculosis-related premature mortality among the male population. According to the disturbing
conclusion, Years of Life Lost among young males aged 2034 years and tuberculosis-related premature mortality shift towards the male
population of pre-retirement age (60—64 years) with an increase in Years Lost Due to Disability among them. Notably, the study reveals
high rates of Years Lost Due to Disability among females aged 20—44. The results obtained should be taken into account when developing
regional tuberculosis programs with their targeted use in “vulnerable” age and gender groups of the population.
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AHHOTAIIMA

Beenenne. ConnanbHO 3HAUMMBIE HH(EKIIMN BHOCAT CYIIECTBEHHBIN BKJIAJ| B CHIDKEHHE KayecTBa OOIECTBEHHOIO 30pOBbs. TyOepKyies,
HECMOTpS Ha CHIDKCHHE TOKa3areneid B Poccuu, Bee eme octacTcsl akTyaJIbHON MPOOIEMOi 3ApaBOOXpPAaHEHUS. MeXIy TeM HCCIIEIOBAHUS
IO OlleHKe OpeMeHU TyOepKyie3a, OKa3blBaeéMOro Ha OOIIECTBO, C MPUMEHEHHEM TaKMX KOMIUIEKCHBIX METOIOB, KaK BBIYMCIICHHE MHIEKCA
Disability adjusted life years (WHIeKC TOTEPSHHBIX JIET )KU3HH C TIOMPABKOH Ha HHBAJIMIHOCTB), B HAllIeH CTpaHe JI0 CHX MOp BeChMa Or'paHIYCH-
Hbl. Leap ueciieqoBanns — oneHka OpeMeHH TyOepKyse3a ¢ BBIYUCIEHHEM KOTMYECTBa MOTEPSHHBIX JIET KU3HU C MONPABKON HA MHBANU-
HOCTB B PETHOHE C BEICOKOH INIOTHOCTHIO HaceneHus. MeToabl. B KoropTHOE peTpOCIeKTHBHOE HCCIIeI0BaHNE BKIIIOUEHBI JAHHEIE 10 BIIEPBHIE
BBISIBJICHHBIM CITy4asiM U YMEpPIINM OT TyOepKyie3a, COOTBETCTBOBABIINE €XKETOAHOH oTUeTHOH (hopme (heaepaTbHOro CTaTHCTHYECKOTO Ha-
omronennst Ne 8 «CeneHust 0 3a00J€BaHUX aKTUBHBIM TyOepKyiie3om» 1o Pecrryomnmke CeBeprast Ocetnst — Ananusi; HHGOpMALUs 110 yMep-
MM OT TyOepKyJie3a MaueHTaM, B TOM YHCIIe ¢ COUeTaHHeM ¢ MH(EKIuel, BEI3BAaHHON BHPYCOM HMMYHOAE(HINTA YEIOBEKA, MOy IeHHASL
u3 YIpaBieHHs 3allUCH aKTOB rpaxkaaHckoro coctosHus PecmyOnuku CesepHas Ocetus — AnaHus U cBepeHHas ¢ AaHHbIMU DenepanbHoi
CITy>KOBI TOCYIapCTBEHHOM CTaTUCTUKY; JaHHBIC 110 HHBAJIMIHOCTH B CBSI3H C TYOEpKYJIe30M, IIOIy4YeHHBIE U3 (he[iepaIbHOro Ka3eHHOro yupe-
xaeHus «I maBHOe O10pO MEAMKO-CcOLMAIBHOM SKciepTH3bl o Pecmyomnke CeBepHast Ocetns — AnaHusi» MUHUCTEpCTBA TPYAA U COLUATBHON
3amuThl Poccniickoit @enepannu 3a 2018 n 2022 rr. Ha ocHOBe aHamM3a MaccuBa JaHHBIX BbIIeNeH 691 4enoBek ¢ BIIEPBBIE BEISIBICHHBIM TyOep-
KYJIe30M; IOy YUBIITE HHBAJIUIHOCTE B CBA3H € TyOepKyse3oM 1 ymepinue ot Hero B 2018 (318 yenosek) u 2022 rogax (373 yenoseka). Beruncite-
HBI CTaHIapTH30BAHHBIC MMOJIOBO3PACTHHIC MOKA3aTENIN 3a00JICBAEMOCTH M CMEPTHOCTH OT TyOepKyJie3a, Takke HHIekenl Disability adjusted life
years ¢ ero cocTapistomuMu: Years of life lost (moTepssHHBIC TOIBI JKU3HH U3-32 3200I€BAEMOCTH H ITPEXK ICBPEMEHHON CMEPTHOCTH) OT TyOEepKYy-
ne3a u Years lost due to disability (moTepsiHHBIE TObI XKU3HHU 110 IPUYKMHE HHBATUAHOCTH). CpaBHHBaIUCH AaHHbIe Mexay 2018 u 2022 rogamu,
TaKKe MOJIOBO3PACTHBIE ITOKA3aTeNIn BHYTPH OIHOrOo roja. Maremarndeckas 00pabOTKa TaHHBIX BHINONHEHa Ha 06a3e mporpamMMsl Microsoft
Excel 2017 (Microsoft Corporation, CILIA) u mporpammsl SPSS.26.0 (SPSS Inc., CLLIA). Paznuuus cpaBHUBacMBIX ITOKa3aTeNei OLEHNBAIHNCH
0 KPUTEPUI0 XH-KBaJgpaT C JAOMOJHEHHSIMH, C TPYIIIMPOBKON MCXOAHBIX JIaHHBIX B BHJE TaOJIMIBI CONPSIKCHHOCTH, YPOBEHb 3HAYHUMOCTH
pas3nu4uii BeIpaxkaics o p-value. Pesynbrarsl. Bpemst TyGepkynesa B Pecriybnmke CeepHast OceTust — AnlaHNS IPEUMYIIECTBEHHO HECET
MYKCKO€ HACCJIEHUE: ¢ MEXKTCHACPHBIM PAa3JINYUEM CHMIKCHHUS MOKA3aTeIsd NHACKCA NOTEPAHHBIX JIET )KU3HU C l'lOl'[paBKOﬁ Ha MHBAJIUJHOCTh
B 2018 . m 2022 1. B 4,4 1 9,0 paza (p < 0,05) COOTBETCTBEHHO; CpeIy My 4YUH — B 2,8 pasa, cpeau xeHmuH B 5,5 paza (p < 0,05). OcHoBHOE
OpeMs TyOepKyse3a 00yCIOBIEHO MPEKIEBPEMEHHOI CMEPTHOCTBIO OT TYOepKyJie3a, IPEeUMYIIECTBEHHO Cpey MY KYHH Bo3pacTta 35—54 ner;
cpeny xeHIuH 35—44 net, ¢ BEIpaXKeHHBIM CHIDKeHHeM uHjekca Years Life Lost cpenn Hux. Mnnekce Years Life Lost cpenu rpynns! Mys>x4nH
20-34 roma B 2022 1. 6611 B 2 pa3a BhIIIE CPEIHUX JaHHBIX KOropThl. PocT Years Life Lost cpenu rpynmsr my>xuna 60—64 net coctasun 1,7 pasa,
a poct Years Lost Due to Disability — B 11,2 pasa (p < 0,05). Uuaekc Years Lost Due to Disability cpenu sxeniis Bozpacta 20—44 net ObLT Ha-
nboJee BEICOKNM, ITPEBBICHB CPEAHUH ITOKa3aTellb KOropTHI Ooee deM B 2 pasa B 2018 r. 3ak.mouenue. bpems TyOepkysesa mpenMyIecTBEHHO
00YyCIIOBIIEHO MTPEXIEBPEMEHHOM CMEPTHOCTBIO OT HETO CPEiU MY>KCKOT0 HaceneHus1. HacTopakuBaroT OTepH >KM3HEHHOT0 MOTEHLIMAa CPen
I'PYIIIB MY KYHH MOJIOZIOT0 Bo3pacTa 20—34 JIeT 1 cMelleHHe IPEeKAeBPEMEHHOH CMEPTHOCTH OT TyOepKyJie3a B CTOPOHY MYIKCKOTO HaceJIeHHUS
MIPEATIEHCHOHHOTO Bo3pacTa 60—64 sieT Ha ¢oHe pocTta Years Lost Due to Disability cpean aux. Taxke oOparmator Ha cebsi BHUMaHHE BBICOKHE
noka3areny Years Lost Due to Disability cpenu xenmun 20—44 ner. [TomydyeHHbIe pe3yIsTaThl HEOOXOIMMO yUUTHIBATh IIPH pa3paboTKe peru-
OHAJIBHBIX IIPOTPAMM II0 TyOepKyJie3y C IIeJIeHalPaBICHHBIM HCIIOIb30BAHIEM PECYPCOB B «YSI3BUMBIX) ITOJOBO3PACTHBIX IPYyTIIIaxX HACETICHHUS.
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UCTOYHUKHN ®PUHAHCUPOBAHMUS: aBTOpEI 3asBIAIOT 00 OTCYTCTBHH CIIOHCOPCKO# MOAACPIKKH MPHU MPOBEIACHUH UCCIICTOBAHMS.
KOH®JIUKT HHTEPECOB: aBTOpHI 3asBISIOT 00 OTCYTCTBHH KOH(PINKTAa HHTEPECOB, CBA3aHHBIX C MyOIMKalNeii HACTOSAIICH CTaThH.
JEKJAPALIUSA O HAJIMUNUU JAHHBIX: nanHbIe, MOATBEPKIAIOIINAE BEIBOJIBI HACTOSIIETO UCCIIEIOBAHUS, HE SIBISIOTCSA 00IIe0-
CTYIHBIMH, OHH TIOJIyYeHBI aBTOPAaMH B XOJI€ IPOBEACHUS UCCIEAOBAHUS; IPH HEOOXOIUMOCTH UX MOXHO 3allPOCHTH Y KOPPECTIOHAUPY-
IOIIETo aBTOpa. JJaHHBIE M CTAaTHCTUYECKUE METOABI, IPEJCTABICHHBIE B CTaThe, IIPOLLIN CTATUCTHYECKOE PEIEH3UPOBAHUE PEIaKTOPOM
KypHaa — CepTUPULIUPOBAHHBIM CIIEI[HATUCTOM I10 OMOCTaTHCTHKE.

COOTBETCTBHUE NIPUHLUIIAM DTUKMU: [IpoBencHue ucciaeqoBaHus 0J00PEHO JIOKATHHBIM STHYECKUM KOMUTETOM I10 SKCIIEPTHU-
3€ JIHUAEMHOJIOTMYECKHX U COLHOJIOTHUECKUX NUCCIEeOBaHUH B chepe 0OIMEeCTBEHHOTO 3J0POBbS M 3[PABOOXPaHEHUs TP (eepatbHOM
rocyapCTBEHHOM OIO’KETHOM HAyYHOM yupexaeHUH « HanoHanbHbIM HayYHO-UCCIIEA0BATEIBCKII HHCTUTYT O0IIECTBEHHOTO 3/10POBbsI
nmenu H.A. Cemamiko» (yn. Bopormogo Ilomne, 12, ctp. 1, r. Mocksa, Poccus), 3akmouenue Ne 15/2023 ot 25.01.2023 1.
BJATOJAPHOCTD: aBTOpHI BRIpaKaloT 0J1arogapHOCTh COTPYAHHKAM OPraHU3AI[OHHO-METOIUYECKOr0 OT/ea roCcyIapCTBEHHOIO
OFO[KETHOTO YUPEKACHUS 3paBOOXpaHeHus « PecyOmiKaHCKUN KITMHUYECKIH HEHTP GTU3HOMYIEMOHOIOTHNY MUHICTEPCTBA 3APaBO-
oxpaHeHus: Pecniy6onuku CeBepnas OceTusi — AnaHus 3a IOMOIIb B IPOBEICHUH HCCIICIOBAHUSI.

BKJIAJL ABTOPOB: 3.M. 3arasin, H.B. Ko6eco, M.K. Ilaruea, M./l. Bacunbes, A.C. ['anossH — pa3paboTka KOHLUEIIINN U AU3aiiHa
uccinenoBanus; M.K. [TarueBa, M. /1. Bacunbes, A.C. I'anossH — c60p nanubix; 3.M. 3argsi, H.B. Ko6ecos, M.K. [1aruesa, M./l. Bacuibes,
A.C.TanosiH — aHanu3 ¥ HHTepHperanus pe3ynsraro; 3.M. 3arasia, M.K. ITaruesa, M./l. Bacunbes, A.C. I'anosiH — 0030p nuTepaTyphl,
MpOBEICHHUE CTaTUCTHYecKoro aHanu3a; 3.M. 3arnera, M.Jl. Bacunses, A.C. ['anosiH — cocTaBlieHUE YEPHOBHKA PYKOIUCH B (HOPMHUPO-
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C BHECEHHEM IIEHHOTO 3aMEYaHHs MHTEJUIEKTYaJbHOTO colepkaHus. Bece aBTOpB 01o0puin GUHANBHYIO BEPCHIO CTAThU Mepel MmyOu-
KanueH, BEIPa3HIIN COTJIaCHe HECTH OTBETCTBEHHOCTH 3a BCE acIeKTHI pabOTHI, MOApa3yMeBaIOIIyI0 HaaeKallee H3yUeHHEe U peIIeHNe
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INTRODUCTION

In times of increasing global challenges arising due to tech-
nology-related, environmental, biological, military, political, and
other reasons, the preservation of public health is of particular
importance.! The integrity and national security of any country
largely depend on the level of public health defined as the medi-
cal and social resources of a specific state, as well as the potential
of its society [1]. In general, the level of public health is assessed
using several economic, sociological, demographic, biomedical,
and other determinants defined by specific indicators [2].

In measuring the social burden of individual diseases, it is
most common to use the epidemiological analysis of intensive
and extensive “crude” or standardized morbidity, mortality,
and period prevalence rates [3, 4]. It is known that these rates
give only a general idea (indication) of the social burden of the
disease. For a more profound and comprehensive assessment
of the socioeconomic burden of various pathologies, including
comorbid conditions, a method is used, primarily abroad, for
calculating disability-adjusted life years (DALYs) associat-
ed with morbidity and premature mortality from a particular
disease by gender and age group [5-9]. The DALYs measure
was first developed in the 1990s by Christopher J. Murray
and Alan Lopez on the initiative of the World Bank and the
World Health Organization (WHO) to systematically assess

the burden of various diseases, injuries, and risk factors at the
global, regional, and national levels [10].2 The DALY calcu-
lation procedure, as detailed in the book by Nuria Homedes,
presents some difficulties, primarily due to the low availability
of information, specifically data on disability, as well as the
cumbersome nature of calculations.’> However, with the cur-
rent development of digital technologies and the accumulation
of large personalized population databases, the significance of
these factors is rapidly decreasing, as well as in Russia.* In
addition, in 2020, WHO developed a simplified way to cal-
culate DALY, proposing that losses due to disability should
be calculated only as the product of disease prevalence and
disability weight.> The main advantage of DALY's calculation
is that, along with the estimation of social and economic losses
incurred by the society due to morbidity and premature mor-
tality from various causes in a particular gender and age group
of the population, this method provides a means to make and
implement management decisions not only in the health care
system but also at the political level of the country as a whole.*

As we noted above, the DALY's measure is more commonly
used in foreign countries than in Russia to assess the burden of
a disease; however, in recent years this method has been con-
sidered more frequently in the national scientific literature. For
example, several studies were conducted in the Tomsk Region

! Zudin AB, Shchepin VO. Global challenges for Russian health care. Bulletin of Semashko National Research Institute of Public Health. 2016;5:41-45 (In Russ.).
2 Murray CJ, Lopez AD. The Global Burden of Disease: A comprehensive assessment of mortality and disability from diseases, injuries, and risk factors in
1990 and projected to 2020. Boston: Harvard University Press. World Health Organization, Harvard School of Public Health, World Bank; 1996.

3 Homedes N. The disability-adjusted life year (DALY) definition, measurement and potential use. Human capital development and operations policy
working papers; no. HCD 68 Washington, D.C.: World Bank Group. Available: https://documents.worldbank.org/en/publication/documents-reports/docume
ntdetail/482351468764408897/%20the-disability-adjusted-life-year-daly-definition-measurement-and-potential-use

4 Kobyakova OS. DALY application for assessing the health status of the population. Tomsk: SibGMU. 2020. 100 p. (In Russ.).

> WHO methods and data sources for global burden of disease estimates 2000-2019. Department of Data and Analytics Data, Analytics and Delivery
Department for Impact. World Health Organization. Geneva. 2020. Available: https:/cdn.who.int/media/docs/default-source/gho-documents/global-health-
estimates/ghe2019_daly-methods.pdf

Kuban Scientific Medical Bulletin / Ky6anckuit Hay4HbBIH METUIIMHCKUI BECTHUK D)
2024 | Vol. 31 | Ne 2 | 27-40 9



ORIGINAL ARTICLES / OPUTMHAJIBHBIE CTATBU

PREVENTIVE MEDICINE / ITPOOUITAKTUYECKA I MEJUITUHA

to calculate the DALY's measure among the entire population
of the region and children aged 0—17 years; the social bur-
den of gynecologic oncology disease was also determined [11,
12]. In the Republic of Sakha (Yakutia) the damage caused to
the society by alcohol consumption was estimated among the
working-age population [13]; health losses of Kemerovo resi-
dents from myocardial infarction® and health losses of the Rus-
sian population from oncology disease, as well as from natu-
rally occurring infections, were determined, as measured by
DALYs [14, 15]. Of interest are the recommendations for ap-
plying DALY in the construction industry, where the amount
of economic production losses caused by the morbidity and
premature mortality of workers is calculated.’

The burden of socially significant infectious diseases
(SSIDs), which, among others, in Russia include tuberculosis
(TB), HIV infection, parenteral viral hepatitis, and sexually
transmitted infections,? significantly reduces the level of public
health both in the world® and in Russia [16—18]. Globally, HIV
infection has become one of the four reasons behind the rise in
DALYs among adolescents and adults, with a 58.5% increase
in the measure among the total population in 1990-2019, while
in 16 Middle-Eastern and North African countries, the DALY's
burden of HIV infection has also increased in all gender and
age groups over the same period [19, 20]. Viral hepatitis C and
B account for 26% and 23%, respectively, of liver cirrhosis
worldwide as measured by DALYs. In Japan, among vac-
cine-preventable infectious diseases, viral hepatitis B and TB
ranked below influenza in 2008-2020, as measured by DALY's
[22]. In the Republic of Korea, TB became the second most
significant disease following upper respiratory tract infections
according to the DALY's measure, with the highest level found
among men and elderly patients aged over 80 years [23]. In
China, the TB-related DALY's measure was also higher among
men and people over the age of 70 years [24]. In Colombia,
the TB-related DALYs measure amounted to 56% among the
working-age population aged between 15 and 69 years and
68.4% among men [25]. Noteworthy are the results of a study
conducted in Kazakhstan to assess the burden of syphilis, one
of the sexually transmitted infections; in the study, the DALY's
measure calculated per 100,000 population by gender and age
group was high among children under five years of age, which
the authors attributed to perinatal infection [26].

In Russia, studies assessing the burden of SSIDs with DA-
LYs calculation are very limited. Analyzing the dynamics of
mortality from TB, HIV infection, and parenteral viral hepa-
titis, Sergey Sterlikov et al. note a reduction in the number of
years of life lost due to SSIDs in 2015-2020, primarily due to
a decrease in TB [27]. Another study, which was conducted in
the Orel Region, found that among the HIV-positive popula-
tion, the DALY's measure was highest in the 30—39 age group

[28]. No domestic studies are available on the estimation of
years of life lost due to SSIDs and other diseases depending on
population density. In foreign publications, such data are also
limited; we found only one study reporting a high TB-related
DALY's measure among the favela population of Rio de Janei-
ro, with a high density of informal settlements [29].

The critical analysis of scientific publications shows that
the use of DALY is very limited in our country in the com-
prehensive assessment of the impact that the burden of SSIDs
has on public health in Russia, and no such studies taking
into account population density are available. Of note is that
SSIDs, specifically TB, HIV infection, and their comorbidity,
remain relevant, reducing the level of public health (in Russia
for 2015-2020). Among the infectious and parasitic diseases
contributing to years of life lost, HIV infection accounts for
70.5%, while TB comorbid with HIV infection accounts for
21.3% [27]. In 2019, TB was among the top ten global causes
of high disease burden, as measured by DALYs.

The study aims to assess the socioeconomic burden of so-
cially significant infectious diseases on the example of TB
by calculating the number of disability-adjusted life years
(DALY3s) in a high-density region.

METHODS

Study design
A retrospective cohort study was conducted.

Study conditions

The study was conducted at the premises of the N.A. Semas-
hko Research Institute of Public Health and the Republican
Clinical Republican Clinical Center of Phthisiopulmonology
of the Ministry of Health of the Republic of North Ossetia-Al-
ania. The study analyzed and compared data for 2018 and
2022.
Eligibility criteria
Inclusion criteria

The study included data on all TB cases newly diagnosed in
the population of the Republic of North Ossetia-Alania, as well
as patients who died from TB, including those with TB comor-
bid with HIV infection, for 2018 and 2022. Only the patients
aged 15 and older were included in the DALY's calculation.
Exclusion criteria

The DALY calculation study excluded the pediatric pop-
ulation aged between 0 and 14 years due to the absence of
TB-related deaths and disabilities among them in 2018 and
2022.
Removal criteria

Removal criteria are not provided in this study.
Description of the eligibility criteria

Data on newly diagnosed TB cases corresponded to the an-
nual reporting form of federal statistical surveillance No. 8

¢ Tabakaev MV, Shapovalova EB, Maksimov SA, Artamonova GV. Population health losses from myocardial infarction estimated with index DALY in
Kemerovo in 2006-2012 years. Complex Issues of Cardiovascular Diseases. 2014;1:21-25 (In Russ.).
7 Burtseva AA, Gomazov FA. Recommendations for the use of DALY in the construction industry. Information technologies and systems: management,

economics, transport, and law. 2022;52;164—165. (In Russ.).

8 Resolution of the Government of the Russian Federation No. 715 of December 1, 2004 “On Approval of the List of Socially Significant Diseases and the
List of Diseases that Constitute a Danger to the Public” (as amended and supplemented).
° Global health estimates: life expectancy and leading causes of death and disability. WHO. https:/www.who.int/data/gho/data/themes/mortality-and-

global-health-estimates
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“Information on active tuberculosis cases” for the Republic of
North Ossetia-Alania; information about patients who died of
TB or TB comorbid with HIV infection, was obtained from the
Department of Civil Status Records of the Republic of North
Ossetia-Alania and verified with data from the Federal State
Statistics Service; data on tuberculosis-related disability were
consistent with those received from Main Bureau of Medical
and Social Expertise in the Republic of North Ossetia-Alania
of the Ministry of Labor and Social Protection of the Russian
Federation for 2018 and 2022.
Selection of group members

The selection of study participants is presented in the de-
scription of eligibility criteria.

Target parameters in the study
Main parameters in the study

The target parameters of the study included standardized
gender- and age-specific indicators of TB morbidity and mor-
tality, as well as the DALYs measure and its components:
YLL — years of life lost due to TB morbidity and premature
mortality; YLD — years of life lost due to TB-related disabili-
ty in the analyzed period in the Republic of North Ossetia-Al-
ania.
Additional parameters in the study

Additional parameters are not provided in this study.
Methods for measuring the target parameters

TB morbidity and mortality rates are standardized by gen-
der and age using the European gender-and-age standard per
100,000 population.'® Average standardized TB morbidity and
mortality rates for Russia are given in general, without divi-
sion into age groups.

DALYs are calculated as follows* *:

DALYs = YLL+YLD. (1)

Years of Life Lost due to premature mortality are calculated
according to Eq. (2):

YLL=KCe"/(r+6)*x{e 9> x[1+(r+ 6)x6]-
e Ox[1+(r+e x(L+6)] }+1-K/r x(1-e"), ()

where: 6 — age of death in years; L — years not lived (dif-
ference between the standardized life expectancy at birth and
age at death. Life expectancy at birth was in agreement with
the annual data of the Federal State Statistics Service for the
Republic of North Ossetia-Alania'’; » — discount rate (3%
or 0.03); K — age weight modeling constant (varying within
the range of 0—1); B — age weight category (8 = 0.04); C —
constant age weight correction (C = 0.1658); Dw — disability
weight, TB = 0.3 in case of disease, | — in case of death; e —
logarithmic constant =2.71.

Years Lost Due to Disability (years of life lost due to dis-
ability related to the TB) are calculated according to Eq. (3):

YLD=Dwx(KCe"*/(r+6)*x{e "9~ x[1+(r+6)x6]—
-e 9Oy [+ (r+ g)x(L+6) ] }+1-K/r x(1-e™), 3)

where: 6 — age at onset in years; L — duration of disability in
years; r — discount rate (3% or 0.03); K — age weight model-
ing constant (varying within the range of 0—1); B — age weight
category (B = 0.04); C — constant age weight correction (C =
0.1658); Dw — disability weight, TB = 0.3 in case of disease,
1 — in case of death; e — logarithmic constant = 2.71.

Variables (predictors, confounders, and effect
modifiers)

Changes in the gender and age composition of the region’s
population can act as confounders in the study; to reduce this
modifying effect, all indicators were obtained from the official
sources of the Federal State Statistics Service and relevant re-
gional government agencies.

Statistical procedures
Principles behind sample size determination

By design, the study was a cohort study analyzing data for
2018 and 2022, which did not require sample size determina-
tion.
Statistical methods

Data entered into an Excel spreadsheet was mathematically
processed using Microsoft Excel 2017 (Microsoft Corpora-
tion, USA) and SPSS.26.0 software (SPSS Inc., USA). The
negative DALY values, as well as values exceeding 100.0%,
obtained for the group aged 65 years and over since the age
of people in this group exceeded the life expectancy at birth
were not interpreted due to the lack of their significance. Dif-
ferences between the compared morbidity and mortality rates
were evaluated using the chi-square test with extensions; the
input data were grouped in the form of a contingency table; the
significance level of differences was expressed as a p-value.

RESULTS
Sampling

The study included 691 patients with newly diagnosed and
died of TB in the Republic of North Ossetia-Alania: 318 peo-
ple in 2018 and 373 people in 2022. These included patients
whose disability was TB-related (230 in total): 120 in 2018
and 110 in 2022; and those who died of TB (19 people in to-
tal): 13 in 2018 and 6 in 2022. Patients who died of TB could
be identified prior to the study period. The study compared the
DALYs measure and its components for 2018 and 2022, as
well as evaluating differences between the measures by gender
and age within the same year. Children were not included in
the DALY calculation study due to the absence of TB-related
deaths and disability.

The block diagram of the study design is presented in Fig. 1.

Characteristics of the study sample (groups)

In the conducted study, the mean age of the patients and oth-
er characteristics of the participants, including socioeconomic,
were not significant enough to describe them separately. The
present study was aimed at assessing the burden of TB using
a method for estimating the DALY's measure by gender and

10 Sterlikov SA, Belilovskii EM, Golubev NA, Kucheryavaya DA. Calculation of gender-age and standardized morbidity rates. Version 1.21. Available:

https:/t.me/+ANfiYvtocj8wYmY6

11 Federal State Statistics Service. Demographics. Available: https:/rosstat.gov.ru/folder/12781
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age group. Below we present a general characterization of the
region where the study was conducted.

The Republic of North Ossetia-Alania is a federal entity of
the Russian Federation, part of the North Caucasian Federal
District, with a total area of 8,000 square kilometers; as of the
beginning of January 2023, it had a population of 680,748,
with a predominance of women (55.2%) and urban residents
(63.2%)". The main feature of the republic is its high popu-
lation density amounting to 85.23 people/km?, which ranks it
right below the cities of Moscow and St. Petersburg, the Mos-
cow Region and the Republic of Ingushetia, with the average
indicator for Russia amounting to 8.55 people/km?. In terms of
gross regional product per capita, which was 527.8 thousand
rubles in 2021, the Republic of North Ossetia-Alania belongs
to the federal subjects characterized by an average economic
level of development.

Potentially included cases (n = 691)

Not evaluated as per inclusion criteria (n = 0)

Evaluated as per inclusion criteria (n = 691)

Excluded (n =0)

Included in the study (n = 691)

Removed from the observation (n = 0)

Data available for analysis:
* age-and-gender (n = 691);
* epidemiological (n = 691);
e socioeconomic (n = 691);
*  demographic (n =691)

Patients identified in 2018 Patients identified in 2022
(n=1318) (n=373)

Included in the analysis Included in the analysis

(n=318); (n=1373);
Not included and/or excluded Not included and/or excluded
(n=0) (n=0)

Fig. 1. DALY calculation: schematic diagram of the research
design

Note: performed by the authors (according to STROBE recom-
mendations).

Puc. 1. bnok-cxema nu3aifHa MccienoBaHUS MO BBIUHCIIE-
Huro DALYs

Ipumeuanue: OLOK-CXeMa GbINOIHEHA ABMOPAMU  (CO2NACHO
pexomendayusm STROBE).

Main study results

As indicated in the table below, the standardized TB morbid-
ity rates in the Republic of North Ossetia-Alania for 2018 and
2022 decreased in almost all age groups, except for the critical
ages (0—6 years; 55 years and over), in which the rates tended
to increase, especially among children. In general, the 35-44
year old population, predominantly males, were most affected
by TB, with the indicator exceeding the study cohort average
by 1.7-1.2 times in 2018 and 2022, respectively.

Among men aged 35-44 in 2018, the indicator was more
than twice the cohort average. Men aged 4554 years were
also affected by TB, with the indicators exceeding the aver-
age by 1.6 and 2.4 times in 2018 and 2022, respectively. The
TB morbidity rate of men aged 55—64 years, while moderate-
ly above average, was lower than in previous age groups but
higher than in the group of people aged 65 years and over. In
the 18-34 age group, the indicators did not exceed the average
morbidity rate in the male cohort.

Among women, the standardized TB morbidity rate was
lower than among men aged 25-64 years; however, it was
higher in the groups of people aged between 0 and 24 years
and 65 years and over. Women aged 65 years and over were
most commonly affected by TB, with the indicators exceeding
the average by nearly two times in 2022. Also, 15—17 year old
adolescents and 18-24 year old adults were most affected by
TB in the female cohort, with the indicator exceeding the aver-
age by 1.3 and 1.5 times, respectively, in 2018. Among women
aged 2564 years, the TB morbidity rate was lower or slightly
higher than the corresponding average.

A gender comparison of the overall standardized TB mor-
bidity rate in the Republic of North Ossetia-Alania with the
average rates in Russia shows a 1.7 times higher TB morbidity
rate among the male population in 2018 and a 1.4 times higher
TB morbidity rate among the female population in 2022 in the
Republic of North Ossetia-Alania as compared to the general
Russian population. For the Republic of North Ossetia-Alania,
the standardized TB morbidity rate was lower or slightly high-
er than that reported across Russia, with a 1.2-fold downward
trend observed in 2018-2022.; in Russia, the TB morbidity
rate decreased by 1.5 times during the analyzed period.

TB mortality in the Republic of North Ossetia-Alania was
high in the same gender and age groups as TB morbidity, with
a predominance of unfavorable outcomes among men. TB
mortality among males aged 3544 and 45-54 years was par-
ticularly high in 2018, exceeding the cohort averages by 2.0
and 2.5 times, respectively. Men aged 55 years and over also
died frequently of TB, exceeding the average rate by 1.2-3.0
times in the study period. In 2018, no TB-related deaths were
registered in the 25-34 age group; in 2019 and subsequent
years, the TB mortality rate in this age group of men was low-
er or did not exceed the cohort average. No TB mortality in
the groups aged 0—24 was reported in the region for 2018 and
2022.

Women died of TB significantly less often than men in the
Republic of North Ossetia-Alania. The highest TB mortality
rate was among women aged 3544 years in 2018, which ex-
ceeded the female cohort average by 7.5 times. In 2022, wom-
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Table. Gender-age standardized morbidity and mortality rates in tuberculosis, the Republic of North Ossetia-Alania and
Russia* for 2018 and 2022 (per 100,000)

Tabnuna. [ToT0BO3pacTHBIC CTAHAAPTU30BAHHBIC TOKa3aTe I 3a00JIeBaEMOCTH U CMEPTHOCTH OT TyOepKkyJe3a B Pecry-
6nuke Ceepnast Ocerust — Ananust u Poccun* 3a 2018 1. m 2022 r. (ma 100 000 HaceneHus)

Age TB morbidity (per 100,000) TB mortality (per 100,000)
(years) 2018 2022 2018 2022

Total M F Total M F Total M F Total M F
0—4 11.1 10.2 12.1 21.6 16.9 27.0 0.0 0.0 0.0 0.0 0.0 0.0
5-6 4.3 8.1 0.0 16.2 10.1 23.1 0.0 0.0 0.0 0.0 0.0 0.0
7-14 19.6 16.9 224 6.7 5.0 8.6 0.0 0.0 0.0 0.0 0.0 0.0
15-17 31.8 29.2 34.4 16.3 29.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18-24 28.6 18.5 40.5 19.3 11.3 29.3 0.0 0.0 0.0 0.0 0.0 0.0
25-34 37.0 46.4 26.8 18.5 23.5 13.2 0.0 0.0 0.0 2.2 4.3 0.0
35-44 62.4 104.9 26.2 36.0 40.3 32.1 10.9 16.7 6.0 1.9 4.0 0.0
45-54 45.7 78.6 20.2 44 .4 86.3 11.1 9.4 21.4 0.0 2.1 4.7 0.0
55—-64 34.3 56.8 19.1 40.4 59.2 27.5 4.2 10.3 0.0 4.8 11.8 0.0
65+ 42.1 38.7 44.2 45.2 444 | 46.2 3.8 11.9 0.0 2.8 5.5 1.4
Total 36.5 48.1 271 29.9 36.5 24.6 3.7 8.4 0.8 1.9 39 0.3
Russia 42.9 28.3 26.7 28.3 42.4 18.2 5.0 9.0 1.9 2.9 5.4 0.9

Notes: compiled by the authors; *standardized mean TB incidence rates unrelated to age. Abbreviation: TB — tuberculosis; M — men;
F— women.

Tpumeyanus: mabauya cocmasnena asmopamu, * npugedensvi cpeorue Cmanoapmu308anuvle nokasameau sabonesaemocmu Th Oe3 pasoe-
nenus na sozpacmuvle epynnel. Cokpawenue: Th — mybepxynes; M — myacuunel; F — dcenujunbi.

en are reported to more frequently die of TB at ages of 65
or over, as well as contract the disease, exceeding the cohort
average by 4.7 times in that year.

Region-wide, the standardized TB mortality rate was below
the national average both among men and women, decreasing
by 1.9 times in 2018-2022; in Russia, this indicator decreased
by 1.7 times in this period.

Figure 2 shows that the socioeconomic burden of TB as
measured by the DALY's measure tended to decrease in the
Republic of North Ossetia-Alania in 2018-2022, with an over-
all 3.1-time reduction in the measure: by 2.8 times among men

and by 5.5 times among women (p < 0.05). The social burden
of TB was predominantly carried by the male population, with
a 4.4-time gender difference in the DALYs measure in 2018
and a nearly 9-time difference in 2022 (p < 0.05).

Both among men and women, socioeconomic losses caused
by TB in 2018 were mostly attributable to premature TB-re-
lated deaths. During the year, the YLL measure exceeded the
YLD value in the cohort as a whole, by more than 2 times
among men (p < 0.05) and by 1.4 times among women. By
2022, the YLL/YLD ratio has significantly changed: in the co-
hort, the number of years of potential life lost due to TB has

A DALYs B DALYs C DALYs
600 500 100 88
478 390
500 400 80
37
) 400 154 £ 300 11 )
g 500 2 E
£ 200 156 = 200 140 = 40
100 83 100 67 20 T6
0 73 0 73 0 o |16
2018 2022 2018 2022 2018 2022
mmYLL YLD DALYs EmmYLL YLD DALYs mmm YLL YLD ====DALYs

Fig. 2. DALYs associated with tuberculosis in the Republic of North Ossetia-Alania for 2018 and 2022: A — total for the

region; B — males; C — females

Note: performed by the authors. Abbreviations: DALYs — Disability-Adjusted Life Years; YLL — Years Life Lost; YLD — Years Lost Due

to Disability

Puc. 2. [loTepsiHEBIE TOABI KU3HU C MonpaBkoii Ha wHBanuaHOCTh (DALYS), cBs3anHbIe ¢ TyOepkyne3om, B PecyOmmke
Cesepnas Ocerust — Ananus 3a 2018 u 2022 r1.: A — Bcero 1o pernony; B — myx4auasr; C — KeHIIHHBI

Tpumeuanue: pucynox evinoanen asmopamu. Coxpawenus: DALYs — unoexc nomepsaHHbIX 1em HCUSHU C NONPABKOTU HA UHBATUOHOCHTb
(Disability adjusted life years); YLL — 20061 nomepaHHOU HCU3HU 8 pe3yavbmame 3a001e8aeMOCMU U NPeHOe8PEMEHHOU CMEePMHOCMU
(Years Life Lost); YLD — 200wt sorcusnu, nomepsanuvie no npuuute ungaruonocmu (Years Lost Due to Disability).
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become lower than the YLD measure (years lost due to disabil-
ity). Among men, the YLL/YLD ratio was nearly equalized at
1:1.1. Among women, the burden of TB was only associated
with years lost due to disability in 2022.

During the study period, the DALYs measure per 100,000
population by gender and age group was highest among men
aged 35-59 years and among women aged 35—44 years, with
a marked tendency for the indicator to decrease by 2—5 times
(p < 0.05), respectively (Fig. 3). In the 20-34 age group and
the 60—64 age group, a trend was found toward an increased
burden of TB with a 2.3- and 4.0-time increase (p < 0.05) in
the DALYs measure, respectively, which was attributable to
changes only among men. Among women, the DALYs mea-
sure decreased in all age groups in 2018-2022, except for the
15-19 age group, in which the measure that was non-existent
in 2018 amounted to 3.4 per 100,000 population in 2022. The
contribution of the group aged 65 years and over to the burden
of TB was not significant.

The predominant association of TB burden with TB mor-
tality, specifically among men, is supported by YLL data per
100,000 population by gender and age group (Fig. 4). The
measure of years of potential life lost due to TB in the study
period, while remaining highest in the 35-54 age group, tend-
ed to decrease in almost all age groups, except for the 55-59
age group, in which it remained stable (fig. 4A). Among peo-
ple aged 20-34 years, the YLL measure, which was non-ex-
istent in 2018, amounted to 16.9 per 100,000 population in
2022. Overall, the YLL measure decreased by 4.4 times in
2018-2022 (p < 0.05).

In accordance with general trends, the YLL measure per
100,000 population among men was highest in the 35—44 and
45-54 age groups, with a marked 6.6- and 8.8-time decrease
(p < 0.05), respectively, in 2018-2022 (Fig. 4B). Noteworthy
is the 1.7-time increase in the YLL measure in the pre-retire-
ment group of men'? aged 60—64 in 2018-2022. In the 20-34
age group, the YLL measure, which was non-existent in 2018,
amounted to 35.8 per 100,000 population in 2022, which is
twice the male cohort average. Overall, the number of years of
potential life lost due to TB decreased by 3.7 times (p < 0.05)
among the male population in the Republic of North Osse-
tia-Alania in 2018-2022.

Among women, the burden of TB morbidity and prema-
ture mortality was lower than among men: in the 35-44 age
group, the YLL measure was 95.7 per 100,000 correspond-
ing population in 2018, which is 1.7 times lower than that of
men (Fig. 4C). The overall YLL measure amounted to 12.9
per 100,000 population among women in 2018, which is more
than five times lower than that among men (p < 0.05).

We also analyzed the burden of TB associated with YLD
per 100,000 population by gender and age group as one of
the socioeconomic factors reducing the level of public health
(Fig. 5).

It is clear that the contribution of years lost due to TB-re-
lated disability, as compared to the role of years of potential
life lost due to premature TB mortality, is much smaller, with

its prevalence in the 55-59 age group rather than in the 35-54
age group as in the case of YLL (fig. 5A). Nevertheless, the
YLD measure per 100,000 population is quite high among the
group of people aged 34-54 years, while exhibiting a signif-
icant decrease in most age groups, except for the group aged
60—64 years, in which a 1.8-time increase in the measure was
observed in 2018-2022 (p < 0.05). In the 15-19 age group, the
measure, which was non-existent in 2018, amounted to 1.7 per
100,000 population in 2022. In 2018-2022, the YLD measure
decreased by nearly half in the Republic of North Ossetia-Al-
ania (p < 0.05).

The socioeconomic burden of TB associated with years lost
due to disability is expectedly higher among men than among
women, especially in the 55-59 age group, in which the YLD
measure per 100,000 population is the highest among the
male cohort, with a nearly 9-time gender difference between
the indicators (p < 0.05). Among men aged 35-54 years, the
YLD measure per 100,000 population is also high. In the an-
alyzed period, a decrease in indicators was noted in all age
groups, except for the pre-retirement group aged 60—64 years
in the male cohort (similar to YLL), in which the YLD mea-
sure increased by 11.2 times during the study period. Overall,
the YLD measure per 100,000 population among the male
cohort decreased by 1.7 times in the region in 2018-2022
(» < 0.05).

Unlike the male cohort, the burden of TB associated with
years lost due to disability was highest in the female co-
hort among the 20-34 age group and the 3544 age group,
exceeding the cohort average by more than 2 times in 2018
(p < 0.05). The decrease in the YLD measure per 100,000 pop-
ulation in 2018-2022 was reported in all age groups of the
female cohort, specifically in the pre-retirement group aged
55-59 years, as well as in the 60—64 age group: by 6.5 and 5.2
times, respectively (p < 0.05). Overall, the YLD measure per
100,000 population among women in the Republic of North
Ossetia-Alania decreased by 2.4 times during the study period
(» <0.05).

Additional research results
No additional results were obtained during the study.

DISCUSSION
Main findings of the study

In the present retrospective cohort study, we have assessed
the socioeconomic burden of TB in a single high-density re-
gion with the correct application of a comprehensive and more
sensitive method—DALY s calculation. The study results show
that the main socioeconomic burden of TB on public health
is associated with TB-related mortality in all the age groups
(starting from the age of 20 years), with a tendency toward
equalization between indicators and the data on years lost due
to disability and shift toward the group of people aged 60 years
and over among the male population. In the 35-44 age group,
the number of years of potential life lost due to TB is highest
among both men and women; however, a pronounced down-
ward trend is observed in 2018-2022.

12 Federal Law No. 400-FZ of December 28, 2013 (revised on December 25, 2023) “On Insurance Pensions.”
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Fig. 3. Tuberculosis-related DALY in the Republic of North Ossetia-Alania for 2018 and 2022: A — total; B — males; C —
females

Note: performed by the authors. Abbreviation: DALY — Disability-Adjusted Life Years.

Puc. 3. IlotepsiHHbIC TOABI )KU3HU C MONPaBKoil Ha nHBanuAHOCTh (DALYS), cBsi3anHbIe ¢ TyOepkye3om, Ha 100000 moso-
BO3pacTHOro Hacenenus Pecriyonuku CesepHast Ocetuss — Ananus B 2018 u 2022 rr.: A — Bcero; B — myxunnsr; C —
JKSHIIMHBI

Tpumeuanue: pucynox evinonnen asmopamu. Coxpawenue: DALYs — unoexc nomepsHHbIX 1em JCU3HU ¢ NONPABKOU HA UHBAIUOHOCTb
(Disability adjusted life years).
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Fig. 4. YLL related to premature mortality per 100,000 gender/age population of the Republic of North Ossetia-Alania in
2018 and 2022: A — total; B — males; C — females

Note: performed by the authors. Abbreviation: YLL — Years Life Lost as a result of morbidity and premature mortality.

Puc. 4. Tlotepu >XHM3HEHHOro MOTEHIMANA, CBA3aHHBIE C MpexkJeBpemeHHON cmepTHOocThiO (YLL) oT TyGepkyrnesa,
Ha 100000 nmonoBo3pactHOro HaceneHus Pecyonmku CeepHas Ocernst — Ananus B 2018 u 2022 rr.: A — Bcero; B —
My>X4HHBL, C — KEHIIUHBI.

Ipumeuanue: pucynok ewvinoanen asmopamu. Cokpawenue: YLL — 200bl nomepsaHHOU dHCUSHU 6 pe3yivmame 3a0071e8aemMocmu
u npeacoespemennou cmepmuocmu (Years Life Lost).
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Fig. 5. Tuberculosis-related YLD per 100,000 gender/age population of the Republic of North Ossetia-Alania in 2018 and
2022: A — total; B— males; C — females

Note: performed by the authors. Abbreviation: YLD — Years Lost Due to Disability.

Puc. 5. Tlotepu TpymoBOTO MOTCHIIMANA, CBA3aHHBIE C 3a00leBaeMOCThI0O M WHBATUAHOCTHIO (YLD) mo TyOepkymesy,
Ha 100000 nonoBo3pactHoro Hacenenus Pecrryonuku CeBeprast Ocetust — Ananns B 2018 n 2022 rr.: A — Bcero; B —
MYX9IUHBL, C — KSHITHHBI

Tpumeuanue: pucynox gvinonnen asmopamu. Coxpawjenue: YLD — 200w dcusnu, nomepsautsie no npuuute unsaiuonocmu (Years Lost
Due to Disability).
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Research limitations

The study is limited by the fact that the comorbidity of TB
and HIV infection was only taken into account in the analysis
of the years of potential life lost, without factoring it into the
calculation of years lost due to disability, which could possibly
have had some impact on the YLD level in the study cohort. In
future studies, we plan to compare the DALYs measure among
patients with TB without HIV infection and those with TB co-
morbid with HIV infection.

Interpretation of the study results

Domestic studies indicate a shift in TB mortality toward
older age groups in Russia; conversely, in the 20-34 age
group, a decrease in TB mortality rates is observed [27]. Re-
searchers from other countries (Korea, China, and Colombia)
also report a high burden of TB-related premature mortality
in groups aged over 70 and 80 years, predominantly among
men [23-25]. In its reports and recommendations, WHO
identifies children and adolescents, as well as people aged
over 65 years, as critical age groups in terms of TB® morbid-
ity and mortality [16].

This study yields an alarming number of years of potential
life lost among the group of young men aged 20-34 years in
the Republic of North Ossetia-Alania, which exceeded the co-
hort average by two times in 2022; thus, a more thorough anal-
ysis of the obtained data is required. The high number of years
lost due to TB-related disability among the female population
aged 20—44 years and among pre-retirement men aged 60—64
years also indicate the need to strengthen the targeting of TB
prevention and TB case finding resources to this age group in
the region.
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