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The aim of the article is the evaluation of the economic damage (ED) because of the absence of pneumococcal vaccination
as a leading risk factor for the development of community-acquired pneumonia (CAP) and acute exacerbations of a chronic
obstructive pulmonary disease (COPD).

Materials and methods. The method of attributive statistics was used for the first time to assess the ED of the vaccination
absence as an independent risk factor contributing to the development of CAP and COPD exacerbations in the Astrakhan
region for the period of 2015-2019. To do this, at the beginning of the study based on the literature data, a relative risk of
COPD complications associated with the absence of pneumococcal vaccination was determined. Using it as a risk factor,
prevalence rates (a proportion of non-vaccinated patients with COPD), the population attributable risk (PAR) was calculated.
Further, the annual economic damage (ED) from the development of CAP and COPD exacerbations was determined. To assess
the cost-effectiveness of the COPD complications prevention, vaccination costs of newly registered patients were calculated
and the ratio of these costs to the average annual ED was determined.

Results. A decrease in the non-vaccinated patients’ proportion corresponds to the decrease in the total ED from COPD com-
plications: from 13.16 million rubles to 6.06 million rubles during the observation period. The calculations showed that due
to the increase in the vaccinated patients’ proportion over a five-year observation period, the ED from the CAP development
decreased by 2.1 times, from exacerbations of COPD — by 2.3 times. The vaccination costs of newly diagnosed COPD cases
amounted to 0.63 million rubles. Thus, to prevent the annual ED of 3.24 million rubles, the sum for the state to spend, should
be 5.2 times as small.

Conclusion. A study on the evaluation of the ED due to the risk factor (RF), the pneumococcal vaccination absence, showed
that its elimination reduces the risk of acute COPD exacerbations and the development of CAP, as well the ED, as associated
with them. Reducing the economic costs of the health care system with significantly lower vaccination costs, makes this
preventive measure economically viable.
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Abbreviations: COPD — chronic obstructive pulmonary disease; CAP — community-acquired pneumonia; Pl — pneumococcal
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Llenb. OugeHKa sKOHOMMYECKoro yuiepba (3Y) oT oTcyTCTBMA NMHEBMOKOKKOBOM BaKLMHALMKY, Kak BeayLlero dakTopa pucka
pa3BuTMA BHEGONbHUYHOM MHEBMOHUK (BI) M 060CTPEHMUIT XPOHUYECKOW 06CTPYKTUBHOM BonesHn nerkux (XOB/1).
Marepuanbl 1 metogbl. MeTogom aTpMOYTUBHOM CTaTUCTUKM BMEpBble NPOoBeAeHa OLeHKa Y OTCYTCTBUA BaKLUMHALMMK B
KayecTBe CaMOCTOATENbHOrO GpaKTopa pucKa, cnocoberaytoLero passuTuio BIM n o6octpeHnii XOBJ1 B AcTpaxaHcKoi ob6nactu
3a nepuog 2015-2019 rr. 1na 3TOro B Hayasie Uccief0BaHUSA Ha OCHOBE AaHHbIX IMTePaTypPHbIX UCTOYHUKOB Bbl1 onpeseneH
OTHOCUTE/NIbHBIN PUCK OCoXHEHUN XOBJ1, accoLMMPOBAHHbIX C OTCYTCTBMEM MHEBMOKOKKOBOM BaKUMHAUMU. C MOMOLLbIO
Hero 1 nokasaTesiell PacnpoCTPaHEHHOCTU GaKTopa pucKa (40AM He BaKLMHUPOBaHHbIX NaumeHToB ¢ XOB/1) paccunTaH no-
NYNALMOHHBIN aTPUBOYTUBHBIN pUCK. [lanee onpeaensanca exxerogHoiit 3Y ot pa3sutua BN n oboctpeHunii XOB/1. [Insa oueHKu
peHTabenbHOCTM NPOGUNAKTUKM 0CN0KHEHMI XOB/1 paccumTaHbl 3aTpaTthl HA BaKLMHALMIO BHOBb 3aperncTpupoBaHHbIX na-
LMEHTOB 1 ONpeAeneHo COOTHOLLEHNe 3TUX 3aTPaT K cpeaHemy exxeroaHomy Y.

Pesynbratbl. CHUXKEHWE [0/M He BAaKLMHUPOBAHHbIX MALMEHTOB COOTBETCTBYET CHUMKEHMIO CYMMapHOTo 3Y OT OC/IOXKHEHW
XOB/1: ¢ 13,16 mnH. pybneit go 6,06 maH. pybneri 3a nepuog, HabaogeHua. PacyeTbl MoKasanau, YTO B CBA3M C YBE/IMYEHMU-
€M [0NM BaKLMHUPOBAHHbIX NAaLWEHTOB 3@ NATUNETHUI Nepuog HabaogeHua Y, oT pa3sutua BI cHusunca B 2,1 pasa, ot
obocTtpeHunin XOBJ1 B 2,3 pa3a. 3aTpaThl HAa BaKLMHALMIO BHOBb BblAB/AEHHbIX cnydyaeB XOBJ1 coctasuaun 0,63 maH. pybnei.
Takum 06pasom, Ans npepoTepalLeHnsa exxerogHoro 3Y B 3,24 MaH pybaeit rocyaapcTBo AOMKHO 3aTpaTUTb CymMmy B 5,2 pasa
MeHbLue.

3akntoueHue. MiccnepoBaHune oueHKM Y, 0bycnoBneHHOro GpakTOPOM PUCKA — OTCYTCTBMEM MHEBMOKOKKOBOW BaKLMHALMY,
NOKa3asio, YTO ero yCTpaHeHue CHUMKaeT puck oboctpeHmnit XOBJ1 n pa3sutus B, a Takxke cBA3aHHOro ¢ HuMu Y. Cokpalue-
HWE SKOHOMMUYECKMX 3aTPaT CUCTEMbI 34PaBOOXPAHEHMA NP CYLLECTBEHHO MEHbLUMX 3aTpaTax Ha NpoBeAeHNe BaKLMHaL MK
obecneynBaeT IKOHOMMUYECKYIO LLeNeco0bPa3HOCTb 3TOM NPOPUAAKTUYECKON MEPbI.

KntoueBble cnoBa: xpoHnyeckana obcTpyKTMBHaA 601e3Hb SIerkux; BHE60NbHUYHAA MHEBMOHWA; OTHOCUTENbHBIN PUCK; MOMy-
NALMOHHbIN aTPUBYTUBHbIV PUCK; SKOHOMMUYECKMI yLLep6; MHEBMOKOKKOBAA BaKLMHaALMA

Cnucok cokpaueHuii: XObJ1 — xpoHuyecKkaa o6CcTpyKTUBHan 6on1e3Hb nerkux; Bl — BHe6onbHMYHAs NHeBMOHUS; [N — nHeB-
MOKOKKOBas MHdeKLuA; NB — nHeBMOKOKKOBasA BaKLMHauusa; P — dakTop pucka; OP — oTHocuTeNbHbIM puckK; MAP — nonynsa-
LMOHHBIN aTpUBYTUBHbIN pUCK; [ — A0AA L, B NOMNYAALMKU, KOTOPbIE NogBepratoTcs Bo3aencTamto ®P; 3Y — skoHoMUYECKUiA
ywepb; M3 — npamble 3aTpaTbl; AO — AcTpaxaHcKan obnactb; PKU — paHAoMUM3MPOBaHHbIE KNMHUYECKUE nccieaoBaHna; OMC

— obAsatenbHoe MeaANLUNHCKOE CTpaxoBaHKe.

INTRODUCTION

The diseases that form the mortality structure
comprise cardiovascular diseases, type 2 diabetes mel-
litus, malignant neoplasms, and COPD [1]. According
to the WHO, COPD is the third leading cause of death
worldwide®. Among the diseases spread throughout the
world, COPD occupies a leading position in terms of mor-
bidity and mortality, and are accompanied by a growing

! World Health Organization (WHO). The top 10 causes of death.
Available  from: https://www.who.int/ru/news-room/fact-sheets/
detail/the-top-10-causes-of-death.
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socio-economic burden on the healthcare system? [2].
Acute exacerbations are an integral part of this disease
and cause a rapid progression of the disease against the
background of a decrease in the quality of life, which
leads to significant economic costs® [3—6]. Patients with

2 Global Strategy for the Diagnosis, Management and Prevention of
Chronic Obstructive Pulmonary Disease. 2020, Report. Available from:
https://goldcopd.org/wp-content/uploads/2019/12/GOLD-2020-
FINAL-ver1.2-03Dec19_WMV.pdf.

3 Russian Respiratory Society. Federal clinical guidelines. Chronic
obstructive pulmonary disease. Available from: — Pexxum pgoctyna:
http://spulmo.ru/obrazovatelnye-resursy/federalnye-klinicheskie-
rekomendatsii/.

Volume X, Issue 2, 2022



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2022-10-2-187-197

a severe COPD are at high risk for community-acquired
pneumonia (CAP) [7]. The critical role of COPD in in-
creasing rates of pneumococcal pneumonia has been
supported by various independent studies. For example,
in Europe, the incidence of this pneumonia was 20 times
higher in the people with COPD [8, 9].

The official statistics* shows that 3.37 million cas-
es of pneumonia are registered every year, one third
of them requires hospitalization [10]. Acute exacerba-
tions of COPD and the development of CAP are the main
reasons for the patients to seek medical care. Strepto-
coccus pneumoniae often acts as an etiological factor
in the acute COPD exacerbation. Each subsequent exa-
cerbation is especially severe, accompanied by hospita-
lization of the patient, associated with a severe progno-
sis in terms of survival, so the prevention of infectious
COPD exacerbations seems critically important [11, 12].
Approximately 80% of the most severe cases of pneu-
mococcal infection (PI) are due to 20 pneumococcal se-
rotypes, most of which are included in modern vaccines
for the prevention of PI° [13, 14]. In the course of vari-
ous studies, it has been confirmed that pneumococcal
vaccination (PV) of COPD patients, reduces the number
of their hospitalizations associated with respiratory viral
infections. The results of the studies showed that after
vaccination with a pneumococcal conjugated 13-valent
vaccine (PCV-13), the ability to eliminate pneumococcus
from sputum was 65.6%, and after a year it decreased to
6.3% [13, 15, 16].

Thus, vaccination against Streptococcus pneumo-
niae is one of the most effective measures to prevent
pneumonia and reduce the frequency of COPD exacer-
bations [17]. In the future, vaccination of COPD patients
can significantly reduce the budget economic costs for
inpatient and outpatient medical care, sick leave pay-
ments [18, 19].

The prevention of exacerbations and CAP in COPD
patients is an important strategy in this pathology man-
agement. To do this, it is necessary to determine the risk
factors (RFs) that can be influenced to reduce the devel-
opment and frequency of exacerbations. Currently, the
main risk factors contributing to the development of se-
vere COPD exacerbations, are traditionally identified as
smoking, occupational hazards, the air pollution, an ex-
cessive alcohol consumption, respiratory infections, as
well as their combinations [20, 21]. An important trend is
the evaluation of the economic damage caused by the im-
pact of various risk factors. Thus, McKensey & Company
experts showed that in the world, the economic damage
from smoking and obesity is comparable to the damage
from all wars, terrorism and armed conflicts [22].

4 European Respiratory Society. European Lung White Book. Lausanne,
Switzerland: ERS / European Respiratory Society. Available from:
https://www.erswhitebook.org/files/public/Chapters/13_COPD.pdf

5 Zverev V.V., Kostinov M.P., Magarshak 0.0., et al. Rukovodstvo po
klinicheskoj immunologii v respiratornoj medicine [Guidelines for
Clinical Immunology in Respiratory Medicine]. Suppl. 2nd ed. Moscow:
MDB, 2018. — 304 p. Russian
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The analysis of ED of various COPD RFs is widely
reported in the world [1, 18, 23, 24]. A detailed moni-
toring of foreign and domestic studies of this problem
showed that the absence of vaccination as an indepen-
dent risk factor contributing to the development of CAP
and COPD exacerbations, had had not been previously
considered.

THE AIM of the article is the evaluation of the eco-
nomic damage (ED) from the risk factors (RFs) represent-
ed by the absence of pneumococcal vaccination in COPD
patients.

MATERIALS AND METHODS

Calculation of population attributable risk (PAR)

According to the literature database, at the first
stage of the study, the relative risk (RR) of developing
COPD exacerbations and the incidence of CAP associated
with the absence of PV as a risk factor was determined.
To do this, the available databases (Cochrane Library,
PubMed, Russian scientific electronic library eLIBRARY)
were searched for the studies on the PV effectiveness in
preventing the development of exacerbations and CAP
in COPD patients for the period from 2016 to 2021. The
search queries were performed in Russian and English
and included “pneumococcal vaccination in COPD pa-
tients”, “effectiveness of pneumococcal vaccination in
patients with COPD”.

Initially, 100 literature sources were identified.
Then they were selected according to the type and
content of publications (Fig. 1). The identical publica-
tions found in different databases, the works that are
not original studies, were excluded. The publications
that did not evaluate the effectiveness of vaccination
in COPD patients or were devoted to the study of the
effectiveness of pneumococcal polysaccharide 23-va-
lent vaccine (PPV-23) alone, were not subjected to the
review, either. In addition, the studies evaluating the
effects of vaccination in COPD patients with comorbid
pathology were excluded.

As a result, 10 studies were selected [16, 17, 25—
32], from which in 2017, the Cochrane systematic re-
view by Walters J.A. et al. [25] was chosen out as the
gold standard for high-quality, reliable information in
evidence-based medicine and healthcare. This review
included the results of 12 randomized controlled trials
(RCTs) and 2,171 COPD patients. The average age of
the participants was 66 years, 67% of them were men.
All participants had a COPD diagnosis from moderate
to heavy severity level. Compared to the controls, the
vaccinated group had a lower likelihood of developing
CAP (the relative risk (RR) 0.62, 95% confidence inter-
val (Cl) from 0.43 to 0.89; six studies, n = 1372; the
level of evidence — medium). The number of patients
requiring treatment to obtain an additional favorable
outcome (NNTB) (avoiding one episode of CAP) was
19 (95% CI from 13 to 52). Vaccination significantly

189



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

reduced the chance of a COPD exacerbation (OR 0.60,
95% CI from 0.39 to 0.93; four studies, n = 446; the
level of evidence: moderate). The NNTB for prevent-
ing an acute exacerbation in the patient was 8 (95%
Cl 5 to 58).

Further, in accordance with the data obtained, RR
was calculated separately for the development of acute
exacerbations and CAPs in non-vaccinated (1) and vacci-
nated (2) patients according to the formula:

a
RR::(a+b):, (1)
c
| (c+d) |
C
RR = LD ] (2)
a
| (a+b) |

’

where: RR is a relative risk; a is the number of exac-
erbations (CAPs) in non-vaccinated patients; b denotes
the absence of exacerbations (CAPs) in non-vaccinated
patients; c is the number of exacerbations (CAPs) in vac-
cinated patients; d denotes the absence of exacerba-
tions (CAPs) in vaccinated patients.

By calculating the RR, it is possible to show the as-
sociation strength between the influencing risk factor
and the outcome, e. i., how many times the probability
of exacerbations and the development of CAPs caused
by the lack of vaccination in COPD patients, increases. If
the development of exacerbations of COPD and CAPs is
higher in the non-vaccinated group, then the RR will be
higher than 1, if lower, then the RR will be lower than
1; if the probability in the two groups is the same, then
their ratio will be equal to 1°.

The PAR population attributable risk (PAR) was cal-
culated based on the FR and RR prevalence rates.

This indicator reflects the additional incidence in
the population associated with risk factors. In addi-
tion, with the help of PAR, it is possible to determine
the proportion of morbidity in the population asso-
ciaetd with this risk factor, i.e., the additional pro-
portion of a population risk. The PAR depends on the
degree the risk factors are widespread in the given
population:

paR - _Pol®R =D
P (RR —1) +1

where: P_ is the proportion of non-vaccinated indi-
viduals in the population (exposed to risk factors); RR is
the relative risk of developing a disease under the influ-
ence of the FR under consideration [33, 34].

To determine the proportion of the people exposed

6 Zhukova OV. Application of attributive statistics methods in
pharmaceutical and biomedical research (contingency tables).
Privolzhsky Research Medical University. — Kazan: Buk Limited Liability
Company, 2020. — 76 p. Russian
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to the FR is the lack of vaccination (UV), the number of
the non-vaccinated patients was calculated relative to
the total number of the people suffering from the COPD
registered in the Astrakhan region (AR), for the period
from 2015 to 2019:

where: N, is the number of non-vaccinated pa-
tients with COPD; H is the total number of patients with
COPD.

The total number of COPD patients was taken
from the state statistical observation form No.12 “In-
formation on the number of diseases registered in pa-
tients living in the medical organization service area”
in the Astrakhan region (AR) for the period from 2015
to 2019. The number of vaccinated patients was de-
termined by adding the number of pneumococcal vac-
cinations (PVs) for each year with the indicator of the
previous year, based on the data provided upon the
request by medical institutions of the city and region.
The number of non-vaccinated patients per year was
determined by diminution the sum of those vaccinat-
ed from the total number of the COPD patients during
the same period.

Calculation of government economic damage

in disease management of patients with

exacerbations of COPD and CAPs, due to RF

At the second stage of the study, the government eco-
nomic damage was calculated in the management of pa-
tients with exacerbations of COPD and CAPs, due to RFs.
The calculation was carried out according to the formula:

ED,, = PAR,, x DCs,

where: ED, is the economic damage from the risk
factor; PAR__ denotes the population attributable risk for
each analyzed disease associated with FR; DCs are direct
costs of treating COPD.

Direct costs were calculated in the earlier study
“Evaluating Socioeconomic Burden of COPD over a Five-
Year Period — Regional Aspect” [35].

Subsequently, the ED of COPD and CAPs exacerba-
tions were summed up.

Then, to determine PAR__for new non-vaccinated
COPD patients for the period of 2015-2019, the average
number of newly diagnosed patients were calculated.

Using the data obtained, the ED for CAPs was calcu-
lated for the first detected cases of the COPD exposed
to RF. The calculation was carried out according to the
formula:

ED,=PAR xDCs_,

where: ED is an economic damage from the risk
factor; PAR . is the population attributable risk for each
analyzed disease associated with RF; DCs_ denotes the
average direct costs of COPD treatment from 2015 to
2019.
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Table 1 — Contingency table for RR calculating of COPD exacerbations development

One exacerbation episode within a period

Risk factor e e Absence of exacerbations
Absence of vaccination 608(a) 392(b)
Vaccination 482(c) 518(d)

Note: a —the number of CAPs in non-vaccinated patients, b —the absence of CAPs in non-vaccinated patients, c —the number of CAPs in vaccinated
patients; d — the absence of CAPs in vaccinated patients.

Table 2 — Contingency table for RR calculating of CAP development

Risk factor One CAP episode within a period of 6 to 36 months Absence of CAP
Absence of vaccination 148(a) 852(b)
Vaccination 93(c) 907(d)

Note: a —the number of CAPs in non-vaccinated patients, b —the absence of CAPs in non-vaccinated patients, c —the number of CAPs in vaccinated
patients; d — the absence of CAPs in vaccinated patients.

Table 3 — Information necessary for PAR CAPs calculation, COPD exacerbations and their results

Indicators Period
2015 2016 2017 2018 2019 On average

Number of COPD persons 2 869 2788 2721 2913 3.180 2.894
COPD incidence (CAP first detected cases) 445 226 266 310 496 369
Annually vaccinated 333 138 559 617 940 =
Total number of vaccinated 333 471 1030 1.647 2.587 -
Non-vaccinated 2536 2317 1691 1.266 593 369
Proportion of non-vaccinated (P ) 0.88 0.83 0.62 0.43 0.19 0.13
PAR CAP 0.34 0.33 0.27 0.20 0.10 0.07
PAR exacerbations of COPD 0.19 0.18 0.14 0.10 0.05 0.03

Table 4 — Economic damage to regional healthcare system due to RF — absence of vaccination

Period
Indicators
2015 2016 2017 2018 2019
Direct COPD costs, mIn rubles 24.83 28.14 29.6 32.94 40.39
ED due to CAPs, mIn rubles 8.44 9.29 7.99 6.59 4.04
ED exacerbations of COPD, min rubles 4.72 5.07 414 3.29 2.02
ED due to CAP + COPD exacerbations, min rubles 13.16 14.35 12.14 9.88 6.06

Table 5 - Sensitivity analysis of the obtained results

Indicators
Changes in initial Basi
parameters 25% 20% 15% 10% 5% o 5% 10% 15% 20% 25%

Changeinvaccine price, 120 13¢5 1445 1530 1615 1700  1.785 1.870 1,955 2040 2125

rubles

Changeinthenumber 7, 595 314 332 351 369 387 406 424 443 461
of people

S VRO e s gmn amE e 0.63 066 069 070 075 078
costs, min rubles

Change in economic 2,43 2.59 2,75 2.92 3,08 3.24 3.40 3.56 3,73 3.89 4.05

damage, min rubles
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Figure 1 — Research selection methodology
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Figure 3 — Correlation of direct COPD and ED costs from exacerbations and CAPs
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Determining economic benefit of pneumococcal

vaccination of newly diagnosed COPD cases

At the third stage of the study, the calculation of the
pneumococcal vaccine prophylaxis cost was carried out
for the CAPs patients with the first diagnosed COPD. The
calculation was carried out according to the formula [36]:

Cost =Cost _ xN,
vp vac.

where: is the cost of vaccine prophylaxis; Cost __is
the cost of a medicinal product (vaccine); N is the num-
ber of patients to be vaccinated.

The cost of the vaccine was taken into account based
on the results of competitive tendering for the purchase
of pneumococcal vaccines held by the regional Ministry
of Health. The cost of PKV-13 “Prevenar 13” remained
unchanged for the entire study period and correspond-
ed to 1700 rubles’.

Next, the ratio of pneumococcal vaccination cost
for patients with CAPs of the first detected COPD and
the average possible annual ED from the occurrence of
COPD and CAPs exacerbations were calculated.

Sensitivity analysis of the study results

The study result was a sensitivity analysis of the re-
sults obtained in order to determine their resistance to
changes in the initial parameters. To do this, a one-way
sensitivity analysis was performed with a variation in the
price of pneumococcal vaccine and the number of pa-
tients by sequentially increasing them by 25% with a 5%
step.

The work with the data and their statistical process-
ing was carried out using MS Excel 10.0 (Microsoft Office
2010, USA). For these data processing, the method of
population attributive statistics was used; RR, PAR.

RESULTS

Based on the systematic review data, contingency
tables were compiled to calculate the OR (Tables 1, 2).

In accordance with the study program, the RRs for
the development of COPD exacerbations in vaccinated
and non-vaccinated PV patients were calculated and an-
alyzed.

RRs of non-vaccinated =
[608/(608+392)]/[482/(482+518)]=1.26
RRs of vaccinated =
[482/(482+518)]/[608/(608+392)]=0.79

The RR for COPD exacerbations in non-vaccinated
COPD patients based on the results of a systematic re-
view was 1.26 versus 0.79 in the vaccinated patients.

The relative risk is the ratio of the exacerbation of
COPD risk in the individuals exposed to the risk factor
(of the non-vaccinated) relative to a comparison group
(the vaccinated).

7 Procurement contract card of the Ministry of Health JSC No.
2301506815919000378. Available from: https://zakupki.gov.ru/
epz/contract/contractCard/document-info.html?reestrNumb
er=2301506815919000378.
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The next step was to calculate the RR for the CAP
development in vaccinated and non-vaccinated PV pa-
tients with COPD.

RRs of non-vaccinated =
[148/(148+852)]/[93/(93+907)]=1.59
RRs of vaccinated =
[93/(93+907)]/[148/(148+852)]1=0.62

Accordingly, the RRs for developing CAPs in the
non-vaccinated COPD patients was 1.59 versus 0.62 in
the vaccinated patients.

The obtained values may change when calculations
are carried out on a different sample, for this it is neces-
sary to determine how significant these changes can be.
To confirm the results of RRs for both groups of patients,
the confidence interval (Cl) was calculated. In COPD ex-
acerbations (95% Cl), the Cl of RRs was 1.163-1.368. For
the RR of the CAP development, (95% Cl) is 1.247-2.031,
which confirms the statistical significance of the results.

Thus, the RR calculation performed shows that
non-vaccinated COPD patients are 1.26 and 1.59 times
more likely to develop exacerbations or CAPs, respec-
tively.

The results of the RRs obtained from the data on the
COPD patients taken in the systematic review, allowed
us to create a computational model with which we can
evaluate the RFs in the regional population.

In order to evaluate risks in the population, it is
necessary to know how often the members of the pop-
ulation under consideration are exposed to risk factors.
This study was based on the data of the COPD incidence
registered in patients living in the service area of the As-
trakhan region medical organizations. We

PAR CAPs and COPD exacerbations were calculated
for the period of 2015-2019: The results are presented
in Table 3.

Thus, over the study period, with a decrease in the
proportion of non-vaccinated PV COPD patients, the
population risk of developing CAPs and exacerbating
COPD decreases, which is reflected in Fig. 2.

Having PAR indicators for the study period, the costs
of the regional healthcare system for the treatment of
CAPs and COPD exacerbations in the form of ED were
estimated.

As for the compulsory medical insurance (CMI) of
the AR healthcare system for the period of 2015-2019,
its structure of direct costs included direct medical costs
for hospitalization, outpatient treatment, calls for am-
bulances and emergency medical care. For the research
purposes, direct cost estimates (Table 4) from a previous
study assessing the economic burden of COPD in the AQ,
were extrapolated [35].

Having received all the necessary data, the ED from
the RF were calculated in accordance with the study pro-
gram. The results are presented in Table 4.

The calculations showed that, due to a decrease in
the proportion of non-vaccinated patients over a five-
year follow-up period, the ED from the RF due to CAPs
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decreased by 2.1 times, from COPD exacerbations by 2.3
times (Fig. 3).

Considering that new cases of COPD are detected
every year, these patients can be considered as a risk
group for exacerbations and CAPs due to the absence of
PV. The mean value of the non-vaccinated newly diag-
nosed patients with PV makes it possible to calculate the
mean annual ED from the occurrence of COPD and CAP
exacerbations. In this regard, a number of CAPs of new
COPD cases during the study period were analyzed. For
the period of 2015-2019, the average number of new-
ly diagnosed patients was 369 cases + 124 (from 245 to
493). The median number of COPD patients over the
same period was 2894. Then the percentage of non-vac-
cinated patients was calculated relative to the median
of the total number of COPD patients during the study
period, which made 0.13 or 13%. PAR CAP and exacer-
bations of COPD were determined as 0.07 (7%) and 0.03
(3%), respectively. The average DCs for COPD was calcu-
lated as the average value for 5 years under study, which
amounted to 31.18 + 4.4 million rubles. Based on the
results obtained, the ED was determined equal to 2.22
million rubles from CAPs and 1.02 million rubles from
COPD exacerbations. In total, this damage amounted to
3.24 million rubles. Next, we calculated the vaccination
cost of newly diagnosed COPD cases, which amounted
to 627,300 rubles (from 416,500 to 838,100 rubles).
Thus, in order to prevent an annual economic loss of
3.24 million rubles, the government must spend the sum
5.2 times less.

The sensitivity analysis demonstrated the stability
of the obtained results to changes in the initial param-
eters. If the vaccination cost is increased by 25% (both
due to an increase in the price of the vaccine and due to
the number of the vaccinated), then the indicators will
not go beyond the indicators of the economic damage
caused by the absence of vaccination (Table 5).

DISCUSSION

The COPD incidence among the adult population of
the Russian Federation shows a steady increase, thus
reflecting global trends. The increase in the incidence
rate for 2007-2017 amounted to 16.5%%. As the re-
sults of the SUPPORT?® study showed, in Russia, there
are more than 50% of patients with frequent exacer-
bations. A high risk of exacerbations and the CAP de-
velopment in COPD patients determine the importance
of preventing complications of this disease. Risk factors
make a significant contribution to the COPD progres-
sion and severity, so the study of risk factors plays an
important role in the effective allocation of resources

8 Chronic obstructive pulmonary disease as a socially significant
disease. XXVIII National Congress on Respiratory Diseases; Moscow,
October 17, 2018. — P. 54-60. Available from: https://umedp.ru/
upload/iblock/73b/GSK.pdf. Russian

® The 28" National Congress on Respiratory Diseases: a time for
innovations. Pulmonologiya. 2018;28(5):632-634. Available from:
https://umedp.ru/upload/iblock/73b/GSK.pdf. Russian
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for the prevention and treatment of COPD by health
authorities. In COPD studies, a significant attention is
paid to risk factors such as smoking, an excessive alco-
hol consumption, a low physical activity, etc. [1]. Thus,
the greatest contribution to the morbidity and mor-
tality from COPD is made by smoking (9.6%), arterial
hypertension (24%), an excessive alcohol consumption
(9%), a low physical activity (16%) [1]. These works are
carried out both in domestic and foreign studies [37,
38]. So, in the studies by Zhukova O.V. et al., the effect
of smoking on the COPD exacerbation is shown [37].
In another paper by this author, an attempt to link the
risk of developing CAP in patients with COPD with the
use of inhaled glucocorticosteroids has been made.
Against the background of cardiovascular diseases, a
trend towards an increase in the development of CAP
in COPD patients has also been shown [23]. The likeli-
hood of COPD occurring against the background of the
exposure to occupational hazards such as gas fumes
and dust, was demonstrated in the meta-analysis con-
ducted by scientists from the Russian Federation, Ka-
zakhstan and Azerbaijan [20]. In the work by Khalid F.
et al. [39], in Latin Americans under the age of 50 years
(7,565 people), the risk factors for early COPD were de-
termined as asthma (PAR — 26.5%), smoking (21.4%),
chronic sinusitis (6.7%). The aim of the study by Shul-
min A.V. et al. was the costs research related with to-
bacco-associated diseases, including COPD [24].

According to the data on the PV effectiveness of the
Chelyabinsk “City Pulmonological Center”, obtained for
2012-2015, vaccination provided a sevenfold decrease
in the number of hospitalizations keeping up to the re-
sults and 3 years afterwards of follow-up in comparison
with the control group [31]. Pneumococci often act as an
etiological factor of exacerbations and development of
pneumonia in the patients suffering from COPD, which
is of interest in studying the absence of PV as an inde-
pendent RF. When conducting an information search
in the available databases (Cochrane Library, PubMed,
e-LIBRARY), it was notified that there were no studies in
which the absence of PV was considered as RF complica-
tions of COPD.

In accordance with the developed research pro-
gram, based on the data of a systematic review using
the method of attributive statistics, the RR of COPD
complications was calculated to determine the pro-
portion of individuals in the regional population as-
sociated with the studied RF for the period of 2015—
2019. During the five-year follow-up period, there
was a decrease in PAR: with CAP from 34 to 10%,
and with COPD exacerbations from 19 to 5%. In the
process of calculating PAR, there was a positive ten-
dency to reduce the population risk of COPD compli-
cations against the background of an increase in the
number of vaccinated patients. The decrease in the
proportion of non-vaccinated patients corresponds to
a decrease in the total economic damage from COPD
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complications: from 13.16 million rubles to 6.06 mil-
lion rubles during the follow-up period. To assess the
cost-effectiveness of COPD complications prevention,
the ratio of the average number of non-vaccinated
newly diagnosed patients to the average annual eco-
nomic damage was calculated. The calculation of the
average PV costs showed that the costs necessary to
prevent the RF action will be 5.2 times less than the
possible annual ED. The results of the study indicate
that pneumococcal vaccination is an effective method
in reducing healthcare costs associated with the treat-
ment of COPD complications.

Study limitations

When analyzing the contribution of risk factors to
the development of COPD complications, the literature
data were used to determine the RR for CAP and COPD
exacerbations, which could affect the accuracy of the
PAR calculation.

CONCLUSION

CAP was the first study to assess ED using an attrib-
utive statistics methodology, in which the absence of PV
acted as RF. The results obtained suggest that pneumococ-
cal vaccination significantly reduces the risk of COPD ex-
acerbations and the CAP development. Reducing the risks
of COPD complications leads to a marked reduction in the
economic costs of the health care system, with significantly
lower costs for vaccination, which, in turn, makes this pre-
ventive measure economically viable. The determination
of the population risk makes it possible to provide people
with important information about the potential impact of
prevention programs and interventions on the health sys-
tem and will be extremely useful to health decision makers.
In addition to traditional financial aspects, investments in
population-based preventive measures have an important
social value, since a decrease in the burden of various dis-
eases leads to an increase in well-being, motivation and
harmonization of patients’ private lives.
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