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ABSTRACT

Relevance: Air pollution, recognized by the World Health Organization as a global threat due to its contribution to the development
of chronic and oncological diseases, is of particular concern in megacities such as Almaty, where pollution levels significantly exceed
acceptable norms and pose a serious risk to vulnerable population groups.

The study aimed to systematically review meta-analyses focused on the effect of air pollution on the risk of developing various types

of cancer, most relevant to the Republic of Kazakhstan.

Methods: This systematic review included publications from the PubMed, Web of Science, Scopus, Embase, and Cochrane Library
databases from 2000 to February 18, 2025. Only meta-analyses were included to investigate the association of air pollutants (PM2.5,
PM10, NO2, SO2, O3, VOCs, and others) with cancer. Relative risk (RR) parameters and pollutant concentrations were extracted for

the analysis.

Results: The review revealed significant correlations between exposure to air pollutants and an in-creased risk of developing
several cancers. The effect of pollutants on the risk of cancer is presented.

Conclusion: Air pollution is recognized as a significant risk factor for cancer and cancer mortality. In this regard, it is necessary
to develop state and individual environmental measures, including the implementation of IT and hardware solutions for monitoring and

improving air quality in residential and workspaces.

Keywords: air pollution, cancer, cancer risk, meta-analysis, PM2.5, NO2, Kazakhstan.

Introduction: Today, the negative impact of air pol-
lution on the respiratory and cardiovascular systems, as
well as overall quality of life, is recognized as a significant
problem in various geographical areas [1-3]. The connec-
tion between pollution and the development of cancer
has also attracted the attention of researchers [4, 5]. Ac-
cording to the World Health Organization (WHO), air pol-
lution causes millions of premature deaths every year,
and its contribution to the development of chronic dis-
eases and cancer pathologies is recognized as a global
threat [6].

According to a UNICEF policy brief [7], air pollution is
the main environmental health risk for children. Young
children are particularly at risk of death and illness from
air pollution [7]. According to the Institute for Health
Metrics and Evaluation (IHME, UK), in 2021, 6,441 child
and adolescent deaths from air pollution-related causes
were recorded in 23 countries and territories in Europe
and Central Asia, and the vast majority (85%) died in the
first year of life [8].

Among the major cities with high levels of pollution,
Almaty, Kazakhstan’s largest metropolis, holds a special
place. The city suffers from intense emissions from indus-
trial enterprises, vehicle exhaust gases, and unfavorable
natural conditions, including its geographical location in

a basin that limits natural air ventilation [9]. According to
environmental reports, concentrations of pollutants such
as PM2.5, PM10, nitrogen dioxide (NO2), and sulfur diox-
ide (SO2) in Almaty often exceed the maximum permissi-
ble levels [9, 10]. According to IQAir [11], a global air qual-
ity monitoring platform, PM 2.5 concentrations in Almaty
regularly exceed WHO ambient air quality guidelines by 17
times during the winter months [11]. Additionally, accord-
ing to a new World Bank study, cleaner residential heating
is one of the key factors in reducing air pollution in Kazakh-
stan’s cities [12].

The growing scale of the air pollution problem necessi-
tates not only environmental action but also a comprehen-
sive understanding of its health implications. This article re-
views the results of meta-analyses devoted to the impact of
air pollution on the risk of various types of cancer.

The study aimed to systematically review meta-analy-
ses focused on the effect of air pollution on the risk of de-
veloping various types of cancer, most relevant to the Re-
public of Kazakhstan.

Materials and methods:

Data sources and search strategy. This systematic re-
view comprised articles from the largest medical and en-
vironmental databases, including PubMed, Web of Sci-
ence, Scopus, Embase, and the Cochrane Library. The
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search was conducted for the period from 2015 to 2025.
The following keywords and their combinations were
used: “air pollution”, “carcinogenesis”, “cancer risk”, “me-
ta-analysis”, “particulate matter (PM2.5, PM10)”, “volatile
organic compounds (VOCs)", “nitrogen dioxide (NO2)”,

“ozone (03)". The review included only meta-analyses

that: (1) were published in peer-reviewed journals, (2)
contained data on the relationship between air pollut-
ants (PM2.5, PM10, NO2, SO2, O3, volatile organic com-
pounds (VOCs) and others) with the risks of developing
cancer of the most common types of cancer in the Re-
public of Kazakhstan.

Figure 1 - Typical state of the air basin in Almaty in winter (left) and autumn (right) periods

Study selection process. All retrieved publications were
uploaded to the EndNote bibliography manager. Dupli-
cate records were removed. Two independent research-
ers performed the initial screening based on titles and ab-
stracts. Full texts of the retrieved articles were reviewed
to determine whether they met the inclusion criteria. The
following parameters were extracted for data analysis: (1)
relative risk (RR), odds ratio (OR), or hazard ratio (HR) for
developing cancer, (2) air pollution levels in the analyzed
studies.

Ethical aspects. Since the work was based on the analy-
sis of already published data, ethical approval was not re-
quired. All studies included in the review met the ethical
standards set for primary data.

Results:

Breast cancer and traffic-related air pollution. Traffic-re-
lated air pollution increases the risk of breast cancer by
1.5% for every 10 ug/m3 increase in NO2 exposure [13]. Ad-
ditionally, combustion-related nitric oxide (NO) is oxidized
in air to form NO2, which plays a role in several stages of
cancer, including angiogenesis, apoptosis, cell cycle pro-
gression, invasion, and metastasis [14-16].

A systematic review by J. Tippila et al. included 25 par-
allel studies on the association between air pollution and
breast cancer, with a primary focus on PM2.5, PM10, and
NO2[17].In a study by JY Ou et al.[18], in a group of young
patients under 39 years of age, PM2.5 concentrations > 12
ug/m?® were associated with increased breast cancer mor-
tality, HR for 5 years = 1.50 (95% Cl from 1.29 to 1.74), HR
for 10 years = 1.30 (95% Cl from 1.13 to 1.50) [18]. A study
by A. Amadou et al. (2021) showed that long-term expo-
sure to benzo(a)pyrene in the ambient air is associated
with an increased risk of developing breast cancer - for

every 1 interquartile range (IQR) increase in benzolalpyr-
ene concentration (1.42 ng/m3), there was an increase in
the OR=1.15 (95% Cl: from 1.04 to 1.27), higher rates were
observed in women who had experienced the menopau-
sal transition and in patients with hormone-positive tu-
mors [19].

Proximity to roads is also a danger for children - one
study reported a borderline association (HR=1.4; 95% Cl:
1.0-1.9) between breast cancer risk and childhood proxim-
ity to a road with characteristics of high exposure to traf-
fic-related pollutants. The influencing factors included (1)
proximity, (2) presence of a median/barrier, (3) multiple
lanes, and (4) heavy traffic [20].

Lung cancer: Pooled estimates showed that NO2, EC,
and PM2.5 were associated with mortality from all caus-
es, cardiovascular diseases, coronary heart disease, res-
piratory diseases, and lung cancer (RR=1.04; 95% ClI: 1.01-
1.07) [21].

The study by B. Brunekreef describes the connections
between long-term effect of four pollutants (PM2.5, NO2,
BC, and 03) on health. The researchers found significant
positive associations between PM2.5, NO2, and BC and
death from natural causes, respiratory, cardiovascular
diseases and lung cancer, with moderate to high heter-
ogeneity between cohorts - for lung cancer, an increase
in HR was found only for PM 2.5, HR 1.13 (95 % Cl: 1.05-
1.23) [22].

A meta-analysis by Ramamoorthy et al. [23] involved
61 studies, including 53 cohort studies and 8 case-control
studies. PM 2.5 was the exposure pollutant in half (55.5%)
of the studies, and lung cancer was the most common-
ly studied cancer, in 59% of the studies [23]. A pooled
analysis of exposure from cohort and case-control stud-
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ies and cancer incidence showed a significant associa-
tion, RR=1.04 (95% Cl: 1.02-1.05). Significant associations
were observed between exposure to pollutants such as
PM2.5 (RR=1.08; 95% Cl: 1.04-1.12) and nitrogen dioxide
(NO2) (RR=1.03; 95% Cl: 1.01-1.05) and the incidence of
lung cancer. The association between air pollutant expo-
sure and cancer mortality showed a significant associa-
tion (RR=1.08; 95% Cl: 1.07-1.10). Among the four pollut-
ants, PM2.5 (RR=1.15; 95% Cl: 1.08-1.22) and NO2 (RR=1.05;
95% Cl: 1.02-1.08) were significantly associated with lung
cancer mortality. The study confirms the association be-
tween air pollution exposure and lung cancer incidence
and mortality [23].

JS meta-analysis by Pyo et al. included 19 studies that
assessed exposure to PM2.5 and PM10 [24].

The analysis showed that the incidence of lung cancer
was significantly increased by PM2.5 exposure (RR=1.172;
95% Cl: 1.002-1.371). All-cause mortality and lung cancer
mortality were significantly increased by PM 2.5 exposure
(HR=1.143; 95% ClI: 1.011-1.291 and HR=1.144; 95% Cl: 1.002-
1.307, respectively) [6].

Thus, the above meta-analyses confirm that air pol-
lution is a significant risk factor for the development of a
number of cancers. It should also be taken into account in
terms of long-term exposure and the effect on rare can-
cers.

Colorectal cancer. A meta-analysis of seven observa-
tional studies confirmed an association between PM2.5
exposure (per 10 pg/m? increment) and an increased risk
of colorectal cancer (RR=1.42; 95% Cl: 1.12-1.79). At the
same time, a higher Air Pollutants Exposure Score, pro-
posed by the study working group, was associated with an
increased risk of colorectal cancer (RR=1.03; 95% Cl: 1.01-
1.06) and worse survival (RR=1.13; 95% Cl: 1.03-1.23), espe-
cially among participants with insufficient physical activi-
ty and ever-smoking [25].

A meta-analysis of 30 cohort studies found that a
10 pug/m? increase in PM2.5, PM10, and nitrogen dioxide
(NO2) levels was associated with an increased odds of can-
cer mortality of 17% (95% Cl: 11-24%), 9% (95% Cl: 4-14%),

Figure 2 - UAVs developed by the research group and an example of analysis of city pollution by solid household waste using

and 6% (95% Cl: 2-10%), respectively. In particular, a 6.5
parts per billion (ppb) increase in NO2 was associated with
an increased odds of colorectal cancer mortality of 6%
(95% Cl: 2-10%) [26].

A meta-analysis including 13 studies found that
PM2.5 exposure was associated with a 12% (95% ClI:
1-24%) increased risk of developing gastrointestinal can-
cer. The largest associations were found for liver cancer,
where the risk increased by 31% (95% Cl: 7-56%), and for
colorectal cancer, where the risk increased by 35% (95%
Cl: 8-62%) [271.

A meta-analysis by P. Fu et al. found an association be-
tween PM2.5 exposure and an 18% (95% Cl: 9-28%) in-
crease in the risk of colorectal cancer incidence and a 21%
(95% Cl: 9-35%) increase in mortality from it [28].

Discussion: Environmental problems in Kazakhstan
are linked to urban growth, the use of coal and oil for elec-
tricity and heating, and the mining industry [29]. The in-
tensive development of natural resources, often without
considering their environmental impact, inevitably leads
to land and soil pollution [29]. Worth noting, Almaty, the
largest city in Kazakhstan, has one of the highest levels of
air pollution [30]. The main sources of pollution are emis-
sions from industry, motor vehicles, and heating systems
[9]. The city’s geographical location in a basin at the foot
of the mountains significantly limits natural air ventilation,
exacerbating the situation with air pollution [9-11].

In winter, the concentration of pollutants such as
PM2.5, PM10, NO2, and SO2 can exceed the maximum
permissible levels by 10 to 17 times [11]. This poses a di-
rect threat to the health of city residents, increasing the
risk of developing cancer, respiratory, and cardiovascular
diseases. It should be noted that current scientific work
focuses on the impact of pollution on cancer incidence,
but does not assess the condition of cancer patients af-
ter cancer-related interventions. This direction can be a
point of growth in assessing outcomes after interven-
tions, as well as in comparing the effectiveness of various
interventions in patients across regions with differing en-
vironmental conditions.
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Given the risks described, it is necessary to take pro-
active measures to minimize the impact of air pollution
on public health. This includes both government initi-
atives to adopt environmentally friendly technologies
and enhance air quality monitoring, as well as individ-
ual efforts, such as utilizing modern software and en-
gineering solutions to improve air quality in residential
and workspaces. Environmental education programs,
the introduction of energy-efficient technologies, and
the development of public transport can also become
an important part of the risk mitigation strategy. One
of the areas that the CUES scientific group is proactive-
ly pursuing is the development of monitoring the city’s
environmental status using uncrewed aerial vehicles
(UAVs) [29]. The introduction of UAVs will help to better
monitor the environmental status and assess the dan-
ger of individual areas of the city, and, together with
other technologies, provide a contour for assessing per-
sonal environmental safety and identifying measures to
reduce risks.

Thus, decisive actions and coordination of efforts at
the state, public, and individual levels are necessary to im-
prove the environmental situation and reduce the nega-
tive impact of air pollution on public health in Almaty and
other cities with similar geographical conditions.

Conclusion: The above material suggests the need to
develop environmental measures to counteract air pol-
lution that affects oncological diseases. It is necessary to
conduct educational activities among oncologists to in-
crease awareness of the risks associated with environmen-
tal pollution.
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3epmmeyoin maxcamor — 6y1 sepmmeyoiy magcamul Ayanviy nacmanyvinoiy Kasaxcman PecnyOnukacel ywin neeypivim 03exkmi 601bin
MmaodwvLIamuvlH OHKOJIO2UANLIK AypYIapObly dpmypii myplepiniy 0amy Kaynine ocepine apHalean mMema-manoayiapea sxcytieni woiy 60avin

mabwvLiadvl.

Qoicmepi: JKyiieni wony PubMed, Web of Science, Scopus, Embase swcone Cochrane Library depexxopaapvinoazer 2000 srcvinoan 2025
gicwlnzbl 18 aknanaa Oetiinei kezenoe Jcapusiianzan eHbexmep He2izinoe dcacandvl. Ayansl nacmayuel 3ammaposiy (PM2.5, PM10, NO2, SO2,
03, VOCs sicone m.0.) kamepii iciknen 6QuIaHblColH 3epMmenmin Mema-manoayiap 2ana Kammoli0bsl. Tanday yuwin carpicmelpmaisvl moyexen
napamempaepi (RR) srcone nacmayuwivt 3ammapOoviyy KOHYEHMPaAYUusaCcsl aablHObL.

Homuocenepi: [llony ayanel nacmayuivl 3ammapoviy ocepi MeH Oipkamap OHKONOSUSILIK AypYIapoObly 0amy KAayniHiy Jcoeapbliaybl
apaceinoazvl aumapiblKmai KOppeasyusinsl anblkmaobl. Jlacmaywvl 3ammapovly Kamepai icik Kaynine ocepi yCblHblI2AH.

Kopvimuinowi: Ayanviy nacmanyvl Kamepii icik nen Kamepii icik aypybinan O0IamvlH O1iM-JICIMIMHIY MAbL30bL KAYIn akxmopsl peminoe
manwvliovl. Ocvlean 6AUIAHBICMbL MYPEbIH JHCIHE HCYMBIC OPLIHOAPLIHOARHL AYa Canacvli baxwlaay Jcowne scakcapmy ywin IT - scone hardware
wewimoepin enzizydi Koca aneanod, MemMaeKemmiK HCOHe HeeKe IKOIOSUSIbIK Wapaiapobvl 93ipaey maian emiieoi.

Tyitinoi co30ep: ayanvly 1aCMARybl, OHKOLOSUALBLK AYpYIap, Kamepai icik oamy Kayni, mema-manoay, PM2.5, No2, Kazaxcman.

AHHOTANUA

3ATPSA3HEHUE BO3JIYXA Y PUCKH PA3BUTHUS OHKOJIOTMUECKHX 3ABOJIEBAHUIA:
OB30P META-AHAJIN30B

I.C. Kpacnos', A.M. T'uzamynnuna®, T.A. Tacmaiioex'?, A.T. Manwapunosa', P.U. Myxameoues'>, A. Coimazynos'

'Kasaxckuit HaLMOHanbHbIN 1CCreaoBaTenbCkuil TexHuyeckui yHueepeuteT umenn K. Catnaesa, Anmatel, Pecnybnuka Kasaxcrah,
HYO «KasaxcraHcko-Poccuitckuit MeanumHekuii YHusepcuteT», Anmarsl, Pecnybnuka Kasaxcrar;
SMHCTUTYT MHDOPMALIMOHHBIX 1 BbIYMCTIMTENbHBIX TexHoNoruiA MHBO PK, Anmartsl, Pecnybnuka KasaxcTan

Axmyansnocms: 3azpsasnenue 86030yxa, npusHannoe Becemuprou opeanusayueil 30pagooxparerus e100aibHoll yepo3oil u3-3d e2o 6K1aod
6 paszgumue XpPOHUYECKUX U OHKOJIOSUYECKUX 3a00]1e8anUll, 8bl3bl8aei 0COOYI0 MpPeocy 6 Me2anoaucax epode Aamameol, 20e €20 yposHu
BHAUUMENLHO NPEBLIUIAION HOPMbL U 0COOEHHO ONACHbL OIS YSA36UMBIX SPYNN HACELEHUSL.
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Henv uccnedosanus — cucmemamuueckuii 0030p Mema-aHaIu308, NOCGAUJCHHBIX GIUAHUIO 3A2PAZHEHUS B030YXA HA PUCK PA3GUMUS
PA3IUYHBIX 8UO08 OHKONIO2UYEeCKUX 3a00aeeanuil, Hauboree akmyanvhvlx 05 Pecnybonuxu Kazaxcman.

Memoowvr: Cucmemamuyeckuii 0630p OblLL 8bINOIHEH HA OCHOGe nybOaukayuil uz 6az oannvix PubMed, Web of Science, Scopus, Embase u
Cochrane Library 3a nepuod ¢ 2015 no 2025 200s1. Bkarouanucs monivko Mmema-ananiusel, ucciedyrouue cesa3b 3azpsasnumeneil 6030yxa (PM2,5,
PM10, NO2, SO2, O3 u dpyeux) ¢ onkonrocudeckumu 3a001e6anusmu. [ anaiuza useiekaiucs napamempvl ommocumenbhozo pucka (RR) u
KOHYEeHMPayuu 3a2pAa3HAIOUUX 6eujecms.

Pesynvmamur: O630p 6b1A6UN 3HAYUMENbHBIE KOPPENAYUU MeAHCOY GO30eUCmEUEeM 3azps3Humeneti 8030yxXa U NOGLIUUEHHbIM PUCKOM
pazeumus pso0a oHKono2uueckux 3aboneeanuil. Illpeocmasneno enusnue 3azpasnumenetl Ha pUck OHKOJI02U4ecKux 3a0onesanuil.

3aknwuenue: 3acpaszunenue 8030yXa NPUBHAHO 3HAYUMBIM (QAKMOPOM PUCKA PA3GUMUS PAKA U CMEPMHOCMU OM OHKOLO2UYECKUX
3abonesanuil. B ceaszu ¢ smum mpebyemcsa paspabomra 20cy0apCmeeHHblX U UHOUSUOYANbHBIX IKOIOSUHECKUX MeD, 6KIIUAs 6HeOpeHue
NPOSPAMMHBIX U UHICEHEPHBIX peenull 01 MOHUMOPUH2A U YYUULEHUS KAYeCMEad 6030YXA 6 JHCUNbLX U PAOOUUX NOMEUCHUSX.

Kniouegvle cnosa: 3azpssnenue 6030yxa, OHKoI02UHeCKUe 3a00/1e6anUs, PUCK passumus paka, mema-anaius, PM2,5, NO2, Kazaxcman.
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