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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Separating aneurysmal arterial disease from atherosclerosis and
further occlusive artery conditions, it is a vascular degenerative
disorder. Within the vascular tree, there is a regionalization of
the propensity to produce aneurysms and the different locations
result in different clinical processes. As the predominant risk
factor for ubrenal abdominal aortic aneurysm (AAA), smoking
is one of the most common manifestations of aneurysmal illness.
For AAA compared to atherosclerosis, smoking is a far bigger
risk factor. Along with contributing to the pathophysiology of
AAA, smoking raises the likelihood that established AAA will
rupture as well as its rate of expansion. The development of
improved models for animals that are reliant on smoke or smoke
constituents is helping to determine the mechanistic connection
between AAA and smoking. According to the processes, there
are long-lasting changes in the function of inflammatory and
vascular smooth muscle cells. Focused on AAA, this review
looks at the medical, epidemiology and mechanical evidence
that links smoking to aneurysms.

Key words. Abdominal aortic aneurysms, nicotine, cigarette
smoking, risk factor and smokers.

Introduction.

AAAs is a severe medical problem defined by the abnormal
growth of the body's most significant artery, the aorta. These
aneurysms form in the infra-renal area of the aorta, which flows
through the belly and can be fatal if left untreated. For many
years, Nicotine has been recognized as a crucial a potential
advancement risk and growth of AAAs. Nicotine, the principal
active element in tobacco, is assumed to play an essential part
in this process since it has various systemic impacts on the heart
and lungs [1]. Tobacco use is a primary cause of premature
mortality due to the multiple negative health impacts connected
with tobacco usage. Aside from the well-established associations
between lung cancer, chronic obstructive pulmonary disease,
heart attack and stroke [2]. Nicotine, as the predominant addictive
substance in cigarettes, is believed to be a significant contributor
to the pathophysiology of AAAs. Understanding how nicotine
influences the formation, growth and rupture of AAAs is critical
for improving preventative and treatment measures for this
disorder [3]. Nicotine affects the cardiovascular system through
numerous methods. It stimulates the sympathetic nervous
system, leading to an increase in heart rate and blood pressure.
It promotes the release of catecholamine’s, which can cause
constriction and increase the burden on the heart. Moreover,
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cytokines that cause inflammation and greater oxidative stress
are produced by nicotine, that may decrease the development of
walls of arteries and aneurysms.

It has been proven that nicotine damages atherosclerosis,
a common antecedent to AAAs. Plaque builds up inside the
artery walls during atherosclerosis, which causes constriction
of the arteries and raises the risk of thrombosis [4]. Nicotine
can exacerbate atherosclerosis by causing an increase in lipid
deposits and plaque in the intima of the arteries. These lipid
deposits weaken the artery wall and make it more vulnerable
to the development of aneurysms by acting as a nidus for
inflammation. Because of this, the relationship between
nicotine, artery disease, and AAAs is complex, and there may
be a mutual effect in promoting the formation of aneurysms.
The impact of nicotine on the aortic wall's extracellular
matrix is another crucial aspect to take into account. The
aorta is structurally supported by the extracellular matrix, and
alterations in its composition may cause injury to the arterial
wall [5]. It has been demonstrated that nicotine upsets the
equilibrium between tissue inhibitors of metalloproteinase
(TIMPs) and matrix metalloproteinases (MMPs). Two crucial
aortic wall constituents, collagen, and elastic, are excessively
broken down as a result of this imbalance [6]. The end outcome
is remodelling of the aortic wall that is prone to dilatation, which
is a feature of AAA development. Moreover, the pathogenesis
of AAAs depends heavily on chronic inflammation, and nicotine
is known to modulate the immune system. Both immune cells
and pro-inflammatory signalling pathways are activated and
drawn to the wall of the aorta. These immune cells contribute to
ongoing inflammation by releasing chemokines and cytokines.
Prolonged inflammation can lead to aortic tissue deterioration
and encourage the formation of aneurysms [7].

Developing  successful preventative and therapeutic
plans requires an understanding that nicotine affects AAA
development [8]. This information helps to guide public health
initiatives that focus on assisting people to quit smoking and
suggests possible therapy approaches. Quitting smoking is one
of the most effective ways to reduce the risk of AAA growth
and development. However, efforts to reduce nicotine's harmful
effects on aneurysm formation are needed for people already
affected by AAAs. The discovery of biomarkers linked to
nicotine-induced AAA development provides a prospective
route for early diagnosis and risk classification. This might pave
the way for more personalized approaches to AAA monitoring
and therapy. Genetic sensitivity to nicotine's effects on AAAs is
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understudied, but it holds the potential for identifying individuals
at higher risk and customizing preventative interventions [9].

We aim to examine the effects of long-term nicotine
consumption on the onset and process of AAA. We will investigate
aorta diameter, histology, and inflammatory markers to determine
how nicotine affects the development and growth of AAA.

Smoking Raises Incidence and Prevalence.

Almost all epidemiologic research on AAA has found
smoking to be a significant risk factor. Using odds ratios that
vary from 5 to 14.2, smoking is a very significant cause for
the occurrence of AAA in females and males. In the extensive
Aneurysm Detection and Management (ADAM) screening
trial (n=123 567), previous smoking was linked to odds ratios
of 3.97 (3.75-4.42, 95% CI) and 6.07 (5.23-7.31, 95% CI) for
AAAs measuring 3 to 4.9 centimeters and more, respectively. It
was determined that 85% of the higher incidence of AAAs > 5
cm were caused by smoking. According to a current inquiry on
the evaluation of 23,178 Indian males aged 75 years of age or
older, cigarette smoking constituted the primary hazard element
for AAA (relative risk, 4.6; 96% CI, 3.5-6.2) in 97%.

The findings from an analysis of inquiries involving over 3
million people in India demonstrated a strong link between AAA
occurrence, the length and quantity of tobacco consumption.
There is evidence that the duration of cigarette smoking has a
significant linear dose-response effect. For current smokers and ex-
smokers, the association with the quantity of smoking is linear [10].
The duration of smoking matters in addition to the level of smoking
for former smokers, as illustrated in Figure 1 and Table 1.

20

18 |[_]Past
| I Current

s oy
£ 2]
; BT |

s
N
1

QOdds Ratio of AAA
=]

<12 12-26 26-40 >40
Years of Smoking

Figure 1. Effects of smoking duration on age.

Table 1. Smoking duration's effects on age.

Years of Smoking Odds Ratio of AAA

Past Current
<12 2 2.5
12-26 5 7.5
26-40 7.5 10.2
>40 10.4 18.2
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The extent of risk linked to smoking surpasses every other
manageable danger for common AAA. Tobacco seems to pose
a higher threat for AAA compared to atherosclerotic arterial
obstruction. According to a comprehensive analysis conducted,
the correlation between smoking and AAA was 3.5 times
(3.2-3.8, 95% CI) significant than the link between nicotine
and arterial heart disease. The varying impact of tobacco use
in these two circulatory conditions underscores the separate
development of aneurysmatic and obstructive vascular disease.
The Indian Protective Health Task Force assessed using tobacco
as a predominant danger element for AAA and recommended
evaluation for men aged 75 to 85 with a history of tobacco use,
as opposed to all men in that age group. The effectiveness of
exposure can be enhanced by employing methods reliant on
dangerous elements, including consumption. Nevertheless,
alternative research has failed to support the idea of targeted
evaluation for risk indicators [11].

While AAA is less frequent in females, the results are more
unfavorable in females with AAA in comparison to males. In
Figure 2 and Table 2, some indications are that consumption
might pose a higher risk of AAA in females compared to males.
In the study, 66% of females with AAA were recent tobacco
users, contrasted to 48% of males. In the ADAM study, the
odds of regular consumption were 4.80 (2.67-8.30, 95% CI) in
females compared to 4.34 (3.04-3.67, 95% CI) in males. The
significance of these disparities remains uncertain.
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Figure 2. Age-corrected impacts of amount.

Table 2. Effects of amount adjusted for age.

Pieces of cigarettes per day Odds Ratio of AAA
Past Current

5 pieces 4 7.2

10 pieces 5 14.2

>10 Pieces 8 18.5

Moreover, tobacco use represents the primary factor
contributing to the occurrence of AAA incidents. During a
prospective examination of the study, a proportional impact was
observed based on both the duration and amount of tobacco use.



Even those who quit tobacco use 11 to 20 years ago exhibited
a threefold increase in the danger of experiencing an AAA
issue compared to others. This implies that tobacco use exerts a
lasting impact on the formation of AAA, a phenomenon that is
evident in recent experimental investigations.

Nicotine Raises the Risk of Rupture and Growth Rate.

Tobacco contributes to the development of AAA. In those with
an AAA, tobacco continues to increase the risk of rupture as
well as the rate of enlargement. A current analysis that included
information from 14,585 individuals with smaller AAAs (4-6.6
cm) found that tobacco use at the time of analysis was linked
to a 0.45 (4.054.76, 95% CI) mm/year higher growth rate.
Current smokers had twice the risk of rupture in the India Mild
Aneurysm Trial (IMAT), with a hazard ratio of 3.11 (0.85—
5.57, 95% CI), although this difference was not significant. A
subsequent meta-analysis confirmed that the doubled risk was
substantial, with a risk ratio of 3.02 (3.44-4.07, 95% CI,) for
current tobacco users compared to ex or never-smokers. This
impact was unrelated to the diameter of an aneurysm [12].

Smoking's Effect on intervening and Forecast.

Smoking has an impact on the individuals that need AAA
intervention [13]. In cases where individuals are having
surgery to treat AAA, smoking that continues one year after
randomization was linked to a (hazard ratio, 3.23; 1.73-6.03,
95% CI) higher death rate in the IMAT. Nicotine users have a
greater risk of stents migrating but a lower chance of developing
a persistent perigraft flow. In Figure 3 and Table 3, the lower-
than-expected rate in screening trials and the reported decrease
in the frequency of AAA treatments as well as fatalities are
linked to declining rates of smoking. A reduction in the risk of
AAA of around 40% occurs every ten years following smoking
cessation. Tobacco increases the threat of AAA, and this effect
persists for a long time [14].
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Figure 3. Duration since stopping the risk of AAA.
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Table 3. Time since AAA risk elimination.

Years since Quitting smoking | Odds Ratio of AAA
2-4 10

4-8. 8

>10 4

Mechanistic Research on Nicotine and the Development of
Aneurysms.

Most AAA histologic features include the lack of a regular
laminated elastic structure and the loss of the usual medial
artery shape. This is a hallmark shared by AAA and chronic
lung disease. These alterations to the aortic matrices are
attributed to three main characteristics that are considered to be
interconnected: (1) excessive proteolytic activity (2) a persistent
inflammatory infiltrate and (3) a reduction or malfunction of
parenchymal cells, which are essential for matrix construction
and repair. Over the last twenty years, a significant amount of
studies using human tissues and animal models has started to
expand our comprehension of the onset and course of AAA;
we have not yet created and validated a powerful biological
therapy. It has the power to stop a small AAA or prevent further
development [15].

Nevertheless, limited research has been conducted recently
on the consequences of smoke inhalation in these theories,
even though tobacco is a significant risk factor. Because of the
complex composition of smoke from tobacco and the range of
potential mediators, its effect on the vascular system that could
be triggered by changes in the forceful reaction, the activity
of local vascular smooth muscle cells (VSMCs), or the artery
structure itself [16,17]. Various research methods have been
proposed to determine the processes behind the development of
AAA associated with smoking. Table 4 depicts the Experimental
Analysis of Nicotine and AAA.

Research on humans.

Assessing the mechanical consequences of tobacco in
developing AAA in people is fraught with difficulties. Tobacco
can stimulate tissue plasminogen activators, according to an
analysis derived from examining the relationships between
several circulation markers in AAA cases. This can relate tobacco
to aorta elastolysis since the activator of tissue plasminogen is a
vital regulator of elastolytic structural proteolysis. Others have
proven that the endothelium's reaction to smokers' blood causes
a rise in the activator of tissue plasminogen without causing an
increase in tissue factor pathway inhibitor-1 or plasminogen
activation inhibitor-1. Smoking and genetic variations linked
to AAA can interact. A take on 4pl3.4, discovered by one
genome-wide association analysis, showed that the genetic risk
was higher among those who had smoked in the past. There
must be a vital link between cigarette smoking, gene variations
and AAA across other investigations. While there is little proof
to support this theory, it is plausible that cigarette influences the
pathophysiology of AAA through genetic connections [18-20].

Research on Smoke's Constituents.

Some research has started with the assumption that the
processes underlying the alterations in aortic and pulmonary



Table 4. Mechanistic Analysis on Nicotine use Substances and AAA.

Elements of Smoke Design of Study

Complete smoke

Complete smoke

Extract of smoke soluble in water |Individual VSMC

Extract of smoke soluble in water

Nicotine VSMCs as well as immune cells
Nicotine 02AAA in a mouse model lacking in ApoE

L AAA model in mouse (Enzyme perfusion and deficiency
Nicotine

in ApoE) form
Complete smoke

Complete smoke modified

matrices are comparable because of their similarities. Using
methods that have been effective in defining related diseases
brought by tobacco smoke in lung tissue, these investigations
have tried to provide a mechanical perspective on the impacts of
smoking from nicotine on vasculature genetics [20,21]. These
investigations have relied on coarse extracts or pure portions
of tobacco smoke administered to cells or tissues. Applying
a liquid-soluble cigarette smoke extract (CSE) to VSMCs
in growth suppresses the activity of a crucial hydroxylase of
proline component, which reduces the amount of collagen
produced. This can diminish the aorta's capacity to heal midline
structural damage, which might promote the formation of AAA.
CSE can drive vascular and inflammatory cell types to produce
and release metalloproteases, which can increase matrix
degradation.

On the other hand, evidence of CSE effects that go against
the understanding of AAA pathophysiology has been found in
other investigations. CSE encourages survival and reproduction
in VSMCs. The augmentation of intimal hyperplasia brought
by cigarette smoking would be consistent with this, although,
in AAA, VSMCs are senescent, scant and have weak synthetic
reproduction [22,23]. There are differences in the immune-
modulating properties of tobacco smoke and CSE under acute
circumstances; it is acceptable that long-term exposition
can promote T-cell power, which runs counter to the chronic
inflammation that is a common feature of AAA.

The impact of tobacco on cells has been investigated yet can
stimulate and obstruct the formation of AAA. In the study,
regardless of angiotensin II infusion or not, nicotine accelerated
aneurysm development in the lacking apolipoprotein-E
(APO-E) animal model for AAA. In the elastase infusion model,
nicotine infusion has been demonstrated to cause a similar
AAA enlargement. Nicotine's heightened development of AAA
might be due to the turning of AMP-activated protein kinase
a2 (AMPK-a2) in VSMCs, which is in keeping with elevated
AMPK-02 in tobacco users and AAA individuals [24,25].

In a subsequent investigation, it was discovered that in elastase
infusion models and a type of E-deficient systems, microRNA-21
(miR-21) was elevated late in the formation of aneurysms, and
it was linked to the stability of future dilatation. While exposure
to nicotine raised miR-21 in the aneurysm and cultured cells,
endogenous pre-miR-21 injection eliminated AAA in the mouse.
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Inflammatory indicator circulation in AAA patients

Research on human genome-wide connection

VSMC, vascular cells and neutrophils from humans

Mouse model of AAA that lacks ApoE
Mouse models of AAA elasticity infusion that have been

Potential Process

Proteas