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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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, 

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.

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

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.

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. 
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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 (4.05–4.76, 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].

Figure 3. Duration since stopping the risk of AAA.

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 4p13.4, 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 
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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 
α2 (AMPK-α2) in VSMCs, which is in keeping with elevated 
AMPK-α2 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. 

Regarding nicotine's impact on AAA production and miR-21, 
some evidence points to the possibility that under stress, they 
can be managed in cells and the connection between the two 
different processes of AAA growth related to nicotine intake is 
unclear. It is known that hypoxia causes an increase in miR-21 
and AMPK. There is evidence that when cells from glioma are 
under stress, both miR-21 and AMPK might increase. To clarify 
the involvement of miR-21 and AMPK in nicotine-enhanced 
AAA, further research on their downstream consequences 
are required in connection to whole-animal nicotine exposure 
[26,27].
Models Including Tobacco Deposition in Vivo.

Analyses on the components of cigarette smoke provide 
valuable insights into how tobacco smoke affects the formation 
of AAA, but they are sometimes constrained by three 
presumptions. First, the restricted poison cocktail added to these 
cultured cells would cause an in vivo reaction similar to what 
occurs when a person breathes in smoke from cigarettes. Second, 
for a more complex combination, the examined component will 
cause the same reaction. Finally, exposure to tobacco smoke 
components can trigger established illness pathways. None of 
these assumptions have been examined or proven to be true. 
To better understand the biological response to nicotine in the 
aorta due to tobacco inhalation and to validate the mechanistic 
pathways established by smoking component assessments, 
studies investigate the vivo effect of nicotine on AAA formation 
are essential.

Although cigarette exposure has been used to simulate lung 
disease in mice, no phenotype of aneurysm has been observed. 
Several researchers have used the elastase infusion models or 
the angiotensin receptor II-treated APO-E deletion paradigm 
to demonstrate smoke-enhanced AAA formation. Similar 
to human disease, there is a recurring increase in the risk of 
aneurysm formation even years after quitting smoking. In the 
elastase perfusion model, a short exposure to tobacco use (6 
weeks) causes a persistent increase in the development of AAA 
at least eight weeks after quitting. Neither protease inhibitors 
nor the genetic deletion of elastolytic factors can stop the 
impact of smoking on the formation of aneurysms. Smoking 
does not change the aorta's ultrastructure on its own, but it does 
increase T-cell infiltration in the artery due to elastic damage. 
The discovery that transferring adaptive immune cells through 

Elements of Smoke Design of Study Potential Process

Complete smoke Inflammatory indicator circulation in AAA patients Protease activation due to elevated Tissue 
Plasminogen Activator (TPA) in smokers

Complete smoke Research on human genome-wide connection Smoking's correlation with AAA on 4p13.4 and 
genetic alterations

Extract of smoke soluble in water Individual VSMC Inhibition of prolyl-4-hydroxylase 
Extract of smoke soluble in water VSMC, vascular cells and neutrophils from humans Elevated production of MMP 
Nicotine VSMCs as well as immune cells Several
Nicotine α2AAA in a mouse model lacking in ApoE AMP-stimulated kinase proteins 

Nicotine AAA model in mouse (Enzyme perfusion and deficiency 
in ApoE) form Aortic dilation stabilisation is linked to miR-21

Complete smoke Mouse model of AAA that lacks ApoE Enhanced Expression of MMP Gene 

Complete smoke Mouse models of AAA elasticity infusion that have been 
modified Modified T-cell reaction

Table 4. Mechanistic Analysis on Nicotine use Substances and AAA.
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smoke-exposed mice to creatures free of smoke resulted in an 
elevated aneurysm phenotype was even more surprising. These 
findings imply that smoking can accelerate the development 
of aneurysms by causing long-term changes in lymphocyte 
function, particularly in the case of T cells. Figure 4 depicts the 
nicotine and smoke exposure of AAA [28, 29].
Combining Recent Nicotine Experiments on AAA.

Examining the effects of inhaling a complicated mixture 
of possible poisons found in smoking cigarettes on veins is a 
challenging task for scientists. It's essential to understand that 
in vivo inhalation produces an irregular dosing of combustion 
byproducts, various biological actions, and affinities for 
movement during the transportation of Tobacco-smoke 
emissions to the target tissue, the aorta. Unknown interactions 
between ingested tobacco, circulating cells and enzymes could 
occur. Major tobacco smoke constituents, like nicotine, are 
simple to investigate individually that have produced promising 
results in animal and cell culture experiments that align with 
our expectations about the impact of tobacco on artery disease.

Caution must be exercised when interpreting these studies on 
specific smoke components. Different responses to the selected 
simplified exposure have contributed to the contradictory 
outcomes observed in some of these studies on smoke 
components. An essential tool for confirming putative pathways 
associated with tobacco components is the advanced aneurysm 
models that utilize inhalation of cigarette smoke exposures [30].
Conclusion.

The relationship between nicotine from cigarettes and the 
growth of AAA is complex and multifaceted. Smoking, without 
a doubt, impacts the increase and advancement of AAA. But it's 
not the reason for AAA, with 10% to 15% of instances observed 

in nonsmokers. This highlights how little we understand 
about the pathology of AAA. The ability of upgraded AAA 
models with smoke to withstand elastic protease inhibitors is 
a remarkable discovery. Understanding the particular pathways 
linked to smoking is required to shed light on novel treatments 
for avoiding or reducing the creation of AAA. Even so, there 
is limited evidence that quitting smoking either eliminates or 
reduces the requirement for AAA therapies. Medical economics 
implies that it is a cost-effective strategy that should be 
prioritized for the AAA patients.
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