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Abstract:

Tobacco smoking remains a leading modifiable risk factor for numerous systemic and oral diseases, with
substantial global health consequences. This review highlights the interconnected mechanisms through which
smoking influences oral homeostasis, cardiovascular function, and pulmonary health. Nicotine and tobacco-
derived toxins disrupt gingival microcirculation and promote oral microbial dysbiosis, facilitating periodontal
disease progression. Chronic periodontal inflammation subsequently contributes to systemic inflammatory
burden, endothelial dysfunction, and atherosclerosis, thereby elevating cardiovascular risk in smokers.
Additionally, smoking-induced alterations in the oral microbiome may extend to the lower respiratory tract,
exacerbating chronic pulmonary diseases such as COPD. Understanding the complex oral-pulmonary-
cardiovascular axis is critical for developing comprehensive strategies aimed at reducing the burden of smoking-
related diseases. This article focuses specifically on the role of smoking in cardiovascular and pulmonary
pathologies, emphasizing the need for integrated approaches that address oral health as part of systemic disease
management.
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I. Introduction

Tobacco smoking remains one of the most important modifiable risk factors for both oral and systemic
diseases worldwide. With approximately 1.3 billion tobacco users half of whom die from tobacco-related causes
and more than 8 million deaths each year, the impact of smoking on health is substantial and transcends traditional
boundaries [1]. While the deleterious cardiovascular and pulmonary effects of tobacco smoking are well
documented, its role in disrupting oral homeostasis ranging from mucosal alterations to periodontal degradation
has garnered increasing attention. These early oral manifestations not only compromise local tissues but may also
serve as harbingers of systemic pathology [2,3].

Smoking induces a spectrum of biological alterations in oral tissues, mediated primarily by nicotine,
carbon monoxide, and polycyclic aromatic hydrocarbons [4]. Nicotine’s vasoconstrictive action reduces gingival
blood flow and impairs oxygen delivery, while carcinogens disrupt epithelial integrity and modulate cellular
apoptosis and fibroblast function. Moreover, smoking reshapes the oral microbiome by fostering colonization of
pathogenic species, elevating biofilm virulence, and destabilizing the oral microbial ecosystem [5].

Evidence indicates that smoking is the leading environmental risk factor for periodontal disease [6]
tripling the risk of alveolar bone loss, gingival recession, and pocket formation while also promoting mucosal
lesions such as leukoplakia and oral cancer. Furthermore, smoking exacerbates aesthetic and functional
deterioration through tooth discoloration, halitosis, candidiasis, and increased risk of tooth loss [7].

These local alterations in the oral environment do not remain confined to the mouth; rather, they reflect
and contribute to broader systemic processes. Smoking-induced immunosuppression and microbiome dysbiosis
can worsen diseases such as diabetes mellitus, osteopenia/osteoporosis, and HIV-associated oral infections [8].
Though the direct mechanisms often involve complex immune-modulating and microbial pathways, they
underscore the need to view oral pathologies not in isolation, but as components of multifaceted systemic
interactions [2].
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Building upon this connection between oral and systemic health, the pathophysiological mechanisms
induced by smoking extend even further. Smoking catalyzes endothelial dysfunction, inflammation,
hypercoagulability, insulin resistance, and dyslipidemia—all pivotal to atherothrombosis and vascular disease [9].
In parallel, smoking-induced oral dysbiosis and chronic periodontal inflammation may act as reservoirs of
pathogenic bacteria, which can be aspirated into the lower respiratory tract, potentially contributing to the
development or exacerbation of chronic respiratory diseases such as COPD and emphysema [10]. Considering
that periodontal inflammation may contribute to systemic inflammatory load, our review investigates the
hypothesis that oral disease acts as both a marker and mediator of cardiopulmonary risk in smokers

I1. Materials and methods

This study is a narrative literature review based on the selection and critical analysis of scientific articles
addressing the effects of smoking on oral health and its systemic repercussions, particularly concerning
cardiovascular and pulmonary diseases. The search for publications was conducted in recognized electronic
databases, including PubMed, Scielo, LILACS, Embase, and Google Scholar.

The search strategy employed specific descriptors such as “smoking,” “tobacco,” “oral health,”
“periodontal disease,” “cardiovascular diseases,” “pulmonary diseases,” “systemic effects,” and ‘“oral
manifestations.” Inclusion criteria comprised full-text articles available in open access, published in English, and
directly addressing the relationship between smoking, oral diseases, and their connections with systemic
pathologies.

Each selected article underwent a detailed analysis of its objectives, methodology, results, and discussion to ensure
a critical appraisal of the available scientific evidence. This systematic and analytical approach allowed for the
development of an up-to-date and comprehensive review on the proposed topic.

I11. Results and Discussion
Mechanisms of Action of Tobacco on Oral Tissues

Tobacco smoke introduces a host of biologically active compounds such as nicotine, carbon monoxide,
and polycyclic aromatic hydrocarbons that disrupt oral tissue integrity and function. Nicotine induces
vasoconstriction, reducing gingival blood flow and impairing oxygen and nutrient delivery to periodontal tissues
[11]. Chronic exposure leads to microvascular dysfunction characterized by increased capillary tortuosity,
decreased perfusion, and reduced angiogenic response, which persists even after smoking cessation [3]. Acute
effects include initial transient hyperemia, but repeated insults result in long-term ischemia and impaired healing
capacity [13].

In addition to vascular changes, nicotine and other smoke toxins directly impair host immune defenses.
Nicotine decreases leukocyte chemotaxis, phagocytic ability, and antibody production, which diminishes both
innate and adaptive immune responses within the gingiva [14]. Smoke exposure also elevates systemic and local
inflammatory markers, such as SICAM 1, CRP, and acute phase proteins, contributing to a persistent yet blunted
inflammatory profile that suppresses normal tissue repair while promoting chronic pathology [15,16].

A growing body of evidence highlights how smoking alters the oral microbiome—a shift marked by a
reduction in microbial diversity and enrichment of pathogenic species including Streptococcus, Porphyromonas,
Prevotella, and Veillonella [17, 18]. This dysbiosis fosters biofilm virulence, increases tissue inflammation, and
creates a microenvironment conducive to periodontal disease. The oral ecosystem in smokers converges toward
pathogen dominance and impaired resilience, setting the stage for more aggressive microbial-driven tissue
destruction [17].

From the cellular perspective, tobacco constituent exposure disrupts epithelial and connective tissue cell
functions. Nicotine and polycyclic hydrocarbons induce apoptosis in gingival fibroblasts and epithelial cells,
suppress fibroblast proliferation, and hinder extracellular matrix synthesis. They also impair osteoblastic activity
and angiogenesis crucial processes for periodontal regeneration and bone maintenance [3,19]. These combined
vascular, immune, microbial, and cellular dysfunctions underlie the structural and functional decline characteristic
of periodontal tissue in smokers.

Key Oral Pathologies Associated with Tobacco Use

Tobacco use is strongly associated with the development and progression of several oral diseases, with
periodontitis being one of the most extensively studied [2]. Clinical evidence shows that smokers have greater
alveolar bone loss, deeper periodontal pockets, and a higher prevalence of gingival recession compared to non-
smokers [20]. The vasoconstrictive action of nicotine, reduced gingival blood flow, and suppressed inflammatory
response contribute to masking clinical signs of inflammation, which can delay diagnosis of periodontal disease
[3].

In addition to periodontitis, tobacco use is closely linked to oral mucosal lesions such as leukoplakia, a
white lesion considered potentially malignant. Smokers have a significantly higher risk of developing oral
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leukoplakia, especially in areas of direct contact with smoke, such as the buccal mucosa and floor of the mouth
[21]. Studies also show a higher malignant transformation rate of these lesions into squamous cell carcinoma
among chronic smokers [22].

Another common condition among smokers is oral candidiasis. The altered oral environment caused by
smoking including reduced pH, impaired local immunity, and microbiome disruption favors colonization by
Candida species, especially Candida albicans. This is further exacerbated by tobacco-induced xerostomia, which
compromises the protective functions of saliva. Immunocompromised individuals, such as those with HIV, are at
even greater risk when they smoke [23,24].

Lastly, smoking is associated with both aesthetic and functional changes, such as halitosis, extrinsic
dental staining, delayed wound healing after oral surgery, and a higher rate of dental implant failure [25]. Studies
indicate that tobacco products impair osseointegration and increase the risk of peri-implantitis, making the
restorative prognosis less favorable in smokers [26].

Interactions between Smoking, Systemic Diseases, and Oral Manifestations: Focus on Cardiovascular and
Pulmonary Diseases

Smoking exerts a significant influence not only on oral health but also on various systemic conditions
that present with oral manifestations. Among the most relevant are diabetes mellitus, HIV infection,
cardiovascular diseases, and chronic respiratory diseases, all potentially modulated or exacerbated by tobacco
exposure [27]. The interaction between these pathologies and smoking is bidirectional: smoking can worsen the
prognosis of systemic disease while simultaneously amplifying its oral repercussions [3]. In this article, we will
focus on relationship between smoking and its impact on cardiovascular and pulmonary diseases.

Cardiovascular Diseases: The Role of Inflammation and Endothelial Dysfunction

Smoking is one of the main modifiable risk factors for the development of cardiovascular diseases such
as atherosclerosis, coronary artery disease, and stroke. Chronic exposure to cigarette smoke triggers a systemic
inflammatory process characterized by endothelial cell activation, increased pro-inflammatory cytokines (such as
IL-6 and TNF-a), elevated oxidative stress markers, and promotion of endothelial dysfunction. These mechanisms
contribute to the accumulation of atheromatous plaques and favor a hypercoagulable state, increasing the risk of
thrombotic events [28].

These systemic alterations are closely linked to chronic periodontal inflammation, which shares similar
mediators, including prostaglandins, matrix metalloproteinases, and reactive oxygen species [20]. Periodontitis
may therefore not only reflect but also contribute to an increased systemic inflammatory burden, establishing a
feedback loop between oral health and cardiovascular risk [29]. Multiple studies associate severe periodontitis in
smokers with a higher incidence of cardiovascular events, suggesting that the oral cavity can serve as a reservoir
of inflammation with measurable systemic impact [29,30,31].

Beyond inflammatory effects, smoking also directly affects vascular function by reducing the
bioavailability of nitric oxide, a potent vasodilator and regulator of vascular homeostasis [28]. The decrease in
nitric oxide contributes to vasoconstriction, increased blood pressure, and enhanced adhesion of inflammatory
cells to the endothelium, accelerating the atherosclerotic process [32]. In the oral context, this vascular dysfunction
can impair gingival microcirculation, compromising local immune responses and tissue repair capacity, which
favors periodontitis progression in smokers [3]. Therefore, the impact of smoking on the cardiovascular system
and oral health is interconnected not only through systemic inflammation but also through localized vascular
dysfunction.

Pulmonary Diseases: Relationship with the Oral Microbiome and Mucosal Immunity

Smoking is the primary risk factor for chronic pulmonary diseases such as Chronic Obstructive
Pulmonary Disease (COPD), chronic bronchitis, and emphysema [33]. Cigarette smoke compromises the immune
barriers of the airways, reduces mucociliary clearance, promotes alterations in innate and adaptive immune
responses, and generates an imbalance in the respiratory microbiota. Recent studies indicate that this imbalance
may partly originate from colonization by pathogenic oral microorganisms migrating to the lungs, a process
facilitated by saliva aspiration or disruption of oral barriers [34,35].

Smoking-induced oral dysbiosis—characterized by an increase in periodontopathogenic species and a
decrease in commensal microorganisms—may therefore play a role in exacerbating respiratory diseases [8].
Additionally, patients with COPD often present concomitant periodontal disease, with evidence suggesting that
periodontitis severity correlates with the degree of pulmonary impairment [36]. These observations support the
hypothesis of an “oral-pulmonary” axis, wherein inflammation and dysfunctional oral microbiota directly impact
lung health.

Beyond microbiological and immunological alterations, smoking promotes structural remodeling of the
airways, such as bronchial wall thickening and alveolar destruction, which impair gas exchange and favor
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emphysema progression [37]. These changes are exacerbated by chronic inflammatory responses generated by
interactions between altered microbiota and compromised immune defenses [38]. In the oral cavity, the persistent
presence of pathogens may serve as a continuous source of antigens and endotoxins, amplifying both systemic
and local inflammation, and potentially contributing to pulmonary function deterioration [33]. Therefore, the
clinical management of smokers with pulmonary disease should consider oral health as an important component
for controlling and preventing respiratory complications.

IV. Conclusion

Tobacco smoking exerts a profound and multifaceted impact on both oral and systemic health, intricately
linking oral pathologies with cardiovascular and pulmonary diseases. The chronic inflammatory and immune-
modulatory effects induced by smoking create a vicious cycle wherein oral dysbiosis and periodontal
inflammation not only reflect but also amplify systemic endothelial dysfunction and respiratory impairment. This
bidirectional relationship underscores the importance of integrating oral health into the broader clinical
management of smoking-related cardiopulmonary conditions. Future research and clinical interventions should
focus on this oral-systemic axis to better prevent and mitigate the significant morbidity and mortality associated
with tobacco use.
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