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Abstract

:

Gender-specific medicine studies how sexual biology and gender-related cultural and behavioral differences may influence a person’s health and considers the differences in clinical features, prevention, therapies, prognosis, and psycho-social aspects of diseases with different impacts on women and men. The present work summarizes the main differential impact each risk factor for oral cancer and periodontitis has according to biological sex- and gender-oriented differences. It resulted in differences in epidemiology and the weight of various healthy determinants that may influence the incidence and prognosis of oral cancer and periodontitis. It is desirable to change the methodology of scientific studies with a higher focus on the weight that sexual variables may have on the well-being or the probability of getting ill of each person, thus promoting the development and diffusion of personalized gender dentistry.
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1. Introduction


The terms “gender” and “sex” have different meanings. While sex refers to different biological, physical, and physiological attributes of females, males, and intersex persons, such as chromosomes, gene expression, hormones, and reproductive organs [1,2], gender refers to what a given society considers appropriate for men and women, boys and girls, and gender-diverse people, including socially constructed roles, behaviors, activities, and attributes [3].



While sex is usually categorized as female or male, a broader spectrum of gender identities and expressions defines how individuals identify themselves and express their gender. However, both sex and gender are critical determinants of health since they can influence, with different aspects, the subject to be exposed to a disease or a health issue, thus influencing their prevalence and treatment outcomes. Gender identity may be most affected by external factors, such as environment, occupation, access to care, and at-risk behavior, while biological sex is strictly related to differences in pharmacological effects related to different biological effects. In any case, both may influence human well-being and expose each subject to risks specific to every person.



On these bases, gender medicine, or gender-specific medicine, is the study of how sex-based biology and gender-related cultural and socioeconomic differences may influence a person’s health. Furthermore, gender-specific medicine considers the differences in clinical features, prevention, therapies, prognosis, and psycho-social aspects of a disease with the related impact on women and men of every age [4].



Gender medicine is the base for a personalized medicine approach since it studies pathophysiology, the clinical features, and the prognosis of diseases, based on what is expected according to sexual (mainly biological) and gender differences (mainly sociocultural and behavioral) on which the genetic, epigenetic, hormonal, and environmental variables act differently [5].



A wide variety of substances are associated with the onset or worsening of a series of diseases and pathologies of various origins. Alcohol and tobacco are the most frequent risk factors for a series of oral diseases, mainly but not only oral cancer and periodontal diseases.



The present work aims to focus on the sex–gender differences in epidemiology and the sex/gender-related weight of the main risk factors for oral cancer and periodontitis to better understand future research designs and clinical practice strategies.




2. Oral Cancer


Except for rare non-epithelial tumors [6,7,8], oral squamous cell carcinoma (OSCC) is the central and most common oral malignancy. OSCC is a malignant neoplasia of epithelial origin, of the head and neck district, at the seventh place for worldwide prevalence among cancers [9]. OSCC may arise from potentially malignant oral diseases (OPMDs), which are precursor lesions and conditions with an increased risk of malignancy [10]. Furthermore, OSCC recognizes a series of risk factors—mainly alcohol and/or tobacco consumption [11], betel quid chewing [12], chronic traumatism [13], micronutrient deficiencies [14], and infections [15,16,17,18]—which contribute both to keratinocyte derailment toward cancerogenesis and sustain the related chronic inflammation, posing the ideal environment for tumor growth [19,20,21].



In 2020, the lip and oral cavity cancer incidence counted 264,000 new cases in males (70% of total cases) and 113,000 in females, with a male/female ratio equal to 2.3:1; a prevalence in 5 years of over 656,000 and 303,000 and mortality for over 125,000 and 53,000, respectively. Among them, the cases attributable to alcohol were 67,000 for males and 8200 for women [22].



In 2011, Kruse et al. [23] retrospectively reported clinical and demographic differences between 278 patients (159 males and 119 females) with OSCC followed up meanly for 36 months. While the overall median age was similar in both sexes (61 years for males, 65 years for females), their results revealed a slightly higher proportion of females (54%) over men (46%) in the OSCC patients older than 70 years. Smoking was reported in 76% of males and 51% of females; alcohol in 80% and 48%, respectively; conversely, neither alcohol nor tobacco consumption was reported in 14% of males and 39% of females, who were predominantly affected by maxillary OSCC. Furthermore, clinical stage and metastases still seem sex-independent prognostic factors. However, the literature usually did not often correlate the classical prognostic indicators and main outcome with sex [24], merely considering their distribution by sex but not focusing on the differential predictive meaning they could have in different sexes from a statistical point of view [25,26,27].



More recently, Park et al. [28] compared the prevalence by biological sex of head and neck (HN) cancers in 10 million healthy Korean during a 10-year follow-up. In that period, almost 11,000 subjects developed HN cancers, whose 1698 were oral cancers (84% in males and 16% in females). Additionally, in this case, the gap between males/females decreased over 70 years of age. Among men and women who developed oral cancers, the percentages of never smokers were 31% of males and 95% of females; similarly, non-alcohol consumers were 32% of males and 75% of females; both differences were statistically significant. The authors also discussed the higher prevalence of HN cancers in males, also regardless of smoking and drinking, and addressed this evidence to the role of sex hormones, mainly androgens, as associated with higher risks and poor outcomes in men, contrary to estrogen’s protective effects in females [29,30]. Conversely, further gender-specific differences in OSCC survival could also be related to protective gene polymorphisms for males but not for females, which are significantly associated with smoking, as Nagam et al. reported [31].



Furthermore, biological sex differences in the humoral and cell-mediated immune responses also seem to participate in the differences among biological sex on the onset of oral and HN cancers [32], while the detection of HPV, human papillomavirus, was not always investigated, despite its crucial role in a subset of HN cancers, mainly, but not exclusively, of the pharyngeal region [15]. Hence, a more complex interplay among sexual hormones, sex chromosomes, as well as the immune system and metabolism could differentially contribute to establishing sex-specific tumor microenvironments determining the cancer development in biological males and females [33,34].




3. Periodontitis


Periodontitis is a microbially associated periodontal disease characterized by peculiar chronic host-mediated inflammation, resulting in progressive loss of periodontal attachment, alveolar bone resorption, and teeth loss [35].



In detail, as recently defined by Hajishengallis, “Periodontitis is an exemplar of a microbe-driven chronic inflammatory disease that persists in susceptible individuals, in part due to reciprocally reinforced interactions between the dysbiotic microbiome and the host inflammatory response” [36]. Indeed, periodontitis can manifest in predisposed subjects when specific bacteria trigger local inflammation, which becomes chronic and is responsible for progressive periodontal damage. The bacteria associated with periodontitis are well recognized and Socransky et al. grouped and classified them into color-labeled groups according to their periodontopathogen role [37]. According to this classification, each specific bacterium contributes at different stages and with different weights. First, the early colonizers (green complex) adhere to the dental pellicle. Then, the bridge species (yellow and orange complexes) create favorable local conditions for the co-aggregation between different species. Later, in a mature subgingival dental plaque, the most strongly periodontopathogen species (red complex) are the final and directly responsible for the destruction of the periodontium and the triggering of the inflammatory hyper-reactivity of the susceptible host [37,38].



Incidentally, periodontitis determines consequences not only on periodontal health but also extra-orally, mainly by spilling and dissemination to distant organs of bacteria and bacterial toxins from the gingival pockets via ingestion and bloodstream. These events alter gut permeability and perpetuate chronic extra-oral inflammation, which is responsible for systemic effects [39]. The most robust evidence on the role of periodontitis in aggravating or worsening extra-oral morbidities confirms its association with cardiovascular, metabolic, autoimmune, and neurodegenerative diseases, but also with the cancers and health of pregnant women and their infants [40,41].



Periodontitis is the sixth most prevalent condition worldwide in the adulthood and elderly, and its global prevalence is estimated to be between 20 and 50% [42], affecting over 700 million people [43], greater in men, who also show the worst severe degrees than women [44,45]. In detail, while the male-to-female prevalence rate is 1.3 for mild forms of periodontitis, it doubled for severe and aggressive ones, so 28% and 71% more adult males than females suffer mild and severe forms, respectively [46].



Nevertheless, a recent study from Freitag-Wolf et al. [47] reported an earlier onset of periodontitis in young women than in men. The authors addressed this evidence to what they called “genotype-by-sex (GX S) interactions”, which, according to natural genetic variation, could affect the different heritability of periodontitis among sexes; hence they suggested that genes from maternal inheritance could contribute to intersex phenotypic variation in early onset periodontitis. However, that observation was done in a sample of almost 900 subjects from the European region, and it must be considered that the genetic variability among different geographic areas could lead to contrasting results as for other diseases worldwide.




4. The Role of Sex Hormones


The specific role of sex hormones in the onset and prognostic features of oral cancer must also be considered, both in association and without tobacco and alcohol as risk factors [48]. Two pieces of evidence exist on the role of estrogen associated with OSCC.



On one side, higher estrogen levels—as in women, women under hormone replacement therapy, pregnant, or given birth before 35 years of age—would play a protective role in cancer development, reinforced by the fact that early menopause onset and estrogen lower levels parallel increase the risk of HN cancers [49]. On the other side, some authors convey that estrogen can increase the risk and worsen the prognosis of OSCC [50,51].



Estrogen receptors (ER) are expressed on oral cancer cells and macrophages associated with the proinflammatory tumoral microenvironment, where estrogen may act with opposite results. Indeed, while estrogen–ER interactions on macrophages lead toward a decrease of proinflammatory cytokine release, with protective effects against oral cancer progression [52], they can also positively promote oral cancer cell migration and proliferation [48]. In detail, Colella et al. [53] reported higher expression of ER (ER-a, and ER-b) and lower androgen receptors (AR) in cancer tissue than in healthy tissue close to cancer. Data have been further detailed in a systematic review by Saranya et al. [54], which confirmed that ER presence on tumoral cells influences the OSCC progression [55]. OSCC with positive ER-α expression was mainly associated with HPV-positive tumors [56] and lesser expressed in men than females [57], while, conversely, 40% of OSCC expressed ER-b and only 26% expressed AR, significantly higher in men [58]. Furthermore, ER-α was majorly present in advanced stages with frequent bone invasion and was associated with significantly lower overall and relapse-free survivals than ER-α negative OSCC [57].



For a clearer understanding of the issue, it must be considered that a peculiar clinical variable of OSCC, early OSCC, affects mainly non-smoker/drinking young women under the age of 45 [59,60]. In this cluster, estrogen could play a crucial role in cancerogenesis more than the extrinsic risk factors, such as alcohol and smoking, probably due to the polymorphism of estrogen and its receptors [61].



Sex hormones may also influence gingival microcirculation, thus impacting the spatial progression of periodontitis. Compared with women, men significantly experience higher vasodilatation in case of inflammation or during wound healing, as well as during active phases of periodontitis [62]. Recently, Vag et al. reported significantly higher gingival blood flow and endothelial reactivity of males, both in healthy and periodontal diseases, and higher nitric oxide—with vasodilating effects—release during periodontitis, thus suggesting an increased destructive inflammatory reaction in males with periodontitis [62,63].



Furthermore, peculiar sex-prevalent comorbidities may also influence and be influenced by periodontitis. Osteoporosis exemplifies this bidirectional relationship and the clinical differences between women and men. Osteoporosis is a systemic disease of the skeletal system, characterized by low mineral density and the deterioration of the micro-architecture of the bone tissue, with a consequent increase in bone fragility mainly linked to aging and sexual hormones [64]. As with any bone in the body, it can also affect the alveolar bone, thus accelerating periodontal destruction during co-occurring periodontitis [65]. Despite osteoporosis doubling the risk of periodontitis in both sexes, around the world, osteoporosis is more prevalent in women (mainly of postmenopausal age) than men [65,66]. This epidemiological prevalence in women could explain the strong association between osteoporosis and periodontitis in women.




5. Oral Dysbiosis


The literature reports evidence of the interrelationship between unbalanced oral microbiota, known as oral dysbiosis, and systemic diseases or therapies [40,41,67,68].



Oral microbiota is what was formerly called “oral bacterial flora”. It is the collection, not only of bacteria but also all the microorganisms [69], including archaea, fungi, and viruses, living in specific ecological niches [70,71] of the oral cavity, which homes over 600 different microorganisms [69,72]. At the same time, the term “microbiome” refers to all their genetic material, which is approximately made up of almost 24 million non-redundant oral genes [73,74]. The more intuitive examples of oral dysbiosis leading to opportunistic oral pathologies occur as the consequences of recurrent use and abuse of antimicrobials, which favors opportunistic infections, such as oral candidiasis, especially in the presence of local and systemic predisposing factors [75,76].



The typical examples of oral diseases induced by peculiar dysbacteriosis are caries [77] and periodontal diseases [35], secondary, respectively, to supragingival and subgingival dental plaque maturation, enriched by a series of cariogenic and periodontopathogen bacteria [37,78], especially in some critic general conditions.



Furthermore, oral dysbiosis may also contribute to extra-oral [79,80] and oral cancer onset [81], supported and not supported by co-occurring risk factors such as smoking and alcohol drinking. Arising studies also connected oral microbiota crosstalk with the host immune system, thus reinforcing the relationships between dysbiosis and poor health [82], as well as the oral–gut axis, which plays a key role in the establishment of systemic diseases [83,84].



Other than genetics, race/ethnicity, socioeconomics, and age [85], the oral microbiota is also influenced by smoking and drinking, and recent studies have discovered substantial differences also according to biological sex [86]. For example, some members of the healthy microbiome are proportionally expressed according to sex hormones and, in women, may also vary according to the reproductive period of life and post-menopause [85,86,87]. Furthermore, people suffering from periodontitis report gender variations in the oral microbiomes, thus suggesting that gender is an essential determinant of different compositions of the subgingival periodontopathogen plaque in men and women [88].



Other infectious diseases exacerbating and sustaining cytokine and other proinflammatory states are still under investigation to understand the role, by sex, of inflammation in the onset and the worsening of periodontitis, as well as the related weight of sex, as emerged during the last few years associated with COVID-19 [89,90,91].



Hence, all these variables can contribute, in various and not yet elucidated ways, to the different degrees of risk of oral diseases in different sexes and genders.




6. Tobacco


Tobacco consumption (smoked and not) represents one of the most significant public health problems worldwide and is one of the major risk factors in the development of chronic non-communicable diseases worldwide (more than 30 diseases, including chronic obstructive pulmonary disease and other chronic lung diseases, lung cancer and other forms of cancer, heart disease, and vascular disease). Tobacco causes more deaths than alcohol, AIDS, drugs, traffic accidents, suicides, and homicides combined [92].



Despite a decreasing prevalence during the last 30 years, both in males (27.5% reduction) and females (37.7% reduction) [93], the total number of smokers has increased as populations have grown [94]. The actual smoking rate is very similar in both sexes (meanly 14%) [95]. To date, tobacco is smoked/used by approximately one billion people worldwide (over 80% living in low- and middle-income countries, where the burden of tobacco-related disease and mortality is heavier) and kills more than 8 million people every year [95].



The GBD 2019 tobacco collaborators [94], in 2019, estimated a prevalence of current use of smoking tobacco of 33% among males and 7% among females aged 15 years and older. The highest smoking prevalence among women was in Greenland, where 42% of women smoke; for males in Georgia and China, one in two men smoke, while in Timor-Leste, the percentage of male smokers was the highest, at 65%.



Smoke-related health issues are proportional to the number of cigarette equivalents smoked daily, with cumulative effects related to years of smoke. Cigarette equivalent smoked per day is an indicator of exposure to smoke and converts the content of tobacco smoked by pipes, cigars, and other products to the equivalent doses of cigarettes. Among over the 700 million smoker males over the age of 29 and the 146 million smoker women of the same age range, respectively, 49% and 33% are higher smokers, with a consumption of over 15 cigarettes or cigarette equivalent per day [94] (details in Figure 1).



Apart from smoked tobacco, including cigarettes, cigars, pipes, and other local smoked tobacco products, a wide variety of other tobacco products, such as vaping products, electronic cigarettes (e-cigarettes), or heated tobacco products, have been commercially available in the last few years. Last, tobacco may also be chewed in some regions (smokeless tobacco) [93].



All forms of tobacco are harmful, and there is no safe level of exposure to tobacco. Tobacco contains nicotine, is responsible for addiction, and has over 70 established carcinogens, varying across products [96]. The main toxic effects of tobacco are related to some properties of its compounds, mainly carcinogenic. Furthermore, the smoke itself, both from smoked and vaped tobacco, is responsible for direct effects on the respiratory and oral epithelial cells and local immune cells, resulting in proinflammatory and immune-suppressive changes [97,98,99].



While nicotine dependence affects 75% of individuals with substance use disorders (SUD), without any significant difference by sex/gender [100]; generally, men tend to use all tobacco products at higher rates than women [101]. In detail, Higgins et al. reported the results from a systematic review on the prevalence of gender differences in tobacco use in the U.S., resulting in a noticeable male prevalence rate exceeding those of females at every age. However, when gender orientation was considered instead of biological sex, the authors found some studies reporting the typical pattern of males smoking at higher rates than females was only seen among heterosexuals. At the same time, overall smoking prevalence was higher among lesbian/gay/bisexuals than heterosexuals, as examples of sex orientations rather than biological sex influencing the choice to smoke [101].



A positive attitude toward tobacco products and brands is reinforced in adolescents and young adults meeting tobacco-related content on social media, which can double the appeal to use tobacco products at any age [102]. Further works have considered the influence of commercials sponsoring tobacco use on different genders. A recent paper by Soneji et al. [103] stratified the tobacco preferences and prevalence according to gender orientation, reporting higher percentages among bisexual (30%) and gay/lesbian (26%) youth than in straight youth (12%). Kasza et al. reported similar data, which estimated preferences of tobacco products consumed in a sample of 46,000 U.S. smokers aged 12 or over, stratified per demographic characteristics [104]. While according to biological sex, 35% of male smokers and 21% of female smokers used any tobacco products, the percentages, and variety of usage changed according to sexual orientation, being lower among those who identified as heterosexual than among those who identified as gay/lesbian or bisexual [104].



In 2019, tobacco was responsible for death in 51% of males and 37% of females with oral cancer [95]. In 2015, a systematic review on smokeless tobacco-associated oral cancers in the Indian population revealed an odds ratio for women 2.5 times higher than men to develop oral cancer [105]. Mu et al. have recently confirmed these data, reporting a doubled relative risk of oral cancer in women than in men [106].



Other than oral cancer, tobacco is equally responsible for a series of oral health issues related to the strict and continuous contact of the oral mucosa with substances other than the heat produced from smoked and/or heated tobacco, resulting in carcinogenic, microbial, immunological, and clinical effects [107]. Tobacco is responsible for half of the cases of periodontitis in the U.S. [107]. Tomar et al. estimated a threefold increased risk of periodontitis in mean smokers and sixfold in heavy smokers so that, in smokers, 74.8% of periodontitis was directly attributable to smoking [107]. Furthermore, smokers have a significantly higher risk (140%) of failure of dental implants [108], which often replace teeth missed for periodontitis [109], this being slightly higher in men than in women [110].



Smoking affects periodontal health both by altering the subgingival plaque and increasing the inflammatory responses, thus resulting, respectively, in the establishment of a microenvironment favorable to the colonization and growth of periodontopathogen microorganisms and the increase of local inflammatory state, sustained by the smoking-related impairment of neutrophil activity and humoral response [111].




7. Alcohol


Alcohol is a toxic and psychoactive substance with dependence-producing properties, responsible for many cancers, such as breast cancer, colorectal cancer, gastric cancer, and oral cancer [112,113,114]. Even though male gender identity and behavior are historically associated with higher use of alcoholic drinking than women [115], the gap is getting closer so that during the last decade, the number of alcohol-addicted increased by 85% in women and was stable at 35% in men [116,117].



The carcinogenic mechanisms of alcohol are mainly related to acetaldehyde, metabolized from ethanol in the liver, gut, and mouth, and ethanol per se is responsible for irreversible DNA methylation and damage, acting together with the increased oxidative stress and folate depletion [118]. Similarly, alcohol influences cell growth by varying estrogen and insulin levels [32].



Globally, alcohol is responsible for almost 3 million deaths every year. It has been estimated a rate of over 2500 deaths per day in the WHO European Region alone (which has the highest levels of alcohol consumption worldwide), where alcohol is responsible for 25% of deaths among young adults (aged 20–24) [119,120]. In 2018, in the same region, alcohol was responsible for 180,000 cancer cases, 110,000 in men and 70,000 in women, contributing to 92,000 cancer deaths [119,120]. If we consider only oral and lip cancers, the number of alcohol-related cases in the same year was approximately 15,000 in men and 7000 in women. The amount of alcohol-related oral and lip cancer death is 40% for men and almost 20% for women.



Every quality, kind, and quantity of alcohol is responsible for cancer risk, and there is no safe amount of alcohol consumption. The “excess” in alcohol consumption has been defined as ≥10 g per day for females and ≥20 g per day for males. Twenty grams of alcohol equals approximately 500 mL of beer, 200 mL of wine, or a super-alcoholic drink (60 mL) [121,122]. Several authors have established that moderate drinking (20 g of pure alcohol per day) is responsible for 9% of alcohol-related oral cancers. In comparison, risky drinking (up to 60 g per day of pure alcohol) and heavy drinking (more than 60 g of pure alcohol per day) are responsible for 30% and 61%, respectively, of alcohol-related oral cancers [122]. In any case, both with the same intake and in the case of a lower intake or for a shorter time, women, compared to men, have a higher risk of developing an alcohol-related disease and oral and other cancers [123].



Higher levels of alcohol consumption are also associated with severe periodontitis [111], especially in the male sex from underdeveloped countries [124].



The combined use—and abuse—of alcohol and tobacco dramatically increase the risk of developing cancers of the oral cavity and other sites of the upper aero-digestive tract and is supra-multiplicative [125,126]. Non-drinker smokers have a mean sevenfold risk of oral and pharyngeal cancer compared to non-smokers [127], and non-smoker drinkers have a mean fivefold risk [121]. In both cases, the risk is proportional to the time and quantity of tobacco/alcohol usage. Users and abusers of both alcohol and tobacco have up to 30-times higher risk of never smoker-drinkers developing oral and pharyngeal cancers, accounting for 74% of oral cancers in men and 57% in women [126].



The cumulative cancerogenic effects of co-occurring alcohol and tobacco consumption are based on the property of alcohol to evaporate and dry the oral mucosa rapidly; it also acts as a solvent for the tobacco carcinogens (mainly formaldehyde), which facilitates their absorption into the oral cells. Bad oral hygiene co-occurring in drinker-smoking addiction and poor diet also increase the risk [127].




8. Discussion


The present work summarized the primary differential measures in which each risk factor for oral cancer and periodontitis impacts according to biological sex and gender-oriented variables. It resulted in differences in the epidemiology and the weight of various determinants that may influence the incidence and prognosis of oral cancer and periodontitis (Figure 2).



As a paradigmatic example, oral cancer—for which more robust studies account for these differences—seems to affect men twofold more than women, with higher alcohol- and tobacco-related deaths in the first [Table 1].



Nevertheless, regarding smokeless tobacco, the proportion responsible for oral cancer in women is 2.5 times more than in men, although men are the highest consumer of smokeless products [128]. Hence, these data are not only justifiable by the broader prevalence of smoking and drinking habits among men than women but also influenced by biological, metabolic, microbiological, hormonal, and genetic differences between the biological sexes.



With regard to periodontitis, it seems to manifest more severely in men than in women. This difference may be globally explained by the protective role of estrogens in fertile women on one side, and the higher vasodilation levels in men. Conversely, comorbidities more prevalent in the female sex, such as osteoporosis in postmenopausal women or rheumatoid arthritis, may also influence the epidemiological indices of periodontitis.



Last, one cannot ignore the complex and still not fully known metabolic and biological interactions between oral and host microbiota, made even more complex by the variability with which inflammatory, immune, and metabolic mechanisms, which are also affected by hormonal differences, as well as by the sharing of smoke and alcohol.



Furthermore, gender-related cultural and socioeconomic factors must also be considered. As a prominent example, in many countries, being a woman/girl still brings sociocultural disadvantages, manifesting as discrimination and poor access to schooling, cures, and preventive health programs. In this scenario, women do not know or cannot choose healthy behavior or do not have free access to treatment and screening programs. Last, inequities are also related to poverty, an essential barrier to positive health outcomes, which according to WHO, “tends to yield a higher burden on women and girls’ health” [129].



Other than being of the female sex, other groups of discriminated people are those whose gender orientation is different from their biological sex. Bisexuals, gays, lesbians, non-binary, and transgender people still suffer from marginalization and prejudice that directly and indirectly limit their access to treatment and undermine their health, and causing them to incur at-risk habits more or more quickly, such as the abuse of alcohol, smoking, and drugs, with parallels to less access to cures.




9. Conclusions


The relative paucity of sex- and gender-oriented studies limited the global evaluation and definition of the weight that each risk factor and their relationship could impact each person. Apart from biological differences, the access to cures and behavior may also noticeably impact the onset of oral cancer and periodontitis and their course and therapies.



Medicine has historically had an androcentric bias because, until a few years ago and still today, research enrolled predominantly male subjects or failed to establish differences in the studied variables according to the biological sex-related influences, gender orientation, and at-risk behaviors. Nevertheless, all these variables should not be neglected because they significantly impact each disease’s onset, clinical course, severity, and outcome.



Only recently have gender differences been fully acknowledged by more tailored drug trials and scientific research focusing on the noticeable but underestimated biological, hormonal, and genetic differences among sexes, further amplified by the broader variability of gender orientation and behaviors. A growing amount of epidemiological, clinical, and experimental data have shown significant differences in the development, progression, and clinical signs of morbidities that, despite being able to manifest both in men and women, may present differences in the adverse events, outcome, prognosis, and incidence.



The future should move toward personalized sex and gender medicine related to the weighted weight of each risk factor considering all sexual biological and sociocultural variables. At the same time, it is also desirable for “gender dentistry” to consider not only the crude risk factors but also their personalized impact on each person, correlating with their biological and behavioral features.



In conclusion, gender medicine and dentistry should consider the sex and gender differences not to discriminate, but to personalize and support novel medical and dental approaches for each person, making an equal quality of life, independent of their sexual chromosome and orientation, but strictly considering the sex-related impact and variables on their well-being or risk to get ill.
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Figure 1. Percentages of males and females older than 29 years with relative mean cigarette equivalent smoked per day worldwide, in 2019. (Original figures based on extrapolating data from GBD 2019 Tobacco Collaborators [94].) Ced: cigarette equivalent per day. 
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Figure 2. The onset, course, evolution, prognosis, and therapeutic approach of periodontitis and oral cancer are affected by biological and environmental factors that are inevitably interrelated. In this sharing, each factor is reciprocally influenced by sex-related biological differences (hormones, oral microbiota composition, genetics, inflammatory and immune system, epigenetic factors) and behavioral differences related to gender orientation differing according to the sociocultural matrix in which each person lives. The effects on extra-oral health or, conversely, the influences of extra-oral diseases on oral health give further degrees of complexity and variability so that medicine and dentistry need to move more and more toward a personalized gender perspective to treat each case according to its uniqueness. 
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Table 1. Oral cancer epidemiology by biological sex according to alcohol and tobacco consumption.
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Oral Cancer

Demographics

	
Male Sex

	
Female Sex

	
M/F Ratio

	
Country Considered

	
References






	
New cases (2020)

	
264,211

	
113,502

	
2.3:1

	
worldwide

	
[22]




	
5-year prevalent cases

	
656,062

	
303,186

	
2.2:1




	
Death cases

	
125,022

	
52,735

	
2.4:1




	
Alcohol-related OSCC death cases

	
40%

	
20%

	
2:1

	
Europe

	
[119]




	
Tobacco-related OSCC death cases

	
51%

	
37%

	
1.4:1

	
worldwide

	
[95]




	
Smokeless tobacco consumption among OSCC cases

	

	

	
1:2.5

	
India

	
[105]




	
Alcohol consumption among OSCC cases

	
80%

	
48%

	
1.7:1

	
Switzerland

	
[23]




	
Tobacco consumption among OSCC cases

	
76%

	
51%

	
1.5:1




	
No alcohol/tobacco consumption among OSCC cases

	
14%

	
39%

	
1:2.8




	
No-smokers among OSCC cases

	
31%

	
95%

	
1:3

	
Korea

	
[28]




	
No-drinkers among OSCC cases

	
32%

	
75%

	
1:2.3




	
Alcohol and tobacco consumption among OSCC cases

	
74%

	
57%

	
1.3:1

	
Europe & Americas

	
[126]
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