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Editorial on the Research Topic Biocultural perspectives on oral health disparities





Despite significant advancements in modern dentistry and public health, oral health disparities remain a persistent global challenge. For too long, the mouth has been treated in isolation from the body, and the patient in isolation from their environment. The failure of purely biomedical approaches to close the gap in oral health outcomes particularly among marginalized and vulnerable communities' points to the need for a more holistic framework. This Research Topic, Biocultural Perspectives on Oral Health Disparities, was curated to address this very gap. By adopting a “biocultural” lens, the articles in this Research Topic explore how biological determinants of disease are inextricably tangled with cultural beliefs, social behaviors, and economic structures.

The eight articles contributed to this topic span diverse geographies and populations, yet they share a common thread: the recognition that oral health is a socially produced phenomenon as much as a biological one.


Bridging theory and practice

To understand disparities, we must first expand our methodological toolkit. In the review (Howard et al.), the authors argue compellingly for the inclusion of social science perspectives in dental research. They suggest that to truly address oral health inequities, researchers must move beyond clinical metrics to understand the lived experiences and social contexts of patients. This theoretical stance is complemented by the review (Maitra et al.). This paper bridges the gap between the micro-level (vitamin D metabolism) and the macro-level (cultural “habitus”), illustrating how deep-seated cultural dispositions can have measurable biological consequences.



Cultural beliefs and risk behaviors

A core tenet of the biocultural approach is investigating how local beliefs influence health behaviors. Two studies in this collection highlight this dynamic in starkly different contexts. In Nigeria, the study (Foláyan et al.) explores the intersection of traditional beliefs and modern diet. The authors examine how the cultural concept of “Jẹ`díjẹ`dí” interacts with sugar consumption to shape caries risk in children, underscoring the need for culturally sensitive health education that navigates local belief systems. Meanwhile, in India, the study (Siddiqui et al.) provides a grim look at how culturally entrenched habits drive disease. The high prevalence of smokeless tobacco use in this region serves as a reminder that cultural practices can act as powerful vectors for biological harm, requiring interventions that are both culturally grounded and clinically robust.



Structural barriers: geography and economics

Disparities are often etched into the landscape itself. Several articles in this topic demonstrate how physical and economic barriers dictate oral health outcomes. The study (Hoa et al.) reveals how geographical isolation and ethnicity compound to create high caries prevalence among children who lack access to standard dental care. Similarly, the broad analysis in (dos Santos Soares et al.) confirms that socioeconomic status remains a definitive predictor of oral function. These findings reinforce the reality that biological resilience is often overwhelmed by structural inequality.



The lived experience of vulnerable populations

Finally, this collection shines a light on populations often left in the shadows of public health policy. The qualitative study (Velpula et al.) offers a voice to the elderly. By documenting their narratives, the authors reveal how aging is not just a biological process of decay but a social experience of navigating a healthcare system that may not prioritize their needs. In a similar vein, the research (Alshatrat et al.) identifies a critical gap in communication. The study finds significant disparities in health knowledge among the hearing-impaired, suggesting that public health messaging is failing to reach those with sensory disabilities.



From evidence to action: implications of a biocultural approach

Taken together, the contributions to this Research Topic move beyond documenting oral health disparities to interrogating how and why they are produced. The collective evidence presented here underscores the limitations of narrowly biomedical and behaviorist models and highlights the necessity of adopting a biocultural approach that situates oral health within lived social, cultural, and structural realities.

From a policy perspective, these findings suggest that oral health must be more explicitly embedded within broader social and public health agendas. Policies addressing poverty, education, disability inclusion, aging, and geographic access to care should be recognized as integral to oral health equity. Culturally responsive health communication and community engagement emerge as essential components of effective oral health promotion, rather than supplementary strategies.

For clinical practice, the studies in this collection emphasize the importance of reflexivity and cultural competence in patient care. Understanding patients' explanatory models of illness, habitual practices, and structural constraints can strengthen trust, improve adherence, and reduce miscommunication. This is particularly relevant when working with older adults, ethnic minorities, and individuals with sensory disabilities, whose needs are often insufficiently addressed within standard dental care pathways.

Finally, this Research Topic highlights clear directions for future research. Interdisciplinary collaboration between dental sciences, social sciences, public health, and health policy is essential for advancing a more comprehensive understanding of oral health disparities. Methodologically pluralistic approaches that integrate biological markers with qualitative insights can help move the field beyond documenting inequities toward informing interventions that are context-sensitive, equitable, and socially grounded. By foregrounding these intersections, the studies in this collection collectively argue for a reorientation of oral health research and practice toward integrative, sustainable solutions.




Conclusion

Collectively, these eight articles demonstrate that there is no single “magic bullet” for eliminating oral health disparities. A child in the mountains of Vietnam, an elderly patient in the UK, and a hearing-impaired individual in Jordan face vastly different challenges. However, the solution in all cases requires a biocultural approach—one that respects the biological reality of disease while aggressively addressing the cultural, social, and economic conditions that allow it to thrive.

As editors, we hope this Research Topic serves as a catalyst for future interdisciplinary work. We extend our gratitude to the authors for their diverse contributions and to the reviewers for ensuring the scientific rigor of this collection.
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Oral health is intricately related to systemic health, with new worldwide research demonstrating vitamin D's critical role in sustaining dental and periodontal health. Vitamin D regulates calcium and phosphate metabolism, which is required for the formation and maintenance of healthy teeth and bones. According to research, vitamin D deficiency may contribute to the etiology of periodontal disease by decreasing the host immune response, making it more susceptible to infections like gingivitis and periodontitis. Oral health in India is a tapestry of traditional practices, socioeconomic factors, lifestyle factors, and access to modern healthcare, all of which are intricately linked with the concept of habitus, which refers to deeply embedded habits, dispositions, and practices shaped by an individual's social space. Deep-rooted social and cultural influences have a substantial impact on oral hygiene practices, food patterns, and health-seeking behaviours. Oral diseases are considered as a worldwide health issue. Though standard Western medicine has had effectiveness in preventing and treating periodontal diseases and other oral disorders, the hunt for alternative solutions continues, and natural phytochemicals extracted from plants used in traditional medicine are regarded as viable alternatives to synthetic chemicals. India's traditional medical knowledge and practice, take a comprehensive approach to oral health, emphasizing the balance of physiological components and the use of natural treatments to maintain oral hygiene and treat oral disorders. However, the structural integrity of teeth and optimal oral health can be accomplished by combining Indian traditional medical practices with vitamin D supplementation, which has synergistic attributes for gum health, anti-inflammatory effects, and dental caries prevention. Nevertheless, the unique association of oral health, vitamin D deficiency and the habitus from Indian perspective is extremely underrepresented in academia. To the best of our knowledge, in the aforementioned context, the present narrative review is probably the maiden attempt to discern the crosstalk of oral health and Vitamin D from the perspectives of Indian habitus.
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1 Introduction

The term “health” encapsulates an individual's comprehensive and state of physical, mental, and social well-being and not merely the absence of disease or infirmity (1). Oral health plays an indispensable role in overall systemic health. Optimal oral hygiene enables individuals to maintain their social appearance and confidence through functional and aesthetically pleasing dentition. Conversely, compromised dental health adversely affects speech, mastication, and other oro-facial functions, thereby diminishing social well-being and overall quality of life (2). For example, individuals with mal-aligned dentition may experience social discomfort, leading to avoidance of public interactions and smiling. Poor dental health is linked to systemic conditions such as bacterial pneumonia, cardiovascular diseases, stroke, infective endocarditis, digestive disorders in the elderly, and adverse pregnancy outcomes (3). Evidence suggests a direct association between dental infections, such as periodontitis, and cardiovascular diseases. Oral bacteria can elevate the risk of infective endocarditis and other systemic complications, especially in individuals with predisposing conditions like rheumatic fever or post-organ transplantation (4). Mechanistic pathways include direct microbial effects on endothelial atheroma formation, host-mediated inflammatory responses, and genetic predispositions (5). Furthermore, maternal oral health has profound implications for the oral and systemic health of offspring. Periodontal disease during pregnancy is associated with adverse outcomes such as preterm birth, preeclampsia, low birth weight and nutritional aspects (6). Maternal oral flora transmission to newborns also heightens susceptibility to dental caries in children (7).

Vitamin D, a fat-soluble vitamin, is synthesized endogenously in the skin through ultraviolet B radiation (290–315 nm) and is also obtained from dietary sources (8). Its active metabolite, calcitriol (1,25-dihydroxyvitamin D3), is critical for calcium absorption, bone health, and phosphorus metabolism (9). Beyond its skeletal functions, vitamin D modulates inflammatory processes and exerts immunomodulatory effects by regulating antibacterial defenses, antigen presentation, and adaptive and innate immunity (10, 11). Emerging research highlights the association between vitamin D levels and various oral health outcomes, including periodontal conditions (12), oral cancer (13), tooth mineralization (14), and tooth loss (15). The vitamin D receptor plays a pivotal role in maintaining oral health, particularly in periodontal disease progression (16). Indicators of periodontal health, such as bleeding on probing (BOP), pocket depth (PD), gingival bleeding, clinical attachment loss (CAL), and alveolar bone loss, are closely linked to vitamin D status. Studies demonstrate that higher serum vitamin D levels correlate with reduced periodontal pockets (17), lower risk of tooth loss (10), and improved periodontal health (18).


1.1 Synthesis of health and habitus

Extensive research underscores the disproportionate burden of ill health and reduced life expectancy among individuals with lower socioeconomic status compared to their affluent counterparts (19). Contributing factors include limited access to nutritious food (20–22), safety concerns restricting mobility (23–25), inadequate infrastructure and services (26), and psychosocial stressors that exacerbate mental health challenges and substance misuse (27). Conversely, social cohesion, robust networks, and community pride have been shown to promote health and well-being (28). Social epidemiological studies have consistently established strong links between social stratification, class dynamics, and health disparities (29–31). Detrimental social conditions are strongly correlated with oral health challenges (32–34). Determinants such as insufficient family income (35), limited maternal education (36), disrupted childhood education (37), social class (38), and ethnic background (39–41) predispose communities to adverse oral health outcomes.

From a sociological perspective, the concept of habitus, conferred by Bourdieu provides an essential framework for understanding health disparities. Habitus bridges the “objective” and “subjective” dimensions of the social world, elucidating how individuals act and think within their social context without being entirely dictated by social structures (42). In the context of oral health, habitus shapes health-related behaviors such as dietary practices, oral hygiene routines, and health-seeking behaviors, which may vary significantly across different socio-economic groups in accordance with their social space (43). These ingrained practices, beliefs, and lifestyle patterns profoundly influence individual and community health outcomes.

In the Indian context, national oral health surveys remain limited. The Dental Council of India provided its first epidemiological oral health survey report in 2004 (conducted in 2002–2003), followed by another in 2007 (44). In 2016, India's inaugural state-wise evaluation of the global disease burden (GDB) was undertaken (45). However, the critical intersection between oral health and systemic health remains underexplored. Globally, oral diseases continue to constitute a significant public health challenge. The Global Burden of Disease Study, 2017 reported that oral health disorder affects nearly 3.5 billion people worldwide (46). Oral health in India reflects a complex interplay of traditional practices, socioeconomic and lifestyle factors, and access to modern healthcare. This dynamic is deeply intertwined with the concept of habitus, which encompasses ingrained habits, dispositions, and practices shaped by the social milieu. Socio-cultural determinants significantly influence oral hygiene practices, dietary patterns, and health-seeking behaviors. Thus, habitus in India epitomizes the interaction between tradition, economic status, and social environment, shaping both positive and adverse oral health behaviors.



1.2 Research gaps in the intersection of oral health, vitamin D, and habitus: a multi-dimensional approach

Despite its critical importance, the nuanced interrelationship between oral health, vitamin D, and the concept of habitus within the Indian socio-cultural context remains underexplored in academic discourse. A nuanced understanding of this intersection can offer valuable insights into how biological, social, and cultural factors converge to shape health outcomes. Previous studies on oral health and vitamin D tends to focus on either biological or epidemiological components, but the larger socio-cultural influences, especially within the Indian context, are often underrepresented and even somehow, overlooked. This research gap calls for a multi-dimensional investigation of how socio-cultural, traditional, and environmental factors influence both oral health and vitamin D status. To the best of our knowledge, this review represents the first such endeavor to explore the coaction between oral health and vitamin D through the sociological lens of Indian habitus. By addressing this junction, we aim to uncover the underlying socio-cultural and environmental determinants that influence oral health behaviors and vitamin D status in India, offering insights for targeted public health interventions and the prospects of future research. Furthermore, this review aspires to bridge existing knowledge gaps by integrating biological, cultural and environmental dimensions, thereby providing a comprehensive and holistic understanding of this multifaceted coaction.


1.2.1 Reconceptualizing oral health: interlinking social well-being, systemic health, and vitamin D

Oral health is often perceived as a subset of physical health, confined to the management of diseases affecting the teeth, gums, and surrounding tissues. However, the scope of oral health extends far beyond mere structural integrity to encompass larger psychosocial elements of well-being. The association between oral health and overall systemic health has long been acknowledged, with research elucidating associations with cardiovascular diseases, diabetes, stroke, and respiratory infections (3). The extent of this linkage has prompted an increasing interest in exploring how social and environmental factors, particularly those shaped by socio-cultural practices, influence oral health outcomes. While the oral cavity serves as a primary entry point for pathogens, it is also a critical indicator of systemic conditions. The persistence of poor oral hygiene, inadequate access to oral care, and untreated dental conditions is often indicative of deeper socio-economic and cultural determinants. Notably, the burden of oral diseases disproportionately impacts disadvantaged populations, linking social inequality with an increased vulnerability to poor oral health and systemic diseases (47). Oral health is often studied from a biomedical perspective, emphasizing clinical diagnostics and treatments for conditions like cavities, gum disease, and tooth loss. While this approach is crucial in understanding the physiological factors contributing to oral diseases, it largely overlooks the socio-cultural determinants that influence oral health behaviors, particularly in the context of the Global South (48). Dietary habits, oral hygiene practices, and health-seeking behaviors are deeply shaped by social, cultural, and economic factors, making it essential to incorporate these elements into oral health research (49). In India, the role of oral hygiene practices such as chewing sticks, herbal powders, and oil pulling remains a topic of interest but is not yet explored in depth from a socio-cultural or habitual standpoint (50, 51). While the traditional practices of rural and urban communities are often seen as archaic, they represent a culturally ingrained habitus that shapes individuals' responses to oral health issues. Oral health disparities are evident across different socio-economic strata, with marginalized communities facing barriers to accessing modern dental care.

Nevertheless, India's rich socio-cultural heterogeneity significantly shapes oral health behaviors, with region-specific practices, beliefs, and indigenous knowledge systems forming the foundation of daily hygiene routines. In a study conducted among ethnic tribes in Assam's Nalbari and Barpeta districts, Deka and Nath documented the use of 39 plant species for oral health care—such as Azadirachta indica (neem) and Salvadora persica (miswak) for tooth cleaning, and Mimusops elengi (bakul) leaves for mouth rinsing—reflecting a deeply embedded traditional health system (52). Similarly, research by Asif et al. among tribal children in Bhadrachallam in the Eastern Ghats, reported that the use of twigs and other indigenous materials for oral hygiene yielded outcomes comparable to those using toothbrushes and toothpaste, highlighting the efficacy of culturally rooted practices (53). In Maharashtra's Nandurbar district, tribes such as the Bhills, Gavits, and Koknas utilize medicinal plants like Azadirachta indica (neem) twigs for dental hygiene and Acacia catechu (khair) bark for treating tooth decay (54). Similarly, the Yanadi tribe in Andhra Pradesh employs herbs including Ocimum sanctum (holy basil) and Curcuma longa (turmeric) for managing oral ailments (55). In Odisha's Nuapada district, ethnic communities also use Azadirachta indica (neem) for its antimicrobial properties in periodontal care (56). These empirical findings emphasize that oral health in India cannot be understood in isolation from traditional and cultural context. Region-specific approaches that integrate traditional practices with modern dentistry can improve oral health outcomes while preserving indigenous knowledge. These studies revealed that communities often rely on folk remedies and traditional knowledge passed down through generations, which may or may not align with evidence-based clinical practices. Furthermore, the relationship between oral health and systemic health has gained increasing recognition in recent years, especially the connection between periodontal disease and chronic conditions such as diabetes and heart disease (57–61). However, oral health's role in overall well-being is still often perceived through a narrow biomedical lens, which fails to address the broader social context in which oral health behaviors are embedded.

Vitamin D plays a critical role in bone health, including the health of teeth, and its deficiency is linked to various conditions such as osteomalacia, rickets, and periodontal disease (62–64). Despite growing recognition of vitamin D's impact on health, research in India often fails to connect vitamin D status with social and cultural practices, particularly diet and sun exposure behaviors (65). The main sources of vitamin D-sunlight and dietary intake-are heavily influenced by cultural practices, particularly in sun exposure and dietary habits (66, 67). In certain Indian communities, dietary patterns are shaped by religious beliefs, socio-economic status, and geographical variations. For example, vegetarian diets may lack sufficient vitamin D, which is predominantly present in animal-based products like fish, eggs, and fortified dairy products (68, 69). Additionally, cultural practices, such as veiling or limited outdoor activities in conservative households, can drastically limit sun exposure, an essential factor for vitamin D synthesis (70). Moreover, the regional disparity in vitamin D levels across India further complicates the situation (71). For instance, individuals in northern parts of India, where sunlight is limited in the winter months, are often found to have lower levels of vitamin D compared to those living in southern parts, where sunlight is more consistent year-round (72, 73). These regional differences are shaped by habitual behaviors that are both culturally and economically influenced, presenting a critical research gap in understanding how these cultural norms impact vitamin D status. The urban-rural divide, coupled with varying dietary habits, lifestyle practices, and access to sunlight, plays a critical role in determining an individual's vitamin D levels. Research has shown that individuals in rural areas often exhibit lower serum vitamin D levels due to limited access to fortified foods, inadequate exposure to sunlight, and socio-economic challenges that hinder their awareness about vitamin D deficiency and ability to access further medical intervention. Moreover, factors such as clothing patterns (influenced by regional, cultural, and religious practices) can further restrict sun exposure, exacerbating vitamin D deficiency, especially among women (74). The health implications of vitamin D deficiency are far-reaching. Inadequate levels of this vital nutrient have been associated with a higher incidence of chronic diseases, including osteoporosis, cardiovascular diseases, and autoimmune disorders. For oral health, vitamin D plays a climacteric role in calcium metabolism and the prevention of periodontal diseases. Studies have established a clear correlation between low vitamin D levels and the severity of periodontal disease, with vitamin D deficiency contributing to inflammation and alveolar bone loss (75, 76). Given that India has one of the highest rates of vitamin D deficiency globally, identifying the socio-cultural determinants of vitamin D status is vital for formulating effective public health interventions (77). The crucial role of vitamin D in oral health has also been a subject of intense scrutiny, as it is central to calcium metabolism, bone health, and immune function. Recent studies have established a bidirectional relationship between vitamin D deficiency and oral diseases, particularly periodontitis, caries, and tooth loss. The modulation of immune responses through vitamin D's effects on the innate and adaptive immune systems has made it a key factor in the regulation of periodontal health.

The concept of habitus, as defined by Pierre Bourdieu, refers to the profoundly embedded and enormously ingrained habits, skills, and dispositions that individuals develop through their life experiences, particularly within specific social contexts. Habitus shapes individuals' behaviors, attitudes, and perceptions, often beyond their conscious awareness, and thus plays a pivotal role in determining health behaviors, including those related to oral hygiene and health-seeking practices. In the context of oral health, habitus influences not only individual health practices-such as brushing, dietary choices, and the seeking of dental care, but also societal norms that govern health practices. This framework is pertinent to fathom the inequities in healthcare system where structured barrier, e.g., economic disparities, cultural stigmas, and discrepancy in awareness intersect with individual practices to perpetuate disproportionate effect. Individuals with lower socioeconomic status, for example, may lack access to effective oral healthcare or be less likely to adopt preventive dental practices due to the constraints of their habitus, which is shaped by factors such as income, education, and cultural values (78, 79). This sociological lens also sheds light on the unequal distribution of oral health outcomes across different social strata. Those with higher socioeconomic status typically have better access to healthcare, superior oral hygiene habits, and greater knowledge about the importance of oral health, which reinforces their health advantages. Conversely, individuals from disadvantaged backgrounds face multiple barriers, including economic limitations, cultural attitudes, and inadequate health infrastructure, all of which contribute to poorer oral health outcomes (80). The health disparities observed across various social classes reveal the profound influence of habitus in shaping individuals' health trajectories. Vitamin D deficiency, which is prevalent in global south when combined with these disparities, aggravate oral health issues, for its critical role in bone metabolism and immune function. This concatenation of oral heath, vitamin D and habitus demands deeper consideration since they directly address the Sustainable Development Goals (SDG3 and SDG10) which advocate for ensuring healthy lives and promoting wellbeing for all and reducing inequalities, particularly accentuating the imperatives to handle discrimination in oral healthcare.



1.2.2 Toward an integrated framework for oral health and vitamin D status in India

As we navigate the complexities of oral health and vitamin D status in India, it becomes evident that a multidimensional approach is necessitated. Bridging the gap between traditional knowledge, contemporary medicine, and social determinants of health is pivotal for developing interventions that are both effective and culturally concordant. Nevertheless, addressing the socio-cultural factors that shape health behaviors-such as education, income, and access to resources can help mitigate the disparities observed in oral health and vitamin D status (81, 82). The concept of habitus, as it relates to oral health and vitamin D, provides a robust framework for understanding the socio-cultural determinants of health. By examining how individuals' social space shape their health behaviors, we can better understand the barriers to optimal oral health and vitamin D levels. The role of habitus in shaping health practices and access to healthcare must be considered in designing interventions aimed at improving health outcomes across diverse social groups. Incorporating these insights into policy and public health initiatives can facilitate the development of effective interventions that promote preventive care and reduce health disparities (80). This exploration of oral health, vitamin D, and habitus underscores the need for a comprehensive and culturally sensitive approach to healthcare in India. By integrating traditional knowledge systems with modern health practices, we can create a more inclusive and holistic model of healthcare that addresses both the biological and socio-cultural aspects of health. Ultimately, the junction of oral health, vitamin D, and habitus provides an opportunity to rethink public health interventions in India, offering some path toward more equitable and effective health outcomes for all.





2 Discussions

The present narrative review aims to critically analyze the interconnection between oral health and vitamin D and its relation with habitus in the Indian context. With the analyzed literature, the key socio-cultural, behavioral and biological factors influencing oral health practices, alongside the pivotal role of vitamin D in maintaining oral health can be identified (Figure 1). The review highlights how habitus configured by social, cultural, and economic contexts not only affects individualistic health behaviors, also it enunciates the disparities in access to healthcare, nutritional knowledge, and oral health resources that can be affiliated to socio-economic status and cultural practices of different communities. By understanding these intersections, the potential pathways for improving oral health outcomes in India can be ascertained. This analysis can establish the cornerstone of future research on impact of habitus and nutrition, particularly vitamin D intake on oral health in a holistic manner, contributing to policy and intervention strategies necessary at reducing health inequities in the Indian population.
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FIGURE 1
Interconnection between oral health and vitamin D level, orchestrated by habitus in Indian context. Created with BioRender.com.



2.1 A closer look at oral health and vitamin D status in India

Healthcare systems bear the critical responsibility of addressing the health needs of their populations in an equitable and non-discriminatory manner. Insights from the 2017 Global Burden of Disease (GBD) study underscore the staggering impact of oral diseases, which afflict an estimated 3.5 billion people worldwide. Among these, untreated dental caries remains the most prevalent condition, eclipsing all other morbidities. Beyond its pervasive presence, oral disease significantly undermines quality of life and imposes substantial financial pressures on public health systems, often exacerbating budgetary constraints. Moreover, the intricate links between oral diseases and chronic non-communicable conditions are well-documented, with tooth loss frequently cited as a marker of increased risk for premature mortality. The psychosocial implications of oral disease, including diminished psychological well-being and social isolation, further magnify its multifaceted burden (47). As India aspires to realize the goal of universal health coverage, strengthening oral healthcare delivery through the recruitment and retention of skilled, motivated dental professionals emerges as a key priority. Developing a robust, data-driven workforce landscape is imperative for crafting effective policies that can reduce the workforce gaps and develop a responsive healthcare system. However, systemic shortages in human resources present formidable challenges, curtailing the scalability of health services and limiting the capacity to translate financial investments into tangible health outcomes. The discourse on health inequalities, particularly their intersections with living conditions, has moved to the forefront of public health scholarship. Paul Farmer's evocative characterization of inequality as the “plague of our era” captures the pervasive and enduring nature of this issue (83). Similarly, Gwatkin's analysis highlights the critical dimensions of ethnicity, gender, and economic status in shaping health outcomes in developing nations (84). Oral diseases persist as a significant public health concern, particularly in rural areas, which house approximately 69% of India's population. The prevalence of both, oral diseases and periodontal diseases are alarmingly high, with different percentages of dental caries in different age groups (47). Comprehensive, equity-focused strategies are essential to mitigating this substantial burden and aligning oral health priorities with broader public health goals.

Vitamin D, a fat-soluble vitamin recognized for its antirachitic properties, belongs to a group of lipid-soluble compounds known as calciferols, characterized by a four-ringed cholesterol backbone. This group includes Vitamin D3 (cholecalciferol) and Vitamin D2 (ergocalciferol). Among these, Vitamin D3 is predominantly referenced in scientific literature. Importantly, Vitamin D can be synthesized endogenously, with approximately 90% of the body's requirement produced in the skin upon exposure to sunlight (85–87). The physiological significance of Vitamin D is extensive, encompassing the maintenance of normal blood calcium and phosphate levels essential for bone mineralization, muscle contraction, nerve conduction, and overall cellular function across all tissues. Furthermore, it plays a vital role in immune regulation, inflammation control, and the processes of cell proliferation and differentiation (62, 87). Endogenous Vitamin D synthesis primarily occurs in the skin when exposed to ultraviolet B (UV-B) radiation within the wavelength range of 290–320 nm. Although dietary sources such as fatty fish, fortified foods, and supplements contribute to Vitamin D levels, they are generally inadequate, particularly as vegetables and grains are poor sources (62). Additionally, various environmental and physiological factors, including geographic latitude, solar zenith angle, atmospheric pollution, ozone layer integrity, and melanin pigmentation, significantly influence the efficiency of cutaneous Vitamin D synthesis (62). The global prevalence of Vitamin D deficiency is alarmingly high, spanning both regions with limited sunlight exposure and those with abundant sunlight availability. Despite this, Vitamin D deficiency remains one of the most underdiagnosed and undertreated nutritional deficiencies worldwide (66, 88). Numerous studies highlight poor Vitamin D status across different age groups, sexes, and geographical regions. However, the lack of universally standardized guidelines for defining Vitamin D deficiency poses challenges in drawing consistent comparisons. Most studies adopt a serum 25-hydroxyvitamin D [25(OH)D] level below 20 ng/ml as the threshold for deficiency, though some employ alternative cutoff values (66, 88). In India, community-based studies conducted over the past decade on apparently healthy individuals have reported Vitamin D deficiency prevalence rates ranging from 50% to 94%. These studies, encompassing various age groups, vividly demonstrate the prodigiousness of the problem (89–105). Hospital-based investigations similarly reveal a prevalence ranging from 37% to 99%, underscoring the widespread and critical nature of Vitamin D deficiency in the country (106–121). Such findings necessitate a comprehensive and context-specific approach to mitigate Vitamin D deficiency through public health initiatives, policy formulation, and targeted interventions addressing both environmental and sociocultural determinants.



2.2 Biological underpinnings of oral health and vitamin D

Oral health involving the health of teeth, gums, and their surrounding tissues, reflects one's general health and well-being. The oral cavity is a complex ecosystem hosting a very diversified microbiome, serving as an entrance into the digestive system. Despite its importance, oral diseases such as dental caries, periodontal disease, and oral cancer maintain high disease burdens globally, affecting hundreds of millions of people while imposing substantial economic and quality-of-life burdens. Recent breakthroughs in the understanding of the oral microbiome, host-pathogen interactions, and interplay between oral and systemic health, which, in turn, underlined the urgent need for devising new strategies for the prevention, diagnosis, and treatment of such diseases.

Oral health is indicative of overall bodily health. The effective functioning of the human physiological and biochemical systems necessitates a balanced interaction of various vitamins and minerals. Vitamin D is one such vitamin with pleiotropic effects beyond bone health and is required for maintaining bodily homeostasis (122). Vitamin D is a secosteroid hormone that has long been recognized for its functioning in regulation of calcium and phosphorus homeostasis and bone mineralization. Furthermore, it maintains the balance between different physiological processes involving the skin, musculoskeletal, neuromuscular, and immune systems. Current investigations have been more focused in exploring the antitumor, antibacterial, anti-inflammatory, and other immunomodulatory effects of Vitamin D (123). Teeth, the mineralized organs are consisted of three distinct hard tissues, i.e., Enamel, dentin, and cementum. Teeth are tethered to the alveolar bone that surrounds the tooth socket through an unmineralized periodontal ligament. Vitamin D deficits and genetic abnormalities in vitamin D metabolism effectuate significant alterations in dental-oral-craniofacial structures. In this context, this review attempts to unveil the nexus between vitamin D and oral health.

Vitamin D is predominantly acquired through solar irradiance, while other supplementary forms include diet and nutritional supplements (124–128). Though intrinsic vitamin D is considered rare in foods, the notable sources include oily fish species such as salmon, mackerel, and herring, together with their oils, like cod liver oil (124). There exist two major bioactive forms of vitamin D, referred to as ergocalciferol, or Vitamin D2, and cholecalciferol, or Vitamin D3. Vitamin D2 is produced by the ultraviolet mediated conversion of ergosterol from yeast, while Vitamin D3 is produced by the irradiation of 7-dehydrocholesterol obtained from lanolin (62, 126, 129) with biological activity equivalent to cholecalciferol. Moreover, Vitamin D3 is endogenously produced in human skin upon sun exposure. Serum 25-hydroxyvitamin D (25[OH]D) levels have been recognized as a widely accepted marker for the measurement of vitamin D status. Essentially, vitamin D is a hormone whose endocrine activity helps to maintain blood calcium and phosphate levels by controlling intestine absorption (62, 124, 130). In addition, it functions as an autocrine and paracrine agent, regulating the innate immune system, cell maturation, and differentiation (131–133). In specifics, the physiologically active form of vitamin D interacts with the VDR, a receptor molecule, to mediate the activities of vitamin D on cell (131, 133, 134). Consequently, the biological functions of vitamin D depend on the modulation of the VDR for its genomic effects and membrane-associated proteins for its nongenomic effects including various signaling pathways (135). This wide activity is explained by the fact that this vitamin controls the expression of a large percentage of genes, and according to estimates, it influences about 5%–10% of the whole genome. The role of nutrition in oral disorders has become very popular and recent studies have pointed out an increasingly important connection between nutritional deficiencies and oral diseases (3, 136). With regards to oral disorders, caries and periodontal diseases are multifactorial diseases of undoubted complexity and continue to be the two most widespread diseases in the world (137, 138). Both caries and periodontal diseases are associated with VDD and its underlying pathophysiologic processes. Mechanisms, which link vitamin D to oral health, are not based only on bone metabolism. Nowadays, research has unveiled that Vitamin D deficiency and its underlying pathophysiologic processes are linked to both periodontal and dental disorders (Figure 2) (139–142). Recent investigations deciphered that vitamin d deficiency disrupts odontogenesis, leading to a hypomineralized dentition that is vulnerable to fractures and carious lesions (142).
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FIGURE 2
Contribution of vitamin D in mitigating different oral health issues.



2.2.1 Vitamin D protecting mechanism against dental caries

Teeth are mineralized structures made up of three different hard tissues: cementum, dentin, and enamel. They are encased in alveolar bone. Although the mineralization of teeth and skeletons happens simultaneously, problems resulting from disruptions in mineral metabolism will resemble those in bone tissue. A dysregulated levels of vitamin D can result in the “rachitic tooth,” a malformed and hypomineralized structure that is extremely prone to fracture and decay. Vitamin D is essential for the mineralization of bone and teeth. There is a lot of discussion on the methods by which VDD influences tooth mineralization elsewhere (143, 144). The primary biological foundation is based on the observation that severe VDD (<10 ng/ml) results in hypophosphatemia and hypocalcemia, which in turn leads to secondary hyperparathyroidism (caused by hypocalcemia) (145, 146). The resulting hypophosphatemia then deteriorates dramatically. Ultimately, tooth cells with low Ca2+ and phosphate ion concentrations perish their vitamin D signalling pathways, which prevents teeth from properly mineralizing and results in mineralization problems. Circulating vitamin D, in addition to maintaining mineralization equilibrium, can activate a signalling cascade via vitamin D receptors (VDR). Vitamin D-responsive element (VDR) is a ligand-activated transcription factor that regulates the expression of genes. Certain genes that are sensitive, for example, impact bone, immunological response, mineral metabolism, cell migration and life cycle, skeletal muscle, detoxification, and energy metabolism. The production of structural gene products, including as calcium-binding proteins and other extracellular matrix proteins (such as enamels, amelogenins, dentin sialoglycoproteins, and dentin phosphoproteins), can be induced by vitamin D through the upregulation of VDR which enable the formation of dentin and enamel (143, 147).

Maternal 25(OH)D levels can alter deciduous dentition, regardless of inherited foetal abnormalities (148, 149). Vitamin D levels in foetal blood correlate with maternal levels, making it a reliable surrogate marker for the foetus. Therefore, if maternal 25(OH)D levels become imbalanced, this might have a direct impact on the baby's health (150) and, specifically, on tooth formation (148, 149, 151–153). The pattern of mineralization defects depends on the precise week of gestation in which maternal VDD occurred. For instance, around at the 13th week from conception, the human primary maxillary central incisor begins to calcify, and if there is a VDD status, there might be a hypoplasia or mineralization deficit on the incisal third of crown. Recent studies have examined the role of vitamin D supplementation during pregnancy in influencing the dental health of newborns, particularly in the development of deciduous teeth and enamel defects. One randomized controlled trial (RCT) found that pregnant women with serum vitamin D levels below 15 ng/ml exhibited a 14% higher risk of experiencing defects in the deciduous dentition of their offspring (154). Conversely, the administration of high-dose vitamin D supplementation during pregnancy was proven to reduce the odds of enamel defects by approximately 50% (151).

Moreover, untreated caries in permanent and deciduous teeth was the most common ailment, impacting 35% and 9% of the world's population, respectively (155). Caries is also the fourth costliest chronic illness to treat, according to the WHO (156). The pathogenesis of this infectious illness is diverse and intricate. The most extensively researched risk variables were environmental factors such cariogenic bacteria, a diet heavy in carbohydrates, and inadequate dental hygiene (157–159). However, some individuals are more prone to caries than others even when they are exposed to the same environmental risk factors, hence environmental variables by themselves are insufficient to account for the prevalence and incidence of caries. Low vitamin D levels have been linked to a high frequency of caries in both children and adults, although the exact mechanism is yet to be discerned (160–162). Vitamin D is essential for the modulation of immune system activity, influencing both innate and adaptive immune responses. Optimum levels (≥75 nmol/L) are linked to decreased risk of dental caries in children (141, 163, 164). Nonetheless, vitamin D appears to protect caries lesions by regulating the immune system and stimulating antimicrobial efficacy with peptide activity. The effects of UVB are proved to be pivotal in decreasing tooth cavities by producing vitamin D and inducing AMPs, which have antibacterial characteristics (165–168). AMPs are host defensive peptides, mostly cationic and amphiphilic compounds, that provide critical components of innate immunity against a variety of bacteria, fungi, and viruses and help prevent cavities (168, 169).



2.2.2 Role of vitamin D in oral mucosal resistance

The oral mucosal epithelium serves as a critical physical barrier, protecting the soft basal tissue from microbial invasion along with its pathogenic antigens and toxin-producing factors and also from minor physical and structural abrasions (170). The keratinocytes within the basal and spinous layer of the oral epithelium synthesize 1,25-dihydroxyvitamin D (1,25(OH)₂D) and vitamin D receptor (VDR) is expressed within the cells. The crosstalk between 1,25(OH)₂D and VDR regulates the proliferation, differentiation, and apoptosis of the keratinocytes. This signalling pathway also influences immune responses within the epithelial layer, influencing their sensitivity to various stimuli (171).

Vitamin D and VDR ally together to enhance the antimicrobial immune response of the innate immune cells which activate adaptive immunity when exposed to virulence through antimicrobial peptides (AMPs). VDR is expressed in both the cells of innate and adaptive immune systems. Additionally, a few cells also express CYP27B1 and synthesize the physiologically active 1,25(OH)₂D. Upon the activation of Toll-like receptors (TLRs) to recognize the pathogen-associated molecular patterns (PAMPs) and subsequent modulation of immune response by natural immune cells augments the expression of CYP27B1 and VDR, and results in synthesis of 1,25(OH)₂D. The AMP genes β-defensin 2/defensin-β4 (HBD2/DEFB4) and cathelicidin antimicrobial peptide (CAMP) are encoded by 1,25(OH)2D/VDR signalling in the immune cells, thus contributing to the innate immune defence (172, 173). The 1,25(OH)2D/VDR signalling pathway contributes to oral tolerance by modulating the function of regulatory T cells (Tregs), in maintaining immune homeostasis. 1,25(OH)2D downregulates the maturation of antigen-presenting cells (APCs), particularly dendritic cells (DCs), by binding to the VDR. This leads to their decreased capacity to present antigens as peptides to T cells on human leucocyte antigen (HLA) molecules and subsequent diminished T cell activation and proliferation, potentially leading to T cell anergy and altered proinflammatory cytokine production (12, 172, 174, 175).



2.2.3 Impact of vitamin D on progression of oral carcinogenesis

Vitamin D exerts an oncostatic effect on pathogenesis of certain oral cancer, though the researches are still at a nascent phase. Research suggests vitamin D deficiency (VDD) increases susceptibility to cancer progression, and vitamin D and its bioactive analogues have potential therapeutic and cancer-inhibiting features. Cancerous tissues demonstrate elevated expression of the vitamin D receptor (VDR), and both in vivo animal models and in vitro cell culture studies have shown that the active form of vitamin D, 1,25(OH)₂D, inhibits critical processes such as cell proliferation, angiogenesis, and tumour invasion, while also promoting cellular differentiation and apoptosis. This antitumorigenic effect is mediated through the activation of cyclin-dependent kinase inhibitors specifically p21 & p27, which disrupt the action of mitogenic growth factors such as insulin-like growth factor 1 (IGF-1) and epidermal growth factor (EGF), while simultaneously enhancing the tumour-suppressive effects of transforming growth factor-beta (TGF-β). These actions collectively contribute to the inhibition of cancer cell proliferation and tumour progression. Additionally, the 1,25(OH)₂D/VDR signalling axis plays a pivotal role in modulating the inflammatory pathways associated with cancer by downregulating cyclooxygenase-2 (COX-2), prostaglandin synthesis, and NF-kB signalling. This results in the inactivation of antiapoptotic proteins, such as Bcl-2, and the activation of proapoptotic factors, such as Bax and RAK, thereby promoting apoptosis of malignant cells (175, 176). Patients of oral cancer invariably exhibit a deficiency in their serum vitamin D levels. A case-control study demonstrated that vitamin D has escalating impact on squamous Oral, pharyngeal, and oesophageal cell carcinomas among and those with severe smoking and alcoholism (177). Different research indicated, vitamin D supplementation significantly mitigate chemotherapeutic toxicities in advanced stage oral malignancies, which leads to a reduction in morbidity and an enhanced overall quality of life. In addition, VDR is over-expressed in both premalignant lesions and oral neoplasms (178).



2.2.4 Influence of vitamin D in the prevention and management of periodontal diseases

Periodontitis ranks among the most widespread global health conditions, with its advanced stage classified as the sixth most prevalent, causing significant social, economic, and systemic burdens that affects individual's quality of life (179, 180). Periodontitis, a multifactorial and polymicrobial complex inflammatory disease is found to be exacerbated in presence of various other health conditions, including diabetes, ischemic stroke, cardiovascular disease, rheumatoid arthritis, inflammatory bowel disease, stress, complications in solid organ transplant recipients, and preterm birth (181). In alignments with these systemic connections, extensive research has explored the impact of nutrition in periodontal health, specifically the influence of vitamin D deficiency. Recent European consensus guidelines emphasize that insufficient vitamin D levels can have a detrimental effect on periodontal health and oral functionality (3). The periodontal infections trigger both inflammatory and immunological responses of host immune system with elevated levels of IL-35, IL-17A, and transforming growth factor, indicating an inflammatory environment to periodontal infections (182) and a decreased level of salivary concentration of vitamin D have been associated with high levels of inflammatory biomarkers in individuals with periodontitis. Inflammatory stimuli trigger the dental pulp fibroblasts and periodontal cells to enhance to local biosynthesis of 1,25(OH)₂D. This active metabolite of vitamin D facilitates immunoprotective response by binding to VDR and activating non-specific as well as specific immune system necessary to mitigate microbial load within oral microenvironment (75). Numerous research revealed low serum vitamin D concentration is closely linked with aggravated periodontal inflammation and alveolar bone resorption. The immunomodulatory effect of Vitamin D signalling pathway in periodontal soft tissues primarily mediated by the upregulation of cathelicidin, a key cationic antimicrobial peptide integral to innate immune system. drive a key human cationic antimicrobial peptide integral to innate immune responses (183, 184). Hitherto, cross-sectional investigations of gingival samples reveal reduced level of VDR, along with less fibroblast cells but more inflammatory cellular infiltrates in comparison to healthy persons (185).




2.3 From structure to symptoms: interrogating Bourdieu's concept of habitus in the context of vitamin D and oral health in India

Pierre Bourdieu's concept of habitus represents a theoretical framework that encapsulates the interplay between societal structures and individual agency. Defined as a set of durable, transposable dispositions, habitus is shaped by historical and social contexts and, in turn, shapes human behaviors and practices (186). This notion underscores the embodiment of social structures within individuals, manifesting in habitual practices, preferences, and lifestyle choices. In the Indian context, habitus acquires a nuanced dimension, interwoven with caste, class, ethnicity, and regional identities, influencing health behaviors and access to resources.

The Indian habitus reflects deeply embedded norms and values shaped by caste, religion, and community affiliations. These elements dictate dietary practices, physical activity levels, and exposure to sunlight, factors intrinsically linked to vitamin D levels. Vitamin D deficiency in India is paradoxical, given the country's abundant sunlight. However, cultural, dietary, and lifestyle practices contribute significantly to this issue. For instance, traditional attire, especially among women in conservative communities, limits sun exposure, contributing to vitamin D deficiency (187, 188). Traditional Indian diets common in certain populations, often vegetarian or predominantly plant-based, lack sufficient natural sources of vitamin D such as fatty fish, eggs, and fortified foods (73). While ghee and fermented dairy products like buttermilk are consumed in some regions, their contribution to vitamin D levels is minimal.

Bourdieu's concept of habitus offers an insightful lens to analyze the structural and embodied dimensions of oral health disparities in India (Figure 3). Far from being a mere constellation of individual preferences or lifestyle choices, habitus is an embodied history-a durable, generative matrix of dispositions produced by one's social conditions (78). These dispositions unconsciously guide practices, perceptions, and valuations, including those related to health and hygiene. Among marginalized communities in India, oral health behaviors are not merely consequences of ignorance or negligence, but are deeply structured by material deprivation, cultural capital asymmetries, and institutional exclusion from formal healthcare systems (189).
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FIGURE 3
Addressing oral health disparities India.



2.3.1 Economic and cultural capital: the structural determinants of oral health disparities

Bourdieu's notion of capital (economic, cultural, and social) provides an effective framework to elucidate the stratified access to oral healthcare. Economic capital determines the affordability of preventive and curative dental services, often rendering such care a luxury for low-income groups. In communities where formal dental care is economically prohibitive, reliance on traditional practices such as datun (neem twigs), charcoal, or salt emerges not from cultural preference but from structural necessity (190). These practices become doxic, taken-for-granted norms reproduced within social fields and misrecognized as tradition, thereby obscuring their roots in deprivation (191).

Cultural capital, particularly in the form of health literacy, further reinforces these divides. Individuals embedded in middle-class or elite contexts, armed with biomedical knowledge and institutional trust, are more likely to incorporate routine oral hygiene and preventive care into their everyday lives (192). Conversely, marginalized groups, lacking this symbolic capital, deprioritize oral health or perceive it as irrelevant until crisis thresholds are reached. This divergence in health behavior becomes a site of symbolic violence—a process whereby social domination is internalized and misperceived as natural, fostering self-blame and obscuring the structural roots of inequality (193, 194).



2.3.2 Symbolic violence and the normalization of dental neglect

The normalization of oral pain and dental neglect among socially excluded groups further exemplifies how symbolic violence operates through habitus. In the absence of accessible, empathetic care, chronic pain and tooth loss are often seen as inevitable rather than preventable. This embodied resignation is less a reflection of apathy than a conditioned response to sustained institutional marginalization. Dental clinics, often perceived as alienating spaces of biomedical authority, reinforce this dynamic. Lower-income patients frequently report feelings of inadequacy, shame, or intimidation in these settings, exacerbated by hierarchical interactions with medical professionals (195). Such experiences foster alienation and medical avoidance, deepening cycles of oral health neglect.



2.3.3 Disrupting the cycle: beyond behavior to structural interventions

Addressing these disparities requires a paradigmatic shift from behavior-centric to structure-aware interventions. Public health strategies must foreground equity by subsidizing dental care, integrating oral health into primary care systems, and deploying mobile dental units in underserved areas. Additionally, health promotion efforts must cultivate critical health literacy—empowering individuals to question doxic assumptions and navigate complex healthcare systems (196). Culturally competent education programs should respect traditional oral practices while demystifying biomedical norms, ensuring that health knowledge is co-produced rather than imposed.

In essence, applying Bourdieu's habitus to oral health in India reveals that disparities are less about individual choices and more about historically sedimented dispositions shaped by economic scarcity, cultural marginalization, and symbolic domination. Remediating these inequalities demands not only institutional reform but also the sociological reconfiguration of how oral health is conceptualized, accessed, and valued.



2.3.4 From disposition to disease: the socio-structural anatomy of oral habitués

The triadic interplay of habitus, habits, and habitués offers a compelling framework for understanding the embodiment of health-related behaviors. Rooted in Bourdieu's sociological theory, habitus signifies the internalized dispositions shaped by historical and cultural conditions, which unconsciously guide individual practices. These dispositions emerge as habits (repetitive and routinized actions), that, over time, give rise to habitués: persistent and often deleterious engagements such as tobacco or alcohol use. This continuum underscores how socio-cultural structures inscribe themselves onto the body through practice, rendering health outcomes not merely biological events but socially conditioned processes with cumulative behavioral, symbolic, and physiological consequences.

The correlation between deleterious habitués, particularly tobacco use, alcohol consumption, and areca nut chewing, and the pathogenesis of oral disorders constitutes one of the most prevalent public health concerns in India. These practices, deeply embedded within the cultural, socio-economic, and ritualistic fabric of Indian society, act as potent etiological agents for a range of oral morbidities, most notably oral squamous cell carcinoma (OSCC), oral submucous fibrosis (OSMF), and chronic periodontitis. The epidemiological magnitude of this burden is unparalleled, with India contributing to nearly one-third of the global incidence of oral cancer (194, 197). Tobacco, in both smoked and smokeless forms, remains the predominant behavioral carcinogen. The widespread and extensive use of gutkha, khaini, and zarda (cheaper and more accessible than cigarettes) has rendered smokeless tobacco an endemic affliction across rural and peri-urban India (198). These products are replete with tobacco-specific nitrosamines (TSNAs), reactive oxygen species, and heavy metals that induce epithelial dysplasia, immune dysregulation, and mutagenesis (199, 200). Notably, chronic exposure results not merely in localized mucosal changes but systemic immune-inflammatory shifts that potentiate malignant transformation.

Alcohol, though less culturally ubiquitous than tobacco, acts synergistically with it to exacerbate oncogenic risk. Ethanol serves as a mucosal penetrant, facilitating deeper absorption of carcinogens, while concurrently inducing salivary gland hypo-function, oxidative stress, and microbial dysbiosis; factors that cumulatively destabilize oral homeostasis (201, 202). Despite growing evidence of harm, alcohol consumption is rapidly increasing across socio-economic strata, particularly among young urban males (203). The areca nut, either by itself or in combination with betel quid, is arguably the most culturally sanctioned of these habitués. Its primary alkaloid, arecoline, has been discerned to enhance the traits of OSMF: collagen deposition, fibroblast proliferation, and epithelial atrophy (204, 205). India accounts for an estimated 80% of global OSMF cases, with prevalence particularly high among adolescents and women from low-income communities (206–209). Alarmingly, longitudinal studies report malignant transformation rates in OSMF ranging from 7% to 13%, underscoring the pre-neoplastic potential of habitual areca nut use (210).

Compounding the physiological harms are sociocultural and structural barriers: poor health literacy, stigma, economic dependence on tobacco industries, and a dearth of accessible preventive oral healthcare services. Early signs such as leukoplakia, erythroplakia, and persistent ulcerations are often disregarded or misinterpreted, resulting in late-stage presentation and dismal survival outcomes (211). The National Health Policy (2017) and the MPOWER tobacco control strategy represent incremental progress, yet implementation gaps persist.

Thus, in the Indian milieu, habitués are not mere individual risk behaviors; they are systemic vectors of disease deeply intertwined with caste, class, gender, and economic precarity. Reducing their oral health impact necessitates an integrative strategy combining molecular research, culturally competent education, legislative enforcement, and sustained community-based interventions.



2.3.5 Social determinants of oral health and vitamin D deficiency in India

Oral health in India reflects broader social inequities and lifestyle transitions. The rise of urbanization and Westernized diets has led to increased consumption of sugar-rich and processed foods, contributing to higher prevalence rates of dental caries and periodontal diseases (188). Lifestyle factors, including tobacco use, are intricately linked to oral health disparities. India's socioeconomic gradient influences patterns of tobacco consumption, with marginalized communities disproportionately engaging in smokeless tobacco use due to affordability and cultural acceptability (212). Oral health outcomes are further mediated by access to healthcare services. Government healthcare initiatives often prioritize communicable diseases, leaving oral health inadequately addressed. Financial barriers and cultural stigma around seeking dental care exacerbate these challenges. Moreover, women's oral health outcomes are particularly affected by patriarchal norms that prioritize family welfare over individual health, delaying or neglecting dental treatment (195).

In India, socioeconomic status (SES) is a key determinant of oral health outcomes, with lower SES groups bearing a disproportionate burden of oral diseases due to limited access to care, inadequate health literacy, and higher prevalence of deleterious habits. The study by Chandra Shekhar and Reddy (2011) in Mysore demonstrated significantly higher rates of untreated dental caries, tooth loss, periodontal disease, and oral precancerous lesions among individuals from lower SES backgrounds (213). In contrast, higher SES groups exhibited better oral hygiene practices, increased utilization of dental services, and a greater number of filled teeth, highlighting stark disparities. Complementing these findings, a study from Gwalior district (214) reported that financial constraints are a major barrier to seeking dental care, largely due to the high cost of procedures. Similarly, Deolia et al. found that 12.4% of individuals preferred government-sponsored treatments for their affordability, emphasizing the need for accessible, cost-effective oral healthcare services (215).

Nevertheless, a study of nomads in southern India reveals that oral healthcare is often navigated through the lens of Stoicism, a philosophical disposition deeply embedded in their cultural psyche (216, 217). Stoicism valorizes the endurance of pain and discourages its expression, thereby framing help-seeking as a sign of weakness. Simultaneously, fatalism—another prevalent belief—constructs illness as an inevitable fate, rendering medical intervention seemingly futile, especially in the context of life-threatening conditions such as oral cancer (218). These ideologies are compounded by a strong ethic of self-reliance, wherein individuals opt for traditional home remedies over formal dental care. Despite a notable shift toward the use of toothbrushes, ineffective techniques persist, contributing to widespread gingivitis and periodontitis (217). Such outcomes may also be obscured by social desirability and information biases. Ultimately, entrenched misbeliefs and cultural narratives surrounding health and illness act as substantial barriers to accessing care, highlighting the critical need for culturally responsive oral health interventions within nomadic populations. Devi et al. reported that the majority of the Gypsy Narikuravar population in Puducherry demonstrate poor awareness of oral health and hygiene, lacking knowledge of basic practices such as appropriate tooth brushing techniques, the use of toothpaste, and other essential oral hygiene aids (219). This significant gap in oral health literacy highlights a broader systemic neglect of marginalized communities in public health outreach. The data from this study underscore the pressing need for culturally sensitive, community-based oral health education programs tailored to the specific needs of the Narikuravar. In addition, there is a critical demand for the integration of comprehensive and accessible oral healthcare services aimed at preventing and managing periodontal diseases within such underserved populations, thereby promoting long-term oral health and overall well-being.

Concurrently, vitamin D deficiency in India represents a pressing public health issue, with an estimated prevalence exceeding 80% in certain populations (220). Social determinants, including socioeconomic status, education, occupation, and geographical location, play pivotal roles in shaping vitamin D levels. Urbanization, characterized by sedentary lifestyles and indoor-oriented occupations, restricts natural sunlight exposure, exacerbating deficiency risks (71). Moreover, the widespread use of skin-lightening products, driven by societal beauty norms, further limits the cutaneous synthesis of vitamin D. Education levels significantly influence awareness and adoption of preventive measures against vitamin D deficiency. Conversely, populations in rural and underprivileged settings often lack such awareness, compounding their vulnerability. Geographical factors, including latitude and climate, also intersect with sociocultural determinants. Regions with prolonged monsoons or dense urban landscapes experience reduced UV-B radiation, further impacting vitamin D synthesis.

Lifestyle factors form a critical nexus between vitamin D deficiency and oral health. Insufficient sun exposure, dietary inadequacies, and sedentary behaviors contribute to poor bone health and increased susceptibility to periodontal diseases. Vitamin D plays a vital role in calcium metabolism, influencing dental and skeletal health. Deficiency has been implicated in conditions such as periodontitis, underscoring the interdependence between systemic and oral health (221). Cultural dietary practices further exacerbate these interconnections. The predominance of carbohydrate-rich diets in lower-income households, coupled with limited access to calcium and vitamin D sources, contributes to both oral health deterioration and systemic deficiencies. Furthermore, the coexistence of malnutrition and obesity in India-a phenomenon termed the “dual burden of malnutrition”-complicates efforts to address these health issues comprehensively (222).



2.3.6 The invisible deficiencies of fairness, fortification, and the forgotten: an intersectional lens on vitamin D deficiency in caste-stratified India

In India, vitamin D deficiency is shaped not only by biological and environmental factors but also by deep-rooted cultural practices, structural inequalities, and aesthetic ideals. Cultural behaviors around sun exposure are heavily influenced by traditional clothing norms, gendered expectations, and sociocultural beauty standards that favor lighter skin. These factors intersect to limit exposure to ultraviolet B (UVB) radiation, which is crucial for endogenous vitamin D synthesis, primarily among women and higher caste groups (223). The aesthetic valorization of fair skin in India is a legacy of colonialism, caste based stratification, and media reinforcement, resulting in the widespread use of skin-lightening products and sun-avoidant behavior (224). Fairness is frequently equated with virtue, beauty, and social capital, particularly among women, resulting in deliberate avoidance of sunlight through umbrellas, scarves, and long-sleeved clothing (225, 226). Moreover, this concept of aesthetics extends to oral health as well, influencing behaviors and outcomes, particularly among school-aged children. A cross-sectional, multilocal study in Guntur district reported a higher prevalence of dental caries in males compared to females, potentially due to greater aesthetic awareness among girls, prompting them to seek timely treatment such as tooth-colored restorations (227). Enhanced concern for appearance may also contribute to more diligent oral hygiene practices among females, including regular brushing and flossing. The same study found that children who brushed twice daily had a 43.1% caries-free rate, underscoring the importance of consistent oral hygiene routines. However, lower caries-free rates were attributed to inadequate brushing techniques and suboptimal hygiene habits. Complementing these findings, research in Kamrup district, Assam, revealed significantly poorer oral health among rural children and a decline in hygiene with age, with males again exhibiting worse outcomes than females (228). These aesthetic preferences are not merely individual choices but socially sanctioned practices shaped by caste, gender, and class hierarchies. Structural barriers exacerbate these behavioral norms. Despite high national prevalence of vitamin D deficiency, food fortification policies remain inconsistently implemented. The Food Safety and Standards Authority of India (FSSAI) launched the “+F” initiative to promote fortification, yet fortified foods are often inaccessible to low-income and marginalized communities due to cost, distribution, and dietary mismatch (229, 230). Moreover, lactose intolerance and vegetarian diets common among many Indian populations limit intake of natural dietary sources like dairy and fish (229).

Historically, Dalit and tribal groups engaged in agrarian and manual outdoor labor, which might have provided natural protection against deficiency. However, rapid urbanization and extensive migration have led to a shift toward indoor and informal labor markets, reducing sunlight exposure even among these groups. A national study by Harinarayan et al. reported that over 70% of Indian adults exhibited suboptimal serum 25(OH)D levels, with disproportionately higher deficiency among women, urban poor, and lower caste groups (223). Additionally, limited awareness and low health literacy regarding vitamin D's role in health significantly obstruct preventive efforts, particularly among socially marginalized groups. Public health campaigns often fail to effectively engage non-dominant language speakers, rural populations, and lower-caste communities due to linguistic, cultural, and infrastructural barriers (231). This communication gap is further exacerbated by historical patterns of systemic exclusion from healthcare services, unfortunately, which have left these groups under-informed and underserved. Preventive interventions such as vitamin D screening, supplementation, and counseling are predominantly concentrated in urban centers and among socioeconomically privileged populations. As a result, lower caste and rural individuals are less likely to receive timely diagnoses or benefit from state-supported nutritional programs. The convergence of structural neglect and social marginalization perpetuates a cycle of deficiency and reinforces broader health disparities across caste and class lines.

In totality, vitamin D deficiency in India reflects more than a public health concern which reveals a strong interconnection of caste-based discrimination, aesthetic hegemony, and structural neglect. Tackling this requires intersectional strategies that address not only biochemical needs but also the sociocultural ideologies underpinning sun exposure behaviors.




2.4 Ethnomedicinal approaches to oral health and vitamin D deficiency in India

Ethnomedicine, as a discourse, explores traditional medical systems within the cultural and ecological tapestry of India. Here, ethnomedicine encompasses Ayurveda, Siddha, Unani, Naturopathy and various indigenous practices rooted in regional knowledge systems. These traditions offer health solutions, which accord with the cultural construct particularly of the rural and underserved populations. The ethnomedical approach integrating natural remedies, dietary guidelines, and lifestyle modifications, induce a symbiotic relationship between individuals and their environment (232). The Indian discernment of ethnomedicine is highly intertangled with the biodiversity of the subcontinent. Medicinal plants such as Ashwagandha (Withania somnifera), Tulsi (Ocimum sanctum), and Amlaki (Emblica officinalis) are revered for their therapeutic properties (233). These medicinal plants are rich in bioactive compounds that promote immunity, metabolic health, and tissue regeneration, improving certain conditions such as vitamin D deficiency and oral diseases (234). In traditional sacred texts like Ayurveda, the notion of dinacharya (daily routine) and ritucharya (seasonal regimen) promotes sustainable health practices. These routines emphasize sun exposure, dietary balance, oral hygiene, and physical activities, factors intricately linked to vitamin D levels and oral health. For instance, practices such as oil pulling (kavala or gandusha) using sesame or coconut oil are recommended for maintaining oral hygiene and preventing systemic diseases (235). In the context of modern health challenges such as oral health disparities and vitamin D deficiency, the principles of traditional healing knowledge system, combined with contemporary medicine offer transformative potential for combating these pervasive issues in India.

Different traditional health care system and ethnomedicine offer pathways to mitigate vitamin D deficiency by emphasizing sunlight exposure, dietary interventions, and lifestyle modifications.


	•Herbal Supplementations: Sacred texts’ pharmacopeia includes herbs that improve gut health and metabolic functions, thereby optimizing nutrient absorption. For example, Guduchi (Tinospora cordifolia) and Shatavari (Asparagus racemosus) are known to enhance overall vitality and support musculoskeletal health, addressing complications associated with vitamin D deficiency (233, 236).

	•Dietary Propositions: It also advocate the consumption of seasonal and regionally available foods. Incorporating vitamin D-rich ingredients such as ghee, fortified milk, and fish into daily diets aligns with traditional dietary principles. Additionally, Amlaki, known for its high vitamin C content and provides antioxidant stimulant, enhances calcium absorption, indirectly supporting bone health (237).

	•Sunlight and Surya Namaskar: The ancient sacred texts extol the importance of sunlight as a vital source of Prana (life energy). Practices such as Surya Namaskara (sun salutation) not only enhance physical fitness but also facilitate natural sunlight exposure, aiding endogenous vitamin D synthesis (238). These practices align with culturally familiar routines, encouraging sustainable adoption.



Oral health has long been a focal point in Indian traditional healthcare knowledge and practices. The use of natural substances for dental care not only promotes hygiene but also aligns with sustainable and culturally relevant practices.


	•Dantadhavana: Traditional healing practices recommend brushing teeth with herbal twigs, such as those from neem (Azadirachta indica) or babool (Acacia nilotica). These twigs are chewed at one end to form a brush-like texture, releasing natural antimicrobial agents that inhibit biofilm buildup and gingival diseases (239).

	•The Multifaceted Aid: Neem, often referred to as the “village pharmacy,” possesses potent antibacterial, antifungal, and anti-inflammatory properties. Regular use of neem twigs for brushing not only ensures oral hygiene but also prevents systemic infections by reducing bacterial load (240). Neem-based toothpastes and powders have gained popularity for their efficacy in managing gingivitis and periodontitis.

	•Oil Pulling: Oil pulling (Kavala or Gandusha) involves swishing sesame or coconut oil in the mouth for several minutes to eliminate toxins and improve oral hygiene. Studies have shown that oil pulling reduces oral microbial count, thereby preventing caries and halitosis (235). This practice also aligns with contemporary comprehensions of the oral-systemic health connection.

	•Herbal Toothpaste: Ancient approaches such as herbal toothpaste and DantKanti, which include a combination of herbs like Neem (Azadirachta indica), clove (Syzygium aromaticum), liquorice (Glycyrrhiza glabra), cinnamon (Cinnamomum verum), turmeric (Curcuma longa) Anantmul (Hemidesmus indicus), Vajradanti (Barleria prionitis), and mint, are used for strengthening teeth and gums. These formulations provide anti-diabetic, antimicrobial and anti-inflammatory properties, supporting all-inclusive oral health and hygiene (241).



The traditional oral health care practices in India provide a compelling integrative framework for preventive oral health strategy. Vitamin D, particularly in its salivary form, is increasingly recognized as a non-invasive biomarker indicative of both systemic and oral immunity, maintain calcium homeostasis, facilitating antimicrobial defence, and modulating periodontal inflammation. The ethnomedicinal interventions, including medicinal plants such as neem (Azadirachta indica) or babool (Acacia nilotica), Tulsi (Ocimum sanctum), Amla (Emblica officinalis) have demonstrated significant antioxidant, antimicrobial and anti-inflammatory properties, which are well documented to reduce oral pathogens, suppress gingival inflammation and enhance oral health in general and create a more favorable oral microenvironment for optimal efficacy in local immunomodulatory function of vitamin D (239, 240). Various traditional interventions specifically oil pulling with coconut or sesame oil can mitigate local microbial invasion and growing biofilm. It can attenuate inflammatory burden by reducing oxidative stress and increase the bioavailability of vitamin D within periodontal tissues (235). Moreover, the consistent use of phytochemicals such as polyphenols, flavonoids, and eugenol present in neem and clove may regulate cytokine profiles, modulate microbial flora and sustain epithelial integrity, thus optimizing the tissue environment in which the activity of vitamin D dependent pathways involved in immunoregulation and bone homeostasis can operate to its full potential (240). Although there is paucity of current literature that can glean the conclusive and direct evidence of these traditional modalities elevating the level of salivary vitamin D, these are emerged as auxiliary avenue to facilitate the optimal function of vitamin D and support periodontal health through synergistic mechanisms.

While traditional healthcare systems such as Ayurveda, Unani, and ethnomedicine offer culturally resonant modalities of care, their efficacy in addressing the complicated associations between oral health and vitamin D remains circumscribed. These systems often emphasize humoral balance, dietary customs, and herbal therapeutics, yet lack standardized protocols or empirical grounding in micronutrient biology, specifically in relation to vitamin D synthesis and its oral-systemic implications. Moreover, their epistemological frameworks rarely incorporate contemporary comprehensions of periodontal pathology, bone metabolism, or immune modulation, thereby limiting their relevance for contemporary preventive care. Despite their socio-cultural accessibility and deep-rooted acceptance, traditional approaches of folk-medicine or ethnomedicine may inadvertently perpetuate fragmented care when not aligned with biomedical diagnostics or public health infrastructures. Future integration must prioritize interdisciplinary models that synergize traditional knowledge with biomedical science through community-based initiatives, clinical validation of traditional formulations, and incorporation of oral health and micronutrient awareness into AYUSH education. Implementation should be rooted in policy frameworks that enable pluralistic health delivery. This may include embedding AYUSH practitioners within primary healthcare teams, developing unified guidelines for micronutrient supplementation, and institutionalizing cross-referral systems to ensure continuity of health care. Such integrative approaches can enhance cultural competence, bridge care disparities, and promote holistic well-being.



2.5 Socio-cultural context and structural solutions: potential public health policy pathways in India

A socio-cultural perspective can shed light on the machinery of structural inequalities in effectuating health disparities. In India's socio-economic and socio-political landscape, intersectionality of caste, class, and gender emerges to be instrumental for disproportionate health outcomes and access to care. Vitamin D deficiency and oral health disparities, rooted in lifestyle factors and social determinants, underscore the need for comprehensive public health strategies. Policymakers can alleviate these expansive issues and ensure holistic well-being by focusing on the socio-cultural determinants of health practices and facilitating equitable access to healthcare. Public health interventions must resolve these perpetual barriers by incorporating approaches that align with the socio-cultural fabric of people.

Despite India's strides in improving its dentist-to-population ratio, which improved from a staggering 1: 300,000 in the 1960s to approximately 1: 10,000 by 2010 (242), the pursuit of equitable oral healthcare remains elusive. The rural-urban dichotomy remains stark, with rural regions suffering an appalling 1: 250,000 ratios, underscoring the systemic neglect of underprivileged populations (243). This inequity is further intensified by the clustering of dental professionals within urban private practices, which are financially out of reach for vast segments of the population. The structural inadequacies of public healthcare infrastructure, particularly the absence of dental posts in rural Primary Health Centres (PHCs), restrict not only curative but also preventive services. Empirical evidence from Tamil Nadu illustrates the extent of these challenges. In Chengalpattu, 91.5% of rural inhabitants identified access barriers rooted in cost, infrastructural insufficiency, and procedural anxiety (244). These findings reveal how poor health-seeking behavior, compounded by limited oral health literacy, perpetuates untreated morbidity. To rectify this, scalable, community-rooted strategies such as mobile dental units, school-based screenings, and routine dental camps are critical. Such models must align with the expressed priorities of rural communities and emphasize primary prevention (215).

Although the Indian Dental Association (IDA) proposed a National Oral Health Policy as early as 1986, which was subsequently endorsed in 1995, it has languished without substantial implementation (245). Consequently, India's oral health landscape remains fragmented, marked by infrastructural insufficiencies and inequitable distribution of care. The proliferation of dental colleges, while positioning India as a global leader in dental education, has not translated into rural service delivery improvements (246, 247). Recommendations by the Planning Commission to reform curricula and embed community integration in dental education have largely gone unheeded, leaving departments of community dentistry siloed within urban hospital settings (248–250). A deeper workforce crisis looms, driven by geographic maldistribution, surplus production of underemployed dental graduates, and a stark paucity of specialists and auxiliaries in rural and non-urban settings (251). These issues are exacerbated by India's minimal 2% health budget allocation, of which an even smaller portion addresses oral health (252). Moreover, the average percentage of total health expenditure in relation to GDP has remained relatively low, specifically at (3.64 ± 0.43) %, reflecting a systemic underinvestment in healthcare infrastructure and human resources (253). Key demographic shifts, especially ageing populations, warrant urgent investment and implementation in geriatric dentistry, which is currently a glaring blind spot in policy, education, and infrastructure (254).

Oral diseases, though largely preventable, contribute to significant economic loss, particularly among informal and daily wage laborers (255). Unregulated quackery and unsafe dental practices remain widespread due to lax enforcement and public desperation (256). Innovative outreach models like mobile clinics and portable dental units, though promising, suffer from policy neglect and lack of institutional backing (257). Public–private partnerships (PPP), while conceptually robust, remain poorly regulated and disproportionately benefit urban centres (258, 259). Moreover, voluntary accreditation fails to enforce minimum standards across dental education institutions (260). Policy reorientation must draw from global exemplars such as Brazil's Unified Health System or Germany's Social Health Insurance, where oral health care is integral to the primary health care and overall health insurance frameworks (261). Embedding dental personnel in every PHC and CHC, developing national oral health surveillance systems, and promoting water fluoridation and culturally contextualized education are imperative (262–264).

Simultaneously, vitamin D deficiency, which remains massively prevalent across diverse population groups in India, presents a significant public health challenge due to its established associations with both oral and systemic health outcomes. Hypovitaminosis D has been linked to periodontal disease progression, impaired bone mineralization, delayed tooth eruption, and compromised immune function, underscoring its importance within the oral health framework. Addressing this widespread deficiency requires the implementation of a comprehensive Vitamin D Supplementation Program of India (VDSPI). This initiative should adopt a multi-faceted approach encompassing widespread public education, culturally sensitive campaigns promoting safe sun exposure, and targeted, evidence-based supplementation strategies (265). Incorporating vitamin D screening into routine primary healthcare services, particularly for high-risk groups such as children, pregnant women, and the elderly, would further strengthen early detection and preventive care. Pilot programs in metropolitan cities, supported through collaborative efforts involving government agencies, civil society, and healthcare providers, can offer scalable models for national adoption. Integrating these programs within broader preventive and community health frameworks will help reduce the burden of deficiency-related diseases and enhance equity and resilience in oral healthcare delivery.

Furthermore, health programs must integrate traditional healthcare system and medicine with contemporary medicine to provide an inclusive, equitable and holistic preventive and curative services, ensuring affordability and accessibility for marginalized groups. Community-based interventions capitalizing on traditional knowledge can yield trust and promote sustained behavioral change. Priority should be given to public awareness campaigns for vitamin D deficiency, emphasizing the importance of sunlight exposure and dietary diversification. Fortification of staple foods, such as milk and edible oils, offers a scalable solution to tackle deficiencies across diverse populations (100). Here, traditional healthcare system and ethnomedicine can suffice to minimize health inequalities by leveraging local resources and culturally compatible practices, since these systems have got enormous sociocultural relevance for their accessibility and acceptance among Indian populations. For instance, incorporating traditional diets and oral hygiene practices within community health programs can conciliate between awareness and access. Public health initiative, integrating ethnomedicine with modern healthcare systems, can enhance health outcomes. Policies promoting cultivation and use of medicinal plants along with public education and awareness initiatives, can grapple with vitamin D deficiency and oral health disparities in a sustainable manner. Symbiosis of traditional healers and biomedical practitioners can create inclusive and culturally competent holistic care model (266), which also provide insightful discernment for oral health inequalities as well as vitamin D deficiency in India. These systems produce sustainable solutions to contemporary health challenges, by focusing on the inclusive, equitable practices appertain to cultural framework of populations. The amalgamation of traditional dietary practices, herbal remedies, and oral hygiene techniques with modern healthcare can provide systemic liaison, promote equity in health outcomes and reaffirm the ingrained association between culture and well-being.

Ultimately, the realization of India's broader health and developmental aspirations hinges on the adoption of holistic, comprehensive, prevention-focused, and equity-driven health strategies (Figure 4). These must be supported by sustained financial investment, rigorous regulatory frameworks, and cohesive multi-sectoral collaboration to ensure long-term impact and systemic transformation.


[image: Venn diagram graphic outlining five oral health strategies in India: Financial and Regulatory Support, Socio-Cultural Determinants, Structural Inequities, Public Health Interventions, and Traditional and Modern Integration, each with brief explanatory text.]
FIGURE 4
Potential policy interventions to provide comprehensive oral health strategies in India.





3 Conclusion

Oral health and vitamin D deficiency, though often sidelined in public health discourse, are deeply interconnected challenges that demand urgent, culturally grounded solutions in India. These issues are not merely biomedical but are intricately shaped by broader socio-cultural determinants, including lifestyle practices, health behaviors, and structural inequalities. The concept of habitus, shaped by social norms, cultural beliefs, and environmental exposure, offers a valuable framework to understand and influence these determinants, particularly in the Indian context where traditional knowledge systems continue to shape health perceptions and practices. Despite India's geographic advantage for sunlight exposure, the rising prevalence of vitamin D deficiency reflects modern behavioral shifts such as reduced outdoor activity, changing dietary patterns, and urbanized living, which must be addressed through preventive strategies. Concurrently, the burden of oral diseases, especially in under-resourced regions, is intensified by inadequate infrastructure, lack of workforce distribution, and minimal integration of oral health into primary healthcare services. To bridge these gaps, public health interventions should leverage culturally familiar and community-based approaches. Integrating traditional dietary practices, natural oral hygiene methods, and moderate sun exposure, validated through contemporary research, into national health strategies can enhance both acceptance and effectiveness. For instance, the development of a nationwide Vitamin D Supplementation Program of India (VDSPI), coupled with school- and community-based oral health education, could address dual deficiencies efficiently. Policy frameworks must move beyond abstract rhetoric and adopt concrete steps such as embedding dental professionals in every PHC and CHC, mandating routine vitamin D screening for high-risk groups, fortifying staple foods with essential nutrients, and promoting health literacy through vernacular outreach. Importantly, traditional health systems such as Ayurveda and local ethnomedicine should be systematically evaluated and incorporated where evidence aligns, enabling inclusive and context-sensitive care. Collaboration between biomedical practitioners and traditional healers, supported by public and private partnerships, can foster culturally competent models of care delivery. Programs piloted in urban areas should be scaled to rural settings with the help of mobile clinics and digital health platforms to ensure that no population is left behind.

Ultimately, achieving equitable oral and systemic health in India requires a paradigm shift that transcends disciplinary silos and embraces the synergy of modern science, traditional wisdom, and socio-cultural realities. Through sustained funding, rigorous regulation, and inclusive policy design, India can not only address current health disparities but also establish a resilient and future-ready healthcare system that honors its pluralistic heritage while meeting contemporary needs.
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Introduction: This study analyzed the magnitude of education- and income-based inequalities in functional dentition (FD) among Brazilian adults between 2013 and 2019, considering dental service utilization.



Methods: This study based on repeated cross-sectional surveys using secondary data from a probabilistic sample of adults (18–59 years old) who participated in the 2013 and 2019 National Health Survey (NHS). Only individuals who reported having used dental services were included. FD was defined as having ≥21 teeth, based on self-reported tooth loss in the maxillary and mandibular arches. Variables included sex, age, education (years of study), and per capita family income (measured in minimum wages). Dental service utilization was assessed using the question “When was the last time you visited a dentist?” with responses dichotomized into “>1 year” and “≤1 year”. Absolute and relative inequalities in FD were assessed using the slope index of inequality (SII) and the relative index of inequality (RII), respectively, based on education and income. Generalized linear models (log-binomial regression) were applied with a logarithmic link function to estimate RII (rate ratios) and an identity link function to estimate SII (rate differences), adjusting for sex and age. Trends between 2013 and 2019 and differences in SII and RII by dental service utilization were assessed through two-way interaction terms in the models. All analyses accounted for the survey's complex sampling design and sample weights.



Results: The prevalence of FD was 85.95% (2013) and 89.45% (2019) (p < 0.001). SII and RII indicated greater FD prevalence among higher socioeconomic groups, with the magnitude of education-based inequality higher than income-based inequality. Education-based inequalities decreased from 2013–2019. Educational inequalities were more pronounced among those who used dental services >1 year (p < 0.001), whereas income-based inequalities did not differ by dental service utilization (p > 0.05).



Conclusions: Despite the reduction in FD education-based inequality in Brazil, persistent disparities were observed between socioeconomic groups, with the lowest inequalities found among adults who used dental services ≤1 year. This indicates the importance of interventions aimed at reducing barriers and promoting access to services for the most vulnerable populations.
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1 Introduction

Functional dentition (FD) has been defined by the World Health Organization (WHO) as a key outcome for global oral health monitoring. Among its 2020 targets, the WHO aimed to increase the number of adults and older individuals with at least 21 natural teeth, without the need for dental prostheses (1). FD refers to a dentition configuration that enables the maintenance of the minimum functions such as chewing, esthetics, and phonetics (2). Ensuring the maintenance of FD should be a priority in equitable public policies, particularly in settings where tooth loss is prevalent, and rehabilitation prosthetics are inaccessible to many, especially for socially disadvantaged individuals. In Brazil, studies have reported a high prevalence of lack of functional dentition among adults (almost 25%) and edentulism in older individuals (53.7%) (3), along with a significant demand for prosthetic rehabilitation (4). Other studies have found a different scenario: the mean number of remaining teeth was 22.3 in adults aged 18 or older in Chile (5), and the prevalence of edentulism was 15.7% among adults aged 20 or older in Colombia (6).

Social determinants of health are associated with FD. Higher FD prevalence has been observed among individuals with greater educational attainment and income, while tooth loss is more common among disadvantaged populations (3, 7–10). Structural social determinants—such as socioeconomic and political contexts, alongside indicators of social position such as income and education—shape social hierarchies and influence access to resources, goods, services, and exposure to health risks (11, 12). Income has both material and psychosocial effects. Materially, it enables access to essential resources, such as healthier food, better housing conditions, materials, and goods for health care. The psychosocial effect of income must be related to symbolic resources, including social prestige. Similarly, education plays a dual role, equipping individuals with knowledge and skills for disease prevention while also enhancing their social standing and employment opportunities (13).

Social and economic indicators have also been recognized as determinants of dental service utilization (14). A literature review revealed a direct association between higher education, increased income, and greater dental service utilization. In higher-income groups with better socioeconomic status, both dental service utilization rates and annual dental visits were higher than in lower-income groups (15). The National Oral Health Policy (Política Nacional de Saúde Bucal—PNSB), implemented in 2004 in Brazil, aims to expand access to oral health services for the Brazilian population, proposing a reshaping of the care model “articulating the individual with the collective, promotion and prevention with treatment and recovery of the population's health”. Based on the PNSB, access to conservative treatment for adults and older adults was expanded, overcoming the model restricted to mutilating treatment in emergency consultations. Based on the principles of universality and equity, the PNSB aims to reduce inequalities in oral health (16). After the implementation of the PNSB, there was an expansion in the coverage of public oral health services in the country. Despite this, universal coverage is still facing challenges. Data from 2019 indicated dental health team coverage of approximately 43% and first dental consultation coverage was only 4.2% with a decreasing trend (17). This expansion has particularly benefited less socially favored groups. A higher proportion of low-income, low-education adults rely exclusively on the Unified Health System (SUS) for oral health care, as observed in the FIOCRUZ oral health indicators panel (18). This situation raises the hypothesis that the utilization of health services may contribute to reducing health inequities by providing disadvantaged groups with better access to preventive and curative care. In this study, regular dental service use was employed as a proxy for access to both preventive and conservative dental care, which may contribute to the maintenance of a higher number of natural permanent teeth. Regular dental visits can thus represent opportunities for preventive care, particularly if the care model prioritizes the preservation of natural teeth (8, 19, 20). Consistent with this hypothesis, previous studies in Brazil have shown that regular dental service utilization can help reduce disparities in edentulism between groups with higher and lower levels of education (8).

Continuous monitoring of oral health inequalities using specific measures to assess their magnitude is essential for evaluating the effectiveness of health policies in Brazil. This study adds to the existing literature by examining the magnitude of socioeconomic inequalities in FD among Brazilian adults changed between 2013 and 2019, considering the dental service utilization The use of both absolute (SII) and relative (RII) measures of inequality strengthens the methodological rigor and enables temporal comparisons. Studies in Brazil (21, 22) and other countries across South (5, 6) and North America (23, 24), Europe (25, 26), Asia (27, 28) and Australia (29) have demonstrated socioeconomic inequalities in oral health outcomes and considering dental service utilization. However, few studies compared inequalities in oral health outcomes based on dental service utilization or evaluated the effect of dental service utilization on the magnitude of inequalities (8, 25, 26). In Brazil, inequalities in functional dentition were evaluated only among elders, comparing data from 2003–2010 without considering dental service utilization (30).

Monitoring efforts are crucial, especially since universality has been identified as a key strategy for reducing persistent oral health inequities globally, as highlighted in the Bangkok Declaration (31). Analyzing the magnitude of FD inequalities across different social groups, while considering dental service utilization, allows for an assessment of the long-term impact of public policies. A reduction in FD inequalities is expected, as increased access to public services has likely provided less socially advantaged groups with greater opportunities for the promotion, prevention, and maintenance of oral health. Therefore, this study aimed to calculate changes in the FD prevalence and compare the magnitude of education- and income-based inequality in FD between 2013 and 2019, as well as to examine differences in this magnitude according to dental service utilization among Brazilian adults.



2 Materials and methods

This cross-sectional study analyzed public secondary data from the National Health Survey (NHS) conducted in Brazil in 2013 and 2019. The databases and variable dictionaries were obtained from the Instituto Brasileiro de Geografia e Estatística (IBGE) website in June 2022, with databases updates and applied in August 2020 (NHS 2013) and May 2022 (NHS 2019). These updates included adjustments to sample weights based on population projections by state, sex, and age for the period of 2010–2060 (32). The NHS 2013 (CAAE: 10853812.7.0000.0008) and 2019 (CAAE: 11713319.7.0000.0008) projects were approved by the National Research Ethics Committee, and the participants provided informed consent.


2.1 Sample selection and data collection

The study sample comprised residents of permanent private households in both urban and rural areas across Brazil's five macro-regions, states, capitals, and metropolitan regions. Eligibility criteria included individuals aged 18 years or older (2013) or 15 years or older (2019). Sample size calculations considered estimated proportions and their 95% confidence intervals (95% CI), design effect, number of residents per primary sampling unit, and the proportion of households with eligible participants. A three-stage random selection process was employed: census tracts, households, and individuals. In each census tract, 10–14 households were randomly selected based on tract size to meet the required sample size. Within each household, one individual was randomly chosen with equal probability among eligible participants. Data were collected through structured interviews conducted by trained researchers. The questionnaire included items on household characteristics and demographic and socioeconomic attributes of both residents and the selected respondents. Further methodological details are available in a prior publication (33). In this study, data from participants aged 18–59 years were analyzed. Individuals aged 60 years or older were excluded, as FD is associated with tooth loss—a condition linked to aging and more prevalent among older adults.



2.2 Variables

The oral health outcome, FD, was defined based on the number of present teeth and assessed through self-reported tooth loss in the maxillary and mandibular arches, which represents a validated method for assessing tooth loss in adult populations (34) that has been used in other studies (25, 26). The total number of natural teeth was calculated by subtracting the number of missing teeth from 32, which represents a complete permanent dentition without tooth loss. FD was then classified as follows: without FD (0–20 natural teeth) and with FD (≥21 natural teeth).

Socioeconomic variables included education and per capita income. Education was measured in years of study based on the highest level of schooling completed, following a classification used in previous studies: 0–4; 5–8; 9–11; and ≥12 years of study (3, 7, 8). Per capita income was calculated as the total household income divided by the number of residents and converted into minimum wages (MW) (2013: BRL 678.00—USD 332.00 and 2019: BRL 998.00—USD 261.00), a calculation method established in the literature (19). It was then categorized into four groups, as was done previously (35): 0–1 MW; 1.1–2 MW; 2.1–3 MW, and ≥3.1 MW.

The covariates included dental services utilization, sex (male, female), and age. Dental services utilization was assessed through the question “When was the last time you visited a dentist?”, with the following response options: never visited a dentist; visited a dentist in the last year; between 1 and less than 2 years; between 2 and less than 3 years; and 3 or more years ago. In this study, this variable was categorized as: used dental services within the last year and used dental services more than a year ago. Responses from individuals who had never used dental services were excluded to enable comparisons between different frequencies of service utilization (more vs. less regular). Additionally, FD is influenced by prior tooth loss, which typically occurs within the context of dental care. Age was recorded in complete years and categorized into the following groups as previous studies (35, 36): 18–24 years, 25–39 years, and 40–59 years (13). The WHO social determinants of health model, recognized as appropriate for studies on oral health inequalities (12), provided the conceptual framework for selecting the outcome, socioeconomic variables, and covariates.



2.3 Data analysis

Data were subjected to descriptive analysis to characterize the sample and obtain the prevalence of FD. A logistic regression model was used to assess associations between FD and education, income, and dental service utilization for 2013 and 2019, as well as interactions between socioeconomic indicators and dental service utilization. Marginal estimates were computed to obtain the predicted probability of FD according to levels of education, income, and dental service utilization, adjusted for sex and age, with results represented graphically. The observed change in the FD prevalence between surveys was calculated (Δ2013_2019). The significance of this change was tested by hypothesis testing using the Student-t distribution, dividing Δ by the standard error of the change and estimating the confidence interval of the change at a 95% significance level, rejecting the null hypothesis when the confidence interval did not include zero (37).

The magnitude of absolute and relative education and income-based inequalities of FD was assessed using the Slope Index of Inequality (SII) and Relative Index of Inequality (RII), both adjusted for sex and age (38). These regression-based indices account for the full socioeconomic distribution rather than comparing only the most extreme groups. The indices are obtained by including a ridit-score in the regression model, calculated from the ranking of social groups defined by education and income, from lowest to highest. The ridit-score is based on the midpoint of the cumulative distribution interval of participants in a given category (38). The RII and SII were estimated using generalized linear regression models—log-binomial regression with a logarithmic link function for RII and an identity function for SII (39). When the model did not converge using a binomial distribution, the Poisson family was used instead. Both indices were estimated with 95% confidence intervals (CI). The RII can be interpreted as the prevalence ratio (PR), while the SII represents the absolute difference in prevalence between the highest and lowest positions in the distribution of education and income indicators. The RII assumes values greater than one when FD is more prevalent among advantaged individuals and values less than one when FD is more frequent among disadvantaged groups. If no inequality exists, RII equals one, with greater deviations indicating stronger inequality. Similarly, higher absolute SII values indicate greater inequality, with positive values signifying higher FD prevalence in advantaged groups and negative values indicating greater FD prevalence among disadvantaged individuals. If no disparity is present, SII equals zero.

Trends in adjusted RII and SII over time were examined by including a two-way interaction term between ridit-scores and survey year (NHS 2013 and 2019). A statistically significant interaction coefficient indicated changes in adjusted RII and SII over time. Additionally, the SII and RII were estimated separately for each subpopulation based on dental service utilization: among adults who had used dental services either within the last year or more than a year ago. To estimate differences in RII and SII according to dental service utilization within each survey, a two-way interaction term between the ridit-score and dental service utilization (ridit_use = ridit × dental service utilization) was included in the model. For these models, in each subpopulation, the trend in RII and SII over time was also assessed. The lincom command in Stata® was performed for the total sample and considering subpopulations defined by education, income, and dental service utilization. All analyses were performed using the Stata® program, version 18.0 (StataCorp LP, College Station, TX, USA), accounting for the complex sampling design and sampling weights.




3 Results

Of the 60,308 participants in 2013 and 90,846 in 2019, a total of 47,491 (78.75%) and 64,318 (70.80%), respectively, met the inclusion criteria of being 18–59 years old, having a response for the self-reported tooth loss in the maxillary and mandibular arches and having used dental services. In the two surveys, the majority of the total sample was female and aged 40–59. In both 2013 and 2019, adults with fewer years of study (0–4) and lower income (0–1 MW) had the lowest prevalence of FD, while individuals who used dental services within the last year had a higher prevalence of FD (Table 1). The overall prevalence of FD increased from 85.95% in 2013 (n = 8,534; 95% CI: 85.34–86.54) to 89.45% in 2019 (n = 8,902; 95% CI: 89.02–89.87) (Δ2013_2019: 3.50 95% CI: 2.74; 4.26; p < 0.001). In both years, FD was more prevalent among individuals with the highest education level (≥12 years of study) and the highest income (≥3.1 MW). The largest change in FD prevalence (Δ2013–2019) was observed among adults with fewer years of study (0–4); however, significant changes were also observed in the two higher education levels (9–11 and ≥12 years of study) (Figure 1). The differences in the prevalence of FD across income levels were significant, and the Δ2013–2019 value was similar for all income levels.


TABLE 1 Sample structure and prevalence of functional dentition (FD) by demographic and socioeconomic characteristics and dental service utilization in Brazil (NHS 2013 and 2019).

[image: Table comparing demographic, socioeconomic, and dental service utilization characteristics for Mexican populations in 2013 and 2019, segmented by total sample and those with FD, presenting sample size, weighted percentages, and confidence intervals.]
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FIGURE 1
Prevalence of functional dentition by education and income levels among Brazilian adults in 2013 and 2019, with p-values for differences between surveys (NHS 2013 and NHS 2019).


Higher education, higher income, and dental service utilization within the last year were associated with an increased likelihood of FD in both 2013 and 2019 (Table 2). In 2013, individuals who used dental services within the last year exhibited a higher probability of FD, irrespective of their income or education level (Table 2, Figure 2). In 2019, a similar result was observed regarding education, with a higher probability of FD among individuals who had used dental services within the last year, independent of their education level. Adults with a higher education level had a higher probability of FD in both years, regardless of the time since their dental service utilization (Figure 2). A significant interaction between income and dental service utilization was observed in 2019 (Table 2). In both years, a higher probability of FD was found among adults who used dental services within the last year, compared to those who had used dental services more than a year ago within the same education and income range. These differences were only significant for income levels between 0 and 3 MW (0–1 MW + 1.1–2 MW + 2.1–3 MW) in 2019 (Figure 2). Still in 2019, among adults who used dental services within the last year, those with the lowest income (0–1 MW) had a lower probability of FD than those with higher income levels (1.1–2, 2.1–3, and ≥3.1 MW), despite using dental services with the same frequency. For adults in 2019 who had used dental services more than a year ago, the probability of FD was similar across all three income categories up to 3 MW. In this same year, adults with an income greater than 3.1 MW showed a similar probability of FD, regardless of the frequency of dental service utilization (Figure 2).


TABLE 2 Logistic regression model for the association among functional dentition and sex, age group, education, income, and dental service utilization in Brazil (NHS 2013 and 2019).
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FIGURE 2
Marginal estimates of predicted probability (Pr) of functional dentition according to levels of education, income, and dental service utilization, adjusted for sex and age.


The comparison of FD prevalence between 2013 and 2019 for each education and income level according to dental service utilization was shown in Figures 3, 4. The lowest prevalence of FD was observed for those with 0–4 years of study and who used dental services more than one year ago. The highest increase in the FD prevalence between 2013 and 2019 was observed in this group (p < 0.05). Significant changes in the FD prevalence between the two surveys were also observed in the two higher education levels, regardless of the time since dental service utilization (Figure 3). Despite the lower FD prevalence among adults who last used dental services more than one year ago, all income levels experienced a significant increase in prevalence between 2013 and 2019 (Figure 4).
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FIGURE 3
Prevalence of functional dentition by education among Brazilian adults in 2013 and 2019 according to dental service utilization (time since the last dental visit), with p-values for differences between survey years.



[image: Bar graph with two panels compares prevalence of functional dentition by income groups (in minimum wages) and dental service utilization interval (less than or equal to one year on left, greater than one year on right) for 2013 and 2019. Prevalence improves as income rises and is higher in 2019 for most groups, especially among those with less frequent dental service utilization. Statistical significance is indicated for most group comparisons between years.]
FIGURE 4
Prevalence of functional dentition by income among Brazilian adults in 2013 and 2019 according to dental service utilization (time since the last dental visit), with p-values for differences between survey years.


For the total sample in the two surveys, the SII values were positive, and the RII values exceeded one, indicating a higher prevalence of FD among the most advantaged groups in terms of both education and income. Education inequality exhibited a greater magnitude than income-based inequality, as evidenced by higher SII and RII values for education compared to income. Both SII and RII for education declined from 2013–2019. The statistically significant interaction term (ridit-score × survey year), with a negative value (SII) and below one (RII), confirmed this downward trend. In contrast, no significant decrease was observed in absolute (SII) or relative (RII) income-based inequality between 2013 and 2019 (Table 3).


TABLE 3 Slope index of inequality (SII) and relative index of inequality (RII) with 95% confidence intervals (CI) for education- and income-based inequalities in functional dentition among Brazilian adults in 2013 and 2019 for total sample and subpopulations stratified by dental service utilization, with p-values for trends in inequality magnitude over time and differences in RII and SII by dental service utilization.

[image: Table compares education-based and income-based inequality in dental service utilization for 2013 and 2019, showing SII and RII values, confidence intervals, interaction terms, and p-values, with bold indicating statistical significance. Analyses are adjusted for sex and age groups.]

Among adults who used dental services within the last year or more than a year ago, the SII was positive and the RII was greater than one in both 2013 and 2019, indicating persistent absolute and relative inequalities in FD based on education and income, favoring individuals with higher socioeconomic status (Table 3). Regarding education-based inequality among adults who had used dental services more than a year ago, the SII was nearly twice the value observed among those who used dental services within the last year, in both 2013 and 2019. The significant interaction term between education and dental service utilization (p < 0.001 in both years) indicates that absolute (SII) and relative (RII) inequalities were significantly higher among individuals who used dental services more than a year ago. Regarding income-based inequality, there were no significant differences in SII and RII between those who used dental services in the last year and those who did not, as evidenced by the non-significant interaction term between ridit-score and dental service utilization (p > 0.05) (subpopulation analysis Table 3).



4 Discussion

The findings of this study indicate an increase in the prevalence of FD among Brazilian adults from 2013–2019, while also highlighting persistent social inequalities, particularly concerning education levels. Individuals with higher education and income consistently demonstrated a higher prevalence of FD. The study also demonstrated a higher magnitude of education-based inequality compared to the magnitude of income-based inequality and a decrease in educational inequalities was observed between 2013 and 2019. A greater magnitude of educational inequality was observed among those who used dental services more than one year ago.

In contrast, those who had used dental services within the past year showed a higher prevalence of FD. This result may reflect increased access to preventive and conservative treatments over the lifetime. Previous study has shown that among individuals who have visited a dentist, edentulous people were more likely to have had their last visit over 12 months ago (40). This might be due to longer intervals between appointments leading to the need for more invasive treatments like extractions. In contrast, regular use of dental services could be associated with more conservative treatments that focus on prevention and health promotion, which can help reduce the need for invasive interventions (8). This finding may also indicate a shift in oral health care models, with greater emphasis on prevention and promotion, potentially helping to preserve natural teeth in adulthood among Brazilians.

Considering the total sample, the lowest prevalence of FD (i.e., the poorest oral health status), was observed among those with the lowest education levels in both years. In both surveys, approximately 70% of individuals with low education levels also reported low income. Among participants with the lowest income, 16.18% in 2013 and 10.87% in 2019 had the lowest levels of education (data not shown). These findings suggest that adults with lower education levels often face compounded challenges related to low income, which may exacerbate their social disadvantage (7–10, 12, 13, 30). Education influences not only health-related knowledge, skills, and behaviors but also access to resources and services (11, 13). As a result, it can mitigate some of the negative effects of low income on health. Individuals with higher levels of education are generally more likely to adopt healthy behaviors, understand healthcare advice, and make informed decisions about their well-being (13). Furthermore, education is associated with greater ability to navigate the healthcare system, better access to preventive and therapeutic information, and increased awareness of health risk factors. Education may also reflect the long-term effects of childhood circumstances on health (13, 30), making it a more appropriate indicator for cumulative life-course measures of disease and treatment—such as the number of teeth, which relates directly to FD. The results underscore the significant role of education in shaping oral health outcomes, even in low-income contexts, and this could be a new contribution to the understanding of oral health inequalities.

Between 2013 and 2019, both absolute and relative reductions in educational-based inequalities regarding FD were observed. This improvement appears to be driven by a significant increase in the prevalence of FD among individuals with the lowest education levels (0–4 years of study) in 2019, compared to 2013, which helped reduce the gap between educational levels. These findings suggest that public policies and collective preventive measures implemented over previous decades (17, 20)—such as water fluoridation and the widespread use of fluoride toothpaste—may have begun to show more pronounced effects among recent adult cohorts, including those from socially disadvantaged backgrounds. The 2019 sample included a higher proportion of individuals born after the 1980s and 1990s, a period characterized by the expansion of these preventive strategies. In contrast, the 2013 sample comprised more individuals born between 1954 and 1995, who had more limited exposure to such measures during childhood. This generational shift may help explain the improved maintenance of natural teeth and the higher prevalence of FD observed in 2019. A similar trend of reduced tooth loss among adults had already been observed in Brazil in 2010 compared to 2003 (3), and was also attributed to improvements in the healthcare system, including increased exposure to water fluoridation and the mass use of fluoride toothpaste. These two interventions reached broad population coverage during the 1980s and 1990s (17) and are considered key factors in the decline in both the prevalence and severity of dental caries—the leading cause of tooth loss in Brazil (3). Additionally, the expansion of public health services and the shift in dental care models—from a predominantly extraction-based approach to more conservative and preventive practices—may have played a role in reducing tooth loss among the adult population. The reorientation of dental practice in Brazil, with an emphasis on promotional, preventive, and conservative actions through the National Oral Health Policy (implemented in 2004) (16), may have contributed to a reduction in extractions and the preservation of teeth affected by caries, especially in the most disadvantaged groups, who are the most frequent users of public oral health services. Studies examining procedures offered by SUS have consistently observed a reduction in extraction rates compared to other procedures performed in primary care between 1998 and 2012 (41), and again from 2008–2018 (42). All of these could explain the increase in FD prevalence from 2013–2019, aligning with global improvements and the WHO targets for oral health in adult and elderly populations (1). However, persistent inequalities were observed, with greater absolute and relative magnitudes when measured according to adults' education levels. This finding is consistent with the stronger association between education and FD observed in the logistic regression model, compared to the association between FD and income.

Consistently across both surveys, the logistic regression model showed a significant association between FD and income only among individuals with the highest income. In 2019, dental service utilization modified the association between income and FD. Among those who had visited a dentist within the last year, individuals with the lowest income (0–1 MW) had the lowest FD prevalence, suggesting that, despite similar patterns of service use, they may face additional barriers to maintaining oral health. Furthermore, the similar FD prevalence observed among adults with income up to 3 MW who had used dental services less frequently (>1 year since the last visit) suggests that other social determinants, such as education, health literacy, and early-life conditions, play a significant role in shaping long-term oral health outcomes. In contrast, individuals with higher incomes (≥3.1 MW) demonstrated similar FD prevalence regardless of their dental service utilization frequency, indicating that the influence of income on health extends beyond healthcare utilization. Material factors, such as housing conditions, access to healthy foods, and availability of essential resources (e.g., hygiene products and a nutritious diet), may also contribute to better oral health outcomes among higher-income groups (12, 13). These determinants are linked to the prevalence and severity of dental caries and periodontal disease—the primary conditions leading to tooth loss—which may explain the higher prevalence of FD in individuals with greater financial resources (3, 7).

When examining inequalities separately among individuals who used dental services within the last year or more than one year ago, significant differences in education-based inequalities indexes were observed, with these inequalities being greater among those who had used dental services a longer time ago. Regular use of dental services may represent an opportunity for access to preventive treatments (8). It is believed that the expansion of access to public services in Brazil may help explain this trend, benefiting those in more disadvantaged social conditions (17). The results of the NHS research indicated that public services were most frequently used by adults with lower education and income who were regular users of dental services (18). In 2013, 48.57% of adults with low education used public dental services in the last year, compared to 9.23% of those with more than 12 years of education. In 2019, these percentages were 52.03% and 9.98%, respectively (data not shown). In 2019, 42.00% of adults with only primary education used public dental services (SUS), compared to 6.2% among those with higher education (data not shown). Additionally, more than half (51.5%) of adults with an income of up to one minimum wage used public dental services, in contrast to only 3.4% among those earning more than three minimum wages (18). Consistent with this finding, a reduction in inequalities in the use of dental services among Brazilians with higher and lower incomes was observed between 1998 and 2008 (43) and related to economic position (22). In this sense, this result may indicate a positive effect of the PNSB in reducing oral health inequalities. Expanding access to oral health services to the Brazilian population, while adhering to the principle of universality and equity, should continue to guide the actions of the PNSB. This evidence is also supported by studies showing that dental service utilization partially explains the inequalities in edentulism (8), number of natural teeth (26) and functional dentition (25).

On the other hand, a previous study conducted among adults in England, Wales, and Northern Ireland found that lower socioeconomic position (a latent variable derived from income, occupational social class, and household income) was directly associated with a lower number of natural teeth. The effect of socioeconomic position on the number of teeth was primarily direct (84%), indicating that it did not operate mainly through behavioral factors (such as smoking and oral hygiene) or dental service utilization. The indirect pathways—through behaviors and dental attendance—played only a modest role in explaining inequalities in tooth retention. According the authors, the strong direct effect of socioeconomic position may reflect the cumulative impact of social disadvantage throughout the life course, which aligns with the nature of tooth loss as a cumulative measure of oral health (44). This evidence is also supported by the findings of the present study, which revealed persistent inequalities even among users of dental services. When analyzing changes in inequality measures over time, stratified by dental service utilization, it was observed that improvements occurred primarily among those who had not used dental services in the last year. Despite this reduction, in 2019, this group still exhibited greater inequality compared to individuals who had used services within the last year. The most substantial increase in the prevalence of FD between 2013 and 2019 was observed among adults with 0–4 years of study. Similarly, other studies reported a significant increase in the prevalence of FD among people with lower education levels between national surveys (5, 30).

Thus, ensuring collective health initiatives that promote intersectoral integration—enabling access to education, goods, and resources necessary for a healthier life—is a crucial strategy for reducing inequities (11, 13). These findings reinforce the idea that, beyond dental service utilization, other social determinants and the positive effects of broad, preventive public health measures may be contributing to improvements in oral health among Brazilians. The findings underscore the need to prioritize health promotion and preventive actions aimed at maintaining natural teeth through oral health policies. The importance of interventions aimed at reducing barriers and promoting access to services for the most vulnerable populations is highlighted. These policies should address not only disparities in the use of services but also the underlying material and social conditions that perpetuate inequities in oral health. These approaches can contribute to social justice and equity (11, 12), in line with the principles of SUS, in the field of health care (16, 20, 22).

The findings should be interpreted with consideration that they were obtained from a subsample of adults (33) who reported having used oral health services, given the outcome analyzed. Those who had never used services were excluded, and this group may represent a more socially disadvantaged situation, which could affect the generalizability of the results. Additionally, participants aged 60 or older were excluded from the sample, as FD is an age-related outcome due to its direct association with tooth loss. This choice may have compromised the precision of the point estimates compared to those obtained from the full sample. The outcome was defined based on self-reports of lost teeth, consistent with previous studies (25, 26). The validity of this method has been previously confirmed concerning information from epidemiological examinations (34). However, this reliance on self-reports may introduce measurement bias. Additionally, there is a potential for recall bias regarding the reported use of dental services, which could influence the observed associations. Finally, it is important to clarify that the data are not longitudinal, since participants from 2013–2019 are not the same and the observed changes do not reflect modifications within the same people over time.



5 Conclusion

The prevalence of functional dentition increased from 2013–2019, being higher among adults with higher education, income, and those who used dental services within the last year. The significant increase in the prevalence of FD among individuals with the lowest education level between 2013 and 2019 may have helped reduce the gap between educational levels. Educational inequalities were more pronounced than income-based inequalities, with significant disparities, particularly among those who used dental services more than one year ago.
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Background: While the detrimental effects of smoking on periodontal health are well-established, the impact of smokeless tobacco (SLT) remains understudied, particularly in rural populations where SLT use is prevalent. The objective of the study is to (1) determine the prevalence of SLT consumption, and (2) evaluate its impact on periodontal health indicators among the adults in Rajnandgaon, Chhattisgarh, India.



Methods: In this cross-sectional study, 1,404 adults from Chhattisgarh, India, were screened, of whom 806 identified as SLT users were further assessed. Demographic data, oral hygiene practices, and SLT consumption patterns were recorded via structured questionnaires. Clinical periodontal parameters, including plaque index (PI), gingival index (GI), clinical attachment loss (CAL), probing pocket depth (PPD), and gingival recession (GR), were assessed. Multivariate regression and structural equation modeling (SEM) were employed to analyze associations between SLT use and periodontal outcomes, adjusting for confounders.



Results: SLT users exhibited significantly worse periodontal health than NTB users, with higher mean CAL (8.7 ± 2.18 mm vs. 3.2 ± 1.45 mm, p < 0.001), GR (2.99 ± 1.35 mm vs. 1.05 ± 0.82 mm, p < 0.001), and PPD (5.72 ± 1.69 mm vs. 2.91 ± 1.12 mm, p < 0.001). Gutkha and Tobacco + Lime demonstrated the strongest associations with periodontal destruction (β = 1.82, p < 0.01 and β = 1.64, p < 0.01, respectively). Prolonged SLT use (>10 years), higher frequency (>5 times/day), and lower buccal placement were significant predictors of deterioration (p < 0.05). SEM confirmed that SLT type, duration, and poor oral hygiene synergistically exacerbated periodontal damage (CFI = 0.92, RMSEA = 0.04).



Conclusion: The prevalence of smokeless tobacco consumption in Rajnandgaon, Chhattisgarh, was found to be 58.26%, with a higher proportion of users among males (60%) compared to females (40%). SLT, particularly Gutkha, is a significant risk factor for periodontal disease, with usage patterns significantly influencing disease severity. These findings underscore the urgent need for region-specific public health interventions that target smoking cessation and improved oral hygiene practices. Future longitudinal studies should investigate causal mechanisms and the efficacy of interventions.
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smokeless tobacco, gutkha, periodontitis, clinical attachment loss, gingival recession, rural health, India, SLT





1 Introduction

Periodontal diseases are intricate immunoinflammatory conditions that impact the vital tissues supporting the teeth, including the gingiva, alveolar bone, cementum, and periodontal ligament (1). These disorders primarily arise from the build-up of specific microbiota within the oral biofilm, which engages in a complex interaction with the host's immune system, triggering and perpetuating a chronic inflammatory response. While the microorganisms present in dental plaque serve as the main instigators of periodontal diseases, a range of risk factors can influence the host's immune response to this microbial assault, thereby playing a significant role in both the onset and progression of periodontitis (1, 2).

Tobacco smoking is a substantial risk factor for periodontal disease, causing harmful effects leading to increased plaque accumulation, deeper periodontal pockets, and significant bone loss around the teeth (3, 4). Moreover, smoking compromises the immune response by disrupting the homeostasis of the oral microbiota by fostering the growth of periodontal pathogens. Additionally, the reduction of blood flow and oxygen supply to the gingival tissues hinders the healing processes and regeneration, ultimately worsening oral health outcomes (3–6).

Smokeless tobacco (SLT) encompasses a range of products containing tobacco that are used orally by chewing, placing in the mouth, or sniffing rather than being burned or inhaled (7). While a significant portion of the existing research on tobacco's influence on oral health has predominantly focused on smoking, the harmful effects of SLT products are gaining increasing recognition, particularly in relation to periodontal diseases. SLT exists in various forms, including snuff, chewing tobacco, and betel quid, and is widely used in numerous regions around the world (8).

SLT is used by over 300 million individuals globally and represents a major public health concern. It is responsible for an estimated 4.7 million disability-adjusted life years and contributes to more than 650,000 deaths each year (8–10).

The prevalence of SLT consumption varies widely across regions, reflecting cultural, socioeconomic, and regulatory differences. The global prevalence of smokeless tobacco use shows substantial variation, ranging from 0.1% to 62.2%, based on an analysis of data from 127 countries (8).

As awareness of the adverse health consequences of the SLT products expands, it becomes essential to examine their impact on oral health more closely. Tobacco comprises a complex blend of chemicals, including nicotine, alkaloids, and a host of carcinogens, which can instigate a range of adverse oral health outcomes. Users may experience a spectrum of oral manifestations, including painful oral mucosal lesions, significant gingival inflammation, and alarming periodontal bone loss, all of which contribute to the deterioration of oral health (11).

The relationship between smokeless tobacco consumption and periodontal attachment loss remains somewhat ambiguous, as the literature reveals conflicting evidence. Numerous studies have highlighted a robust association between the use of smokeless tobacco and adverse periodontal outcomes, such as gingival recession, the development of periodontal pockets, and significant bone resorption. In contrast, other research efforts have not succeeded in establishing a meaningful link between smokeless tobacco use and these detrimental effects, resulting in ongoing debates within the scientific community. Despite some variations in findings, the overwhelming consensus among researchers is that smokeless tobacco products adversely affect oral health. They significantly elevate the risk of developing gingivitis, caries, and oral cancer (11–15).

In India, the consumption of smokeless tobacco is notably high, particularly in rural areas where cultural practices are deeply ingrained. Chewable tobacco products dominate, with areca nut combined with slaked lime, catechu, and gutkha leading the way as widely favored choices. Other significant forms include khaini, tobacco lime, and gudakhu, each offering distinct flavours that reflect the strong local custom (16). This widespread usage underscores the urgent need for awareness about its health implications. The existing literature highlights the prevalence and significant impact of smokeless tobacco on periodontal health; however, a notable gap remains in our understanding of the specific types of smokeless tobacco used and their comprehensive effects on the periodontium. Hence, the study was designed with the objective to determine the prevalence of SLT and to evaluate its association with periodontal health indicators among the adults in Rajnandgaon, Chhattisgarh, India, intending to support targeted public health interventions in high-risk communities.



2 Materials and methods


2.1 Study design

An observational, cross-sectional study was carried out to assess the prevalence of smokeless tobacco (SLT) use and its effects on gingival and periodontal health in adults attending the Chhattisgarh Dental College and Research Institute (CDCRI), Chhattisgarh, India. This study was conducted in accordance with the 'STROBE” ('Strengthening the Reporting of Observational Studies in Epidemiology”) guidelines (17). The study design is illustrated in Figure 1. SLT users are defined as those who use SLT either daily or occasionally. Non-tobacco users are those who have never used SLT or any type of smoking tobacco.


[image: Flowchart showing patient screening of one thousand four hundred four participants, categorized as tobacco users or non-tobacco users, with further branching by study process, exclusions, and final sample counts for clinical parameter recording.]
FIGURE 1
Flowchart of the study.




2.2 Research participants and ethical approval

The participants in the study were adults who approached CDCRI for treatment between December 2019 and March 2021. The study was approved by the Institutional Ethical Committee at CDCRI, Rajnandgaon (Ref. No. Perio-16/2019). Before the study began, participants signed written informed consent in either English or Hindi, acknowledging the study procedures and confirming that their involvement was completely voluntary.



2.3 Eligibility criteria

The criteria for inclusion consisted of adults aged 18 to 65 years who possess at least two teeth in each quadrant and maintain their dentate status. The criteria for exclusion encompassed individuals with diabetes mellitus, trauma caused by brushing, non-carious cervical lesions, tobacco use, current periodontal treatment, and the utilization of medications that impact periodontal health.



2.4 Sample size estimation

The sample size was calculated using OpenEpi's cross-sectional study module, assuming a population of 1,000,000, a hypothesized frequency of 36% based on the Global Adult Tobacco Survey (GATS) Fact Sheet, Chhattisgarh, India (18), 95% confidence level, and a ±5% margin of error. The estimated minimum sample size was 354.



2.5 Research information sheet

A structured and validated data collection sheet was utilized to gather socio-demographic details such as age and educational attainment. Information regarding oral hygiene habits—including how often individuals brush their teeth, use dental floss, visit the dentist, rinse their mouths, and use smokeless tobacco (SLT)—was also collected. Furthermore, the questionnaire comprised details about the type of tobacco, daily frequency of SLT usage, duration of SLT consumption each year, placement location of SLT, the duration of SLT placement in the mouth per minute, and the quantity of SLT used (measured in packs).



2.6 Clinical examination and clinical parameters recording

The gingival and periodontal conditions of the participants were evaluated using standardized methods, which included the assessment of the Plaque Index (PI), Gingival Index (GI), Pocket Probing Depth (PPD), Gingival Recession (GR) and Clinical Attachment Level (CAL), as outlined below.

The PI was evaluated using a mouth mirror along with a plaque-disclosing solution. Six sites per tooth were evaluated for the presence or absence of supragingival plaque. The plaque was disclosed using a two-tone disclosing solution (Oraldent LTD, UK). The presence (+) or absence (−) of plaque was recorded. Then, the number of positive sites was divided by the total number of sites and presented as a percentage (19, 20). For the GI, the gingiva of each tooth was sectioned into six scoring parts: mesio-facial papilla, facial margin, disto-facial papilla, mesio-lingual papilla, disto-lingual papilla, and mid-lingual margin. Prior to the examination, the gingiva and teeth were gently dried using compressed air or cotton rolls. A periodontal probe was utilized to assess bleeding and inflammation at each scoring unit, employing the following criteria: 0 for no inflammation, 1 for mild inflammation, 2 for moderate inflammation, and 3 for severe inflammation. The GI score for each tooth was determined by aggregating the four recorded scores, and the overall GI score for the individual was calculated by averaging the GI scores from all the examined teeth (21). The probing pocket depth (PPD) was measured using a calibrated color-coded University of North Carolina Probe 15 (UNC-15). The probe was inserted parallel to the tooth's long axis, and measurements were obtained from the bottom of the sulcus or periodontal pocket to the gingival margin at six points per tooth: mesiobuccal, midbuccal, distobuccal, mesiolingual, midlingual, and distolingual (22). Gingival recession (GR) was noted as present when the gingival margin was positioned apical to the cementoenamel junction (CEJ) on either the buccal or lingual surface, and considered absent when the margin was located 1–2 mm coronal to the CEJ (23, 24). Clinical attachment level (CAL) was determined by measuring the distance from the CEJ to the base of the periodontal pocket or sulcus, utilizing a detailed full-mouth periodontal chart (23, 24).



2.7 Data collection

Consent was secured from all participants who willingly filled out the questionnaire. Depending on their self-reported use of SLT, participants were classified as either SLT users or NTB. After completing the questionnaire, all individuals who consented underwent clinical evaluations of PI, GI, PDD, GR, and CAL. The quantity of SLT consumed was determined by the number of packs or pieces used, taking into account both the duration and amount, particularly for participants who used various tobacco products. Tobacco chewing duration was assessed through structured interviews using validated questionnaires. All interviews were conducted by a single trained and calibrated interviewer (SSY) using standardized probing questions to minimize bias, and all periodontal examinations were performed by a single trained and calibrated examiner (LS) on the same day. The gathered data was documented and analyzed using statistical methods.



2.8 Statistical analysis

The data was collected and entered into Microsoft Excel (version 13) and analysed using IBM SPSS (version 21). For continuous data, mean and standard deviation (SD) were computed, while frequency and percentage were used to summarize categorical data. To compare demographic characteristics and oral hygiene habits between study groups, the Chi-square test was used for categorical data.

For periodontal parameters, an independent t-test was applied to compare PPD, CAL, and GR between smokeless tobacco (SLT) users and non-tobacco (NTB) users. The impact of tobacco placement, duration, and frequency of chewing on periodontal health was assessed using an ANOVA statistical test with post hoc Tukey's test. Additionally, a regression analysis was conducted to evaluate the effect of age, gender, brushing habits, and tobacco usage on PPD, GR, and CAL. The Structural Equation Model (SEM) further examined relationships between exogenous and endogenous variables. Statistical significance was set at a p-value less than 0.05.




3 Results

Among the 1,404 participants screened, 357 (25.42%) were tobacco smokers, 229 (16.31%) were non-tobacco users (NTB), and a total of 818 participants were smokeless tobacco users (SLT), with a prevalence of 58.26%. Smokers were excluded according to the eligibility criteria. A total of 12 SLT users and 10 NTB users had incomplete data and were therefore excluded, yielding 1,025 participants for the final analysis (Figure 1). Among 1,025 participants included in the study, 806 (79%) participants were SLT users with a mean age of 35.54 years, and 219 (21%) were NTB users with a mean age of 26.93 years.


3.1 Demographic characteristics and oral hygiene methods across the study groups

Males (60%) were more likely than females to use SLT, whereas females (66%) dominated amongst the NTB users (p < 0.001). The SLT users involved 483 (60%) males and 323 (40%) females. The toothbrush was used by the maximum number of participants (86%) in NTB users, compared to only 45% in SLT users. Finger brushing was used as the mode of cleaning by 49.6% of SLT users. The difference in the mode of cleaning between the SLT users and NTB users was statistically significant (p < 0.001). However, there was no variation in brushing frequency between the SLT users and NTB users (p = 0.46) (Table 1).



TABLE 1 Demographic characteristics and oral hygiene methods across the study groups.



	Parameters (N = 1,025)
	Smokeless tobacco user n = 806 (79%)
	Non-tobacco user n = 219 (21%)
	p-value#



	n (%)
	n (%)





	Gender



	Male
	483 (60%)
	74 (34%)
	<0.001**



	Female
	323 (40%)
	145 (66%)



	Mode of cleaning



	Toothbrush
	363 (45%)
	188 (86%)
	<0.001**



	Finger
	400 (49.6%)
	27 (12%)



	Neem Stick
	43 (5.3%)
	4 (1.8%)



	Frequency of cleaning



	Once a day
	767 (95%)
	211 (96%)
	0.46



	Twice a day
	39 (4.8%)
	8 (3.7%)



	Mode of brushing



	Horizontal
	522 (65%)
	52 (24%)
	<0.001**



	Horizontal and Vertical
	284 (35%)
	167 (76%)




	#Pearson's Chi-square test.


	**Highly Significant.









3.2 Type of smokeless tobacco used

The most common SLTs used, categorized by gender, are presented in Table 2. Among the different types of smokeless tobacco used, the most used tobacco products were Gutkha (43%) and Gudakhu (40%) in males, whereas Gudakhu (100%) was used by all the females (n = 323) included in the study. The difference in the types of SLT used was statistically highly significant between males and females (X2 = 338.3; p < 0.001; Table 2).



TABLE 2 Type of smokeless tobacco used.



	Type of SLT
	Gender
	Significance#



	Males n (%)
	Females n (%)
	X2-value
	p-value





	Khaini
	76 (9.43%)
	0 (0%)
	338.30
	0.0001**



	Gutkha
	350 (43.42%)
	0 (0%)



	Tobacco + Lime
	57 (7.07%)
	0 (0%)



	Gudakhu
	323 (40.07%)
	323 (100%)



	Total
	483 (60.0%)
	323 (40.0%)




	#Pearson's Chi-square test.


	**Highly Significant.









3.3 Comparison of clinical parameters across the study groups

There was a highly significant difference in probing pocket depth (PPD; t = 9.69; p < 0.001), gingival recession (GR; t = 16.16; p < 0.001), and clinical attachment loss (CAL; t = 13.73; p < 0.001) between the SLT users and NTB users (Table 3).



TABLE 3 Comparison of periodontal pocket depth (PPD), clinical attachment loss (CAL) scores, and gingival recession (GR) across the study groups.



	Parameters
	Smokeless tobacco users (n = 806)
	Non-tobacco users (n = 219)
	Significance#



	Mean
	SD
	SEM
	Mean
	SD
	SEM
	t value
	p-value





	PPD
	5.72
	1.691
	0.0596
	4.57
	0.943
	0.0637
	9.69
	<0.001**



	CAL
	8.7
	2.178
	0.0475
	6.2
	1.396
	0.0728
	13.73
	<0.001**



	GR
	2.99
	1.348
	0.0767
	1.63
	1.077
	0.0943
	16.16
	<0.001**




	#Independent t-test.


	**Highly Significant.









3.4 Effect of tobacco placement on periodontal health

The placement of tobacco at various sites within the oral cavity considerably influenced periodontal status (p < 0.001 for all measurements; Table 4). CAL was maximum among the subjects who inserted tobacco in the lower left buccal and lower right buccal side (9.12 ± 1.229 mm, 9.08 ± 1.30 mm), and they were closely followed by subjects with tobacco placement in all teeth (8.12 ± 2.969 mm). The lowest CAL score (9.00 ± 1.622 mm) was observed among participants who placed tobacco in the lower anterior area. The most severe gingival recession (GR) occurred among participants, placing smoking on the lower left side (3.77 ± 0.962 mm) and right buccal side (3.76 ± 0.957 mm). In contrast, participants using it at any location demonstrated the least GR (1.87 ± 1.026 mm). Probing pocket depth (PPD) was maximum in the group of persons who put tobacco between all the teeth (6.25 ± 2.280 mm), which means greater periodontal damage (Table 4).



TABLE 4 Association of clinical parameters with the location of tobacco placement, duration of tobacco chewing and frequency of tobacco chewing.



	Location of tobacco placement
	Participants n (%)
	CAL Score Mean ± SD (mm)
	GR Mean ± SD (mm)
	PPD Mean ± SD (mm)





	Lower Anterior
	20 (2.5%)
	9.00 ± 1.622
	3.10 ± 0.912
	5.90 ± 1.07



	Lower left buccal
	205 (25.4%)
	9.12 ± 1.229
	3.77 ± 0.962
	5.36 ± 0.973



	Lower right buccal
	258 (32%)
	9.08 ± 1.30
	3.76 ± 0.957
	5.33 ± 0.995



	All teeth
	323 (40.1%)
	8.12 ± 2.969
	1.87 ± 1.026
	6.25 ± 2.280



	Significance
	F
	10.3
	224.3
	16.3



	p-value
	<0.001
	<0.001
	<0.001



	Duration of tobacco chewing
	Participants
	CAL Score Mean ± SD (mm)
	GR Mean ± SD (mm)
	PPD Mean ± SD (mm)



	0–2 min
	241 (29.9%)
	7.76 ± 3.174
	1.75 ± 1.024
	6.01 ± 2.477



	2–5 min
	82 (10.2%)
	9.2 ± 1.902
	2.22 ± 0.956
	6.98 ± 1.333



	5–10 min
	33 (4.1%)
	9.24 ± 1.3
	3.7 ± 0.883
	5.55 ± 0.971



	>10 min
	450 (55.8%)
	9.08 ± 1.284
	3.74 ± 0.971
	5.35 ± 0.995



	Significance
	F
	13.5
	228.8
	39.7



	p-value
	<0.001
	<0.001
	<0.001



	Location of tobacco placement
	Participants
	CAL Score Mean ± SD (mm)
	GR Mean ± SD (mm)
	PPD Mean ± SD (mm)



	1–3 times
	144 (17.9%)
	7.63 ± 2.98
	1.72 ± 1.02
	5.92 ± 2.32



	3–5 times
	297 (36.8%)
	8.86 ± 2
	3.18 ± 1.32
	5.68 ± 1.56



	5–10 times
	328 (40.7%)
	9.02 ± 1.82
	3.29 ± 1.2
	5.72 ± 1.52



	>10 times
	37 (4.6%)
	8.89 ± 1.47
	3.68 ± 1
	5.22 ± 1.03



	Significance
	F
	8.86
	88.02
	3.04



	p-value
	<0.001
	<0.001
	<0.001









3.5 Effect of tobacco chewing duration on periodontal health

A greater duration of tobacco chewing was correlated with greater periodontal loss (p < 0.001 for all parameters; Table 4). The subjects who chewed tobacco for more than 10 min had a high CAL value (9.08 ± 1.284 mm), which was similar to those who chewed for 5–10 min (9.24 ± 1.3 mm) and 2–5 min (9.2 ± 1.902 mm). Conversely, CAL was lowest for those who chewed between 0 and 2 min (7.76 ± 3.174 mm). Gingival recession was higher with longer durations of tobacco chewing, with the maximum GR in the >10 min group (3.74 ± 0.971 mm) and the second highest in the 5–10-minute group (3.7 ± 0.883 mm). Probing pocket depth (PPD) was also similar, with the highest readings in individuals who chewed for 2–5 min (6.98 ± 1.333 mm).



3.6 Effect of frequency of tobacco use on periodontal health

The number of tobacco consumption highly affected CAL, GR, and PPD (p < 0.001 for all measured parameters; Table 4). The individuals consuming tobacco over 10 times a day showed elevated GR (3.68 ± 1 mm) and PPD (5.22 ± 1.03 mm). Individuals who consumed tobacco between 5 and 10 times a day reported the highest CAL score (9.02 ± 1.82 mm). The minimum CAL and GR were found in people who consumed tobacco 1–3 times a day (7.63 ± 2.98 mm and 1.72 ± 1.02 mm, respectively). Yet, PPD was rather constant between groups, ranging from 5.22 mm to 5.92 mm.



3.7 Regression analysis

A regression analysis presents how the various factors relate to the three periodontal indicators: PPD, GR, and CAL. The R-squared (R²) indicates how well the model explains the variance in each dependent variable. R² revealed a variance of 36.8% for PPD, 62.9% for GR (indicating the strongest model fit), and 34.4% for CAL (Table 5a).



TABLE 5a Regression analysis showing overall model fit between variables and PPD, GR and CAL.



	Model
	R
	R²





	PPD
	0.607
	0.368



	GR
	0.793
	0.629



	CAL
	0.586
	0.344







Age was positively correlated with all periodontal measures (PPD, GR, CAL), indicating increased deterioration with age. Males exhibited higher PPD and CAL but lower GR than females. Toothbrush use was associated with better periodontal health compared to finger brushing or neem sticks. Horizontal brushing alone showed greater PPD and CAL than combined horizontal and vertical techniques (Table 5b).



TABLE 5b Regression analysis showing significant predictors and their effects on PPD, GR and CAL.



	PPD
	GR
	CAL



	Predictor
	Estimate
	SE
	t
	p
	Estimate
	SE
	t
	p
	Estimate
	SE
	t
	p





	Intercepta
	−1.0975
	0.9329
	−1.176
	0.24
	1.9659
	0.56978
	3.45
	<.001
	0.8683
	1.224
	0.7094
	0.478



	Age
	0.0764
	0.0127
	6.003
	<.001
	0.0251
	0.00777
	3.235
	0.001
	0.1015
	0.0167
	6.0817
	<.001



	Gender
	2.3081
	0.3797
	6.079
	<.001
	−0.5922
	0.23191
	−2.553
	0.011
	1.7159
	0.4982
	3.4444
	<.001



	Mode of cleaning



	Finger—Toothbrush
	−0.7292
	0.2013
	−3.622
	<.001
	−0.3056
	0.12295
	−2.485
	0.013
	−1.0347
	0.2641
	−3.918
	<.001



	Neem Stick—Toothbrush
	−0.758
	0.2403
	−3.155
	0.002
	−0.3024
	0.14674
	−2.061
	0.04
	−1.0604
	0.3152
	−3.3642
	<.001



	Frequency of cleaning



	Twice a Day—Once a Day
	−0.0392
	0.2266
	−0.173
	0.863
	−0.0146
	0.13841
	−0.106
	0.916
	−0.0538
	0.2973
	−0.181
	0.856



	Mode of brushing



	Horizontal and Vertical-Horizontal
	−0.3793
	0.1762
	−2.153
	0.032
	−0.1477
	0.10761
	−1.373
	0.17
	−0.5271
	0.2312
	−2.28
	0.023



	Type of tobacco



	Gutkha—Khaini
	0.5233
	0.1952
	2.68
	0.008
	1.7748
	0.11924
	14.884
	<.001
	2.2981
	0.2561
	8.9718
	<.001



	Tobacco Lime—Khaini
	1.6534
	0.2417
	6.841
	<.001
	0.4567
	0.14761
	3.094
	0.002
	2.1101
	0.3171
	6.6549
	<.001



	Gudhakhu—Khaini
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN



	Tobacco chew since (in yrs)



	2–5 Years—0–2 Years
	0.4533
	0.2602
	1.742
	0.082
	0.3729
	0.15895
	2.346
	0.019
	0.8262
	0.3414
	2.4199
	0.016



	5–10 Years—0–2 Years
	0.2213
	0.2568
	0.862
	0.389
	0.2291
	0.15685
	1.461
	0.145
	0.4504
	0.3369
	1.3369
	0.182



	>10 Years—0–2 Years
	0.7091
	0.2825
	2.511
	0.012
	0.378
	0.17252
	2.191
	0.029
	1.0872
	0.3706
	2.9337
	0.003



	Tobacco chew duration (in mins)



	2–5 Min—0–2 Mins
	1.0201
	0.176
	5.797
	<.001
	0.4721
	0.10747
	4.393
	<.001
	1.4922
	0.2309
	6.4636
	<.001



	5–10 Min—0–2 Min
	0.1179
	0.2505
	0.471
	0.638
	−0.0809
	0.15298
	−0.529
	0.597
	0.037
	0.3286
	0.1126
	0.91



	>10 Mins—0–2 Min
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN



	Frequency of tobacco chewing



	3–5 Times—1–3 Times
	0.5586
	0.1663
	3.359
	<.001
	0.207
	0.10158
	2.038
	0.042
	0.7656
	0.2182
	3.5087
	<.001



	5–10 Times—1–3 Times
	0.545
	0.1613
	3.379
	<.001
	0.3625
	0.0985
	3.68
	<.001
	0.9074
	0.2116
	4.2888
	<.001



	>10 Times—1–3 Times
	0.2222
	0.2813
	0.79
	0.43
	0.1123
	0.17179
	0.654
	0.513
	0.3346
	0.369
	0.9066
	0.365



	Location of tobacco placement



	Lower Left Buccal—Lower Anterior
	0.2763
	0.3416
	0.809
	0.419
	−0.2954
	0.20863
	−1.416
	0.157
	−0.0191
	0.4482
	−0.0426
	0.966



	Lower Right Buccal—Lower Anterior
	0.2102
	0.34
	0.618
	0.537
	−0.3711
	0.20763
	−1.787
	0.074
	−0.1609
	0.446
	−0.3608
	0.718



	All Teeth—Lower Anterior
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN
	NaN




	aRepresents reference level.


	Linear model contains aliased coefficients (singular fit).


	NaN values indicate that the model couldn't compute coefficients due to perfect correlation or lack of variability.







Regression analysis revealed that Gutkha and tobacco plus lime use were significantly associated with increased PPD, GR, and CAL compared to Khaini. A chewing duration exceeding 5 min and a frequency of tobacco usage greater than 5 times per day were significantly associated with higher PPD, GR, and CAL, with lower buccal placement specifically associated with increased CAL (Table 5b).



3.8 Structural equation model (SEM) analysis

The outcome of the regression models shows the effect of exogenous variables on the endogenous variables (PPD, GR, and CAL) (Tables 5a, b).

Significant predictors of increased PPD included age (p < 0.001), mode of cleaning (p = 0.009), brushing technique (p = 0.01), type of tobacco used (p < 0.001), and duration of tobacco chewing (p < 0.001). The results indicate that tobacco chewing habits are strongly associated with deeper periodontal pockets.

GR was significantly associated with the mode of cleaning (p < 0.001), type of tobacco (p = 0.028), duration (p < 0.001), and frequency of tobacco chewing (p = 0.001). Tobacco-related variables—particularly type, frequency, and duration—were closely linked to the extent of gingival recession.

Significant predictors of CAL included age (p < 0.001), mode of cleaning (p < 0.001), type of tobacco used (p < 0.001), duration (p < 0.001), and frequency of tobacco use (p = 0.004). Prolonged and frequent use of smokeless tobacco was associated with greater clinical attachment loss.




4 Discussion

This study undertook the estimation of the prevalence of smokeless tobacco (SLT) and a comprehensive examination of the effects of SLT use on periodontal health among adults in Chhattisgarh, India. The prevalence of SLT varies widely due to regional, cultural, and socioeconomic factors. Among adults, SLT use is reported at 29% in India, 26% in Bangladesh, and 22% in Myanmar (8, 25). In India, state-specific data show even higher usage at 35% in Bihar and 33% in Odisha (18). In comparison, rural populations in African countries report lower SLT use, ranging from 5% to 10% (26). A global review of SLT consumption among women of reproductive age noted a wide range of prevalence, from 0.4% to 73%, with the highest rates in Southeast Asia (27). Among adolescents, SLT use has been reported globally at 4.4%, with some rural areas in India showing prevalence as high as 21% (28, 29). In the present study, the prevalence of smokeless tobacco use was 58.26%, with higher usage observed among males (60%) compared to females (40%). This gender disparity aligns with global findings reported by Siddiqi et al. (8), who observed a higher prevalence of smokeless tobacco use among males across 95 countries.

The upper age limit of 65 years was chosen to minimize the confounding effects, such as many individuals exhibit advanced periodontal tissue breakdown independent of tobacco use due to age-related physiological changes (e.g., reduced regenerative capacity, cumulative lifetime biofilm exposure) (30, 31). Also, in our pilot data, >90% of active tobacco chewers in the target population were ≤65 years, as older adults often quit or transition to non-chewing forms.

The use of disclosing agents without explorers or probes was chosen to ensure standardized, reproducible, and objective plaque assessment across all tooth surfaces, including interproximal areas. Unlike tactile methods, which are prone to examiner variability, disclosing agents visually highlight plaque accumulation, enabling consistent quantification across subjects (32). This approach aligns with the study's primary aim to evaluate plaque coverage area rather than thickness or consistency, which would require tactile examination. Similar non-invasive plaque assessment techniques have been validated and widely applied in epidemiological research (19).

According to “Global Adult Tobacco Survey (GATS)” data, the prevalence of smokeless tobacco consumption in Chhattisgarh declined from 47.2% in GATS-1 to 36% in GATS-2, yet it continues to exceed the prevalence of smoking in the region (18). While specific epidemiological data for smokeless tobacco use in Rajnandgaon district are lacking, patterns observed across the state suggest considerable usage in smaller towns and villages (1). In contrast, our study revealed a higher prevalence of 58.26%, which may be attributed to the easy accessibility and aggressive local marketing of smokeless tobacco products. These findings highlight the urgent need for focused public health strategies and community-level interventions to address this issue (27).

The findings of our study revealed significant correlations between SLT consumption and detrimental clinical outcomes related to periodontal health. Analyzing a robust and well-defined population of 1,025 individuals, this research provides valuable insights into the expanding body of evidence suggesting that SLT use is a significant factor in the onset and progression of periodontal disease. This issue is particularly pressing in rural areas, where the prevalence of SLT habits is high, and oral hygiene practices are often inadequate, amplifying the risk of periodontal disease severity and progression (33).

Our findings illustrate that users of SLT products experience greater clinical attachment loss (CAL), gingival recession (GR), and probing pocket depth (PPD) compared to non-tobacco users (NTB), with p-values < 0.001 across all assessed metrics. These results robustly validate the hypothesis that, despite being smokeless, SLT products cause significant damage to periodontal tissues and contribute to a serious health burden. The localized placement of SLT within the oral cavity results in prolonged exposure to a myriad of carcinogenic and cytotoxic substances, including nicotine, tobacco-specific nitrosamines (TSNAs), and slaked lime. Such prolonged exposure undermines epithelial integrity, triggers inflammatory reactions, and accelerates the degradation of connective tissue (34). Moreover, users of Gutkha and tobacco-lime demonstrated markedly worse periodontal disease outcomes compared to those who use Khaini. This disparity persisted even after rigorous adjustments for potential confounding factors such as age, gender, oral hygiene habits, and frequency of use. These results align with previous research (14–16, 35), which has underscored the harmful composition of Gutkha, a concoction that contains not only tobacco but also areca nut and slaked lime, intensifying its corrosive potential. In the present study, the regression analysis revealed that Gutkha use is associated with a significant increase in CAL, exceeding 2.29 mm (p < 0.001), thereby highlighting its detrimental impact on periodontal health.Our results expand on previous research by providing detailed data regarding the impact of smokeless tobacco (SLT) placement, chewing duration, and frequency, which have often been overlooked. Participants who regularly placed SLT in the lower buccal vestibule showed the highest values for clinical attachment loss (CAL) and gingival recession (GR). This aligns with the findings of Robertson et al. (11) and Chu et al. (36), which emphasized the localized nature of tissue destruction caused by SLT. Furthermore, chewing tobacco for longer than five minutes or more than five times daily significantly worsened periodontal health, indicating a clear dose-response relationship. These findings provide strong clinical evidence that both the intensity and pattern of SLT use modulate periodontal risk.

Age and gender were also found to influence periodontal status, with older individuals and males demonstrating higher CAL and PPD. This is biologically plausible given the cumulative exposure to tobacco and reduced tissue resilience with age. Furthermore, males may exhibit different behavioral patterns related to SLT consumption and oral hygiene that could exacerbate disease progression. Poor oral hygiene practices, especially the use of fingers or neem sticks for brushing, and horizontal brushing techniques, were significantly associated with worse periodontal outcomes, likely due to inadequate plaque removal and soft tissue trauma (12, 16, 37–40).

Our regression and structural equation models (SEM) further reinforced these associations, showing that demographic factors, tobacco type, duration, and frequency of use, and brushing methods collectively explained over 60% of the variance in gingival recession and nearly 37% of the variance in probing depth, demonstrating a strong explanatory power. These quantitative insights are critical, as they suggest that targeted modifications in behavior—such as reducing chewing frequency and improving oral hygiene—could substantially mitigate the risk of periodontitis, even in high-risk populations (13, 34).

The findings from our study are in contrast to those of Bhandarkar et al. (41), who suggested that certain SLT products, such as Khaini and Gutkha, had minimal impact on periodontal health. Such discrepancies may reflect differences in SLT formulations across regions, study design, sample sizes, or the depth of periodontal assessment (41). Notably, our study utilized multiple validated clinical indicators (CAL, PPD, GR) and statistical modeling, which provides a more comprehensive picture of periodontal tissue deterioration.

The biological mechanisms underlying SLT-related periodontal damage are multifactorial. Nicotine absorbed through the oral mucosa disrupts neutrophil chemotaxis, impairs phagocytic activity, reduces fibroblast function, and limits revascularization and wound healing, all of which contribute to progressive attachment loss (42–45). Additionally, local vasoconstriction induced by nicotine may mask early signs of inflammation, potentially delaying diagnosis and treatment. The presence of slaked lime in many SLT products further elevates pH, increasing the bioavailability of free-base nicotine and exacerbating tissue toxicity (46, 47).

This study also highlights critical public health implications. The high prevalence of SLT consumption among males in the rural population, coupled with poor oral hygiene practices and low educational attainment, underscores the need for integrated community-based interventions. Oral health promotion campaigns should be culturally tailored and emphasize not only the risks of SLT consumption but also the importance of effective oral hygiene, including the use of toothbrushes and appropriate brushing techniques.


4.1 Strengths, limitations, and future scope

One of the strengths of this research is its stratified analysis of SLT types, duration, placement, and frequency, making it one of the few studies in the Indian context to provide such detailed insights. Moreover, by combining cross-sectional epidemiology with multivariate and structural equation modeling (SEM) analyses, we offer a robust framework for understanding the interplay between behavioral risk factors and periodontal outcomes.

Nevertheless, certain limitations must be acknowledged. Being a cross-sectional study, causality cannot be definitively established. Additionally, self-reported tobacco use may be subject to recall bias or underreporting due to social desirability. The study also did not explore microbiological or immunological markers, which could have helped to elucidate the mechanistic pathways linking SLT use with periodontal destruction. Furthermore, Gudakhu use was exclusive to female participants in this cohort, limiting gender-based comparisons for this particular product. Although we employed rigorous interview methods to assess tobacco chewing duration, some recall bias may remain inherent to self-reported behavioral data. However, our approach aligns with WHO recommendations for tobacco surveillance and has demonstrated validity in similar oral health studies (48, 49).

Despite its strengths, this study is limited by its observational design. Longitudinal studies are required to determine the temporal relationship between SLT consumption and periodontal tissue destruction. Future investigations should also include microbiological and inflammatory biomarker profiling to better characterize the biological impact of various SLT products. Additionally, intervention studies targeting SLT cessation and improved oral hygiene should be conducted to assess the reversibility of periodontal damage and the effectiveness of public health strategies in high-burden settings. Biochemical verification, such as testing for salivary cotinine, was not conducted; however, this can be challenging to implement in large rural populations. The results pertain specifically to SLT usage (such as Gutkha and Gudakhu) in rural Chhattisgarh and may not apply to urban environments or other types of SLT, like snus or betel quid containing tobacco. Although adjustments were made for major confounding variables (such as age and oral hygiene), other unmeasured factors (like diet, genetics, and stress) could still impact periodontal health. Notably, the influence of passive smoking was not evaluated. The exclusion of older individuals (aged above 65 years) restricts understanding of the effects of SLT on older populations, where multiple health issues and accumulated tobacco exposure might increase periodontal damage. Gudakhu usage was limited to female participants, preventing gender-based comparisons for this particular product. Future research should analyze data by gender-related preferences regarding SLT. Incorporating community-based validation methods, such as interviews with family members, could help address this issue in future research.




5 Conclusions

The prevalence of smokeless tobacco consumption in Rajnandgaon, Chhattisgarh, was found to be 58.26%, with a higher proportion of users among males (60%) compared to females (40%). This study demonstrated a clear association between smokeless tobacco consumption, particularly Gutkha, and adverse periodontal outcomes, including increased clinical attachment loss, gingival recession, and probing pocket depth. The type, frequency, duration, and placement of tobacco significantly influenced periodontal disease severity and progression.

Demographic and hygiene-related factors, such as age, gender, and brushing methods, also contributed to disease severity. These findings underscore the need for targeted public health interventions that focus on motivation towards cessation of smokeless tobacco consumption and oral hygiene education, particularly in rural communities. Regulation of SLT consumption requires robust implementation and strict enforcement of the WHO Framework Convention on Tobacco Control (FCTC).
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Background: Jẹ̀díjẹ̀dí is a Yoruba ethnomedical gastrointestinal phenomenon associated with reduced refined carbohydrate consumption. This study assessed the associations between maternal belief in “jẹ̀díjẹ̀dí” and age of sugar introduction into children's diets, daily frequency of refined carbohydrate consumption between meals, and early childhood caries (ECC) experience in Ile-Ife, Nigeria.



Methods: This study involved a secondary analysis of cross-sectional data collected from 878 mother-child dyads residing in Ile-Ife Central Local Government Area between December 2024 and January 2025. Participants were selected through a multi-stage random sampling process. Data were collected using structured, interviewer-administered questionnaires as well as clinical dental examinations that used the decayed, missing, and filled teeth (dmft) index. Three separate multivariable logistic regression models were employed to assess the association between maternal belief in jẹ̀díjẹ̀dí and three oral health outcomes (age of introduction of sugar into diet, frequency of consumption of refined carbohydrate between meals daily, and ECC experience). These models adjusted for covariates (socioeconomic status as a contextual factor; the child's age, sex, use of fluoride toothpaste, and toothbrushing frequency as child-level factors; and the mother's age and knowledge of caries prevention as mother-level factors).



Results: Among the 878 children included in the study, 538 (61.3%) had been introduced to refined carbohydrates before their first birthday, 202 (23.0%) consumed refined carbohydrates more than three times per day between meals, 713 (81.2%) expressed belief in jẹ̀díjẹ̀dí, while 70 (8.0%) children have ECC. Maternal belief in jẹ̀díjẹ̀dí was associated with non-significant trends suggesting a possible delay in sugar introduction (adjusted odds ratio [AOR]: 1.119; 95% confidence interval [CI]: 0.776–1.614; p = 0.547) and a lower frequency of refined carbohydrate consumption (AOR: 1.412; 95% CI: 0.942–2.115; p = 0.095). There was no significant association observed between belief in jẹ̀díjẹ̀dí and the presence of ECC (AOR: 1.002; 95% CI: 0.516–1.947; p = 0.995).



Conclusion: While maternal belief in jẹ̀díjẹ̀dí was not significantly associated with the oral health outcomes, it demonstrated a tendency toward protective dietary practices. Future studies should explore leveraging jẹ̀díjẹ̀dí within culturally tailored ECC prevention programs.
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dental caries, ethnomedicine, traditional, culture, Nigeria, risk factors, dietary sucrose, preschool





Introduction

Culture profoundly shapes oral health beliefs, behaviours, and practices, influencing dietary choices, hygiene routines, and perceptions of disease (1, 2). Traditional practices frequently observed across diverse communities include the frequent consumption of sugary snacks and sweetened beverages, the use of non-fluoridated oral hygiene agents (e.g., charcoal or herbal pastes) instead of evidence-based fluoride toothpaste, prolonged breastfeeding or bottle-feeding (especially at night), and the cultural normalization of dental caries as an unavoidable part of childhood (3–6). These practices are well-established risk factors for early childhood caries (ECC), a disease that causes cavities in the teeth in children younger than 72 months of age (3, 5, 6). Furthermore, historical or cultural mistrust of dental professionals can contribute to delayed care-seeking, exacerbating oral health issues (7).

Conversely, some cultural beliefs may inadvertently offer protection against ECC. An example relevant to dental caries is jẹ̀díjẹ̀dí, a culturally constructed illness concept within Yoruba ethnomedicine. Jẹ̀díjẹ̀dí is primarily perceived and diagnosed as a gastrointestinal and systemic condition (e.g., diarrhoea, bloating, perianal irritation, general weakness, and concerns about future sexual dysfunction, particularly in males) believed to arise from excessive consumption of sugar, fatty foods, and carbonated drinks (8–10). Crucially, the belief in this illness concept shapes healthcare-seeking and dietary habits, leading to sugar restriction as a traditional treatment (10, 11). Maternal belief in jẹ̀díjẹ̀dí has been associated with reduced sugar consumption in children (8, 9). Similar culturally rooted concepts regulating sugar intake exist in other parts of Eastern Nigeria and West Africa, suggesting broader cultural relevance for preventive strategies (9–11).

This study is theoretically anchored in the PEN-3 model, a framework designed to examine health behaviours through the lens of culture, relationships, and community contexts (12). The PEN-3 model comprises three domains: (1) Cultural Identity (Person, Extended Family, Neighborhood), (2) Relationships and Expectations (Perceptions, Enablers, Nurturers), and (3) Cultural Empowerment (Positive, Existential, Negative). Applied here, the model positions jẹ̀díjẹ̀dí as a culturally embedded belief system within the Cultural Identity domain, influencing maternal perceptions (Relationships and Expectations) about sugar's health impacts. By examining how this belief empowers caregivers to restrict sugar intake (Cultural Empowerment), the study explores whether jẹ̀díjẹ̀dí serves as a culturally resonant protective factor against ECC risk behaviours.

Despite growing evidence that jẹ̀díjẹ̀dí can influence dietary behaviour and sugar intake patterns among caregivers (8, 9), its direct association with measurable oral health outcomes remains poorly understood. It is not yet clear whether maternal belief in jẹ̀díjẹ̀dí delays the introduction of sugar into infants' diets, reduces the frequency of refined carbohydrate consumption between meals, or lowers the risk or prevalence of ECC. Moreover, the potential to harness this culturally resonant belief in the design of targeted, preventive oral health programs has not been adequately explored. This gap limits the development of effective, culturally grounded interventions for ECC in populations where such beliefs significantly shape caregiving practices and child health behaviours (13).

This study aims to examine the association between maternal belief in jẹ̀díjẹ̀dí and three key outcomes: the age at which sugar is first introduced into children's diets, the daily frequency of refined carbohydrate consumption between meals, and the experience of ECC among children aged 6 to 71 months in Ile-Ife Central Local Government Area of Osun State, Nigeria. By investigating these relationships, the study seeks to evaluate whether the culturally embedded concept of jẹ̀díjẹ̀dí could inform the development of culturally sensitive public health strategies for ECC prevention in similar West African contexts.



Methods


Ethical considerations

Ethical approval for the study was secured from the Tehran University of Medical Sciences, Tehran, Iran (IR.TUMS.DENTISTRY.REC.1402.023) and the Institute of Public Health Research Ethics Committee of the Obafemi Awolowo University, Ile-Ife, Nigeria (IPH/OAU/12/2742). Written informed consent was obtained from mothers to allow their children to participate. Confidentiality was strictly maintained, with no participant identifiers such as names or residential addresses included in the dataset. Participants were not provided with any form of compensation for their involvement.



Study design

This was a secondary analysis of a cross-sectional study that recruited 1411 mother-child pairs in Ife Central Local Government Area, Osun State, Nigeria, between December 2024 and January 2025 to determine the risk factors for ECC.



Study population and study location

The study targeted children aged 6 to 71 months residing with their primary caregivers in Ile-Ife, Nigeria. The sole eligibility criterion was the provision of written informed consent by a primary caregiver. No other exclusion criteria were applied, and all children present at home during the study period who met this criterion were eligible to participate. This approach aimed to ensure broad representation of the study population.



Sample size

The required sample size for the primary study was determined using the Cochran formula, based on an estimated 4.3% prevalence of ECC (14). With a 5% margin of error and a 95% confidence level, the sample size was 64 children. However, to ensure adequate power for multivariable analysis at the 4.3% prevalence, 1,628 children needed to be screened to identify 70 cases of ECC (70 ÷ 0.043). The primary study recruited 1,411 mother-child dyads. In the final analytic sample (n = 878), 70 ECC cases (8.0%) were identified, meeting the requirement for robust regression analysis.



Sampling procedure

A multi-stage random sampling method was employed. From the 700 enumeration areas in the 2006 National Population Census, 70 (10%) were selected for the study participants' recruitment. The 70 sites were the same sites where prior ECC-related studies had been conducted in Ile-Ife in 2014 and 2020 (14, 15). Within each enumeration area, every other household on each street was screened to identify eligible mother-child dyads. Only one mother-child dyad was enrolled per household, even if multiple eligible children resided there. This ensured statistical independence of observations and minimized intra-household clustering effects in dietary and behavioural practices (16).

Eligible households that declined participation after explanation of the study objectives were skipped, and the next eligible household on the same street was approached as replacements to maintain the sampling interval. Recruitment continued until all designated enumeration areas were covered, with only one dyad per household participating. The recruitment process continued for six weeks, with further recruitment discontinued once the eligible enumeration areas were covered.

In areas with irregular or non-linear layouts, field teams applied a flexible definition of “street”, treating any continuous pedestrian-accessible pathway (including footpaths and alleys) as a valid sampling route. Households along these routes were systematically enumerated. In sparsely populated areas, sampling was extended to include adjacent paths when the initial street did not yield enough eligible households. Vacant or non-residential buildings were skipped, and the next occupied household was selected, with all skipped structures documented to preserve sampling transparency. In locations where gated houses made access to the compound challenging, the house was skipped, but the random selection of houses was maintained. The community engagement before study commencement enhanced access for the field workers to households at the enumeration areas.



Data collection

Data were collected using interviewer-administered questionnaires and dental examinations. The same instrument was used for studies conducted in 2014 and 2020 (14, 15), and it captured a broad range of variables. These variables included the socio-demographic characteristics of the child, such as socioeconomic status, as well as oral health behaviours like the child's toothbrushing frequency and use of fluoridated toothpaste (17), and maternal knowledge of caries prevention (18). The questionnaire also addressed child feeding practices, focusing on the age of sugar introduction and the frequency of refined carbohydrate consumption between meals, along with cultural practices, particularly maternal belief in jẹ̀díjẹ̀dí. This belief was assessed using the question, “Do you take steps to protect your child from jẹ̀díjẹ̀dí?” with binary “Yes” or “No” response options. Before the main data collection, the instrument was pilot-tested with 20 mother-child dyads who were not included in the final sample. The pilot, conducted by the 20 trained data collectors, aimed to evaluate public comprehension and the overall flow of the questionnaire. It also helped identify challenges with skipping logic and phrasing due to the questionnaire's online format. However, no modifications were made to the instrument following the pilot.

The data collectors participated in a three-day program led by the principal investigators. The first day was an online training introducing all participants to the study protocols. The next two days were physical training that took participants through the study questionnaire, and training on ethical research conduct, including obtaining informed consent and maintaining participant confidentiality, and provided instruction on standardized questionnaire administration. Participants also learnt about effective communication to enhance responses by participants. Practical sessions, such as role-playing, were included to prepare the team for real-world challenges in field interviews.

In addition, clinical data collection protocols were reviewed to support dental examination procedures. Nine calibrated dentists conducted caries assessments using the dmft index, with the intra- and inter-examiner reliability scores computed using Fleiss' Kappa. Intra-examiner reliability averaged 0.86 (range: 0.78–0.92) across duplicate assessments of 10 children repeated two days after the initial assessment. The initial inter-examiner reliability score was 0.62 (p = 0.349), prompting additional training on identifying non-cavitated lesions to refine diagnostic accuracy in alignment with the lead consultant.

All dental examinations were carried out under good illumination. Standard cross-infection control protocols were implemented: examiners wore disposable gloves, masks, and protective eyewear for each child examined. Sterilized mouth mirrors were used for the examinations. Gauze and other single-use items were collected in disposable trash bags and discarded at the hospital incinerator at the end of the day.



Study variables

Interviews with mothers or guardians collected data on socio-demographics, oral health behaviours of both mother and child, and child feeding practices.


Dependent variables


Early childhood caries experience

ECC was defined as cavitated or non-cavitated caries in primary teeth of children aged ≤5 years (19). The dmft index was used to quantify ECC, counting decayed, filled, or missing teeth due to caries (20). Clinical examinations were performed in a well-lit room (natural and/or artificial light) within the participants' house, with the child seated upright on a chair or a stable caregiver's lap. Teeth were cleaned of debris using sterile gauze where necessary. Examinations were conducted using sterilized plane mouth mirrors and portable LED headlamps. Parents provided explanations for any unexplained tooth loss, and ECC status was categorized as present (dmft > 0) or absent (dmft = 0) for analysis.



Frequency of refined carbohydrate consumption between meals daily

Participants were asked to report the frequency of their consumption of refined carbohydrates as snacks or beverages between their main meals daily. The response options were structured as follows: “About 3 times a day or more” was coded as 1, “About twice a day” as 2, “About once a day” as 3, “Occasionally; not every day” as 4, and “Rarely or never eat between meals” as 5. In addition, a code of 99 was assigned for instances where no response was provided.



Age of introduction of sugar into the meal of child

Mothers/caregivers were asked to indicate when sugar was introduced into their child's diet by responding to: At what age was sugar included in [CHILD'S NAME]'s diet? Options ranged from “At birth” to “After 12 months”, with additional choices for “Cannot remember” and “No Response”. Responses were dichotomized into sugar introduced “before one year of age” and “at or after one year of age”, creating a binary variable: Sugar introduction at or after 1 year of age (yes/no) (21).




Confounding variables


Socioeconomic status

Socioeconomic status was assessed using an adapted version of the index developed by Olusanya et al. (22), which had been previously applied in studies within the same setting (23). This index integrates multiple factors, combining the mother's level of education with the father's educational attainment and occupation.

For this study, data were collected on the parents' educational levels and professions. The mother's education was categorized into three groups: no formal education, Quranic and primary school education (score 2); secondary school education (score 1); and tertiary education (score 0). The father's occupation was classified into three levels: civil servants or skilled professionals with tertiary education (score 1); civil servants or skilled professionals with secondary education (score 2); and unskilled workers, unemployed individuals, students, or civil servants/skilled professionals with primary or Quranic education (score 3).

The socioeconomic class of each child was determined by summing the mother's education score and the father's occupation score. Children were then assigned to one of five social classes: Class I (upper class), Class II (upper middle class), Class III (middle class), Class IV (lower middle class), and Class V (lower class). In cases where only one parent was alive or available, the classification was based on the available parent's data. If both parents were deceased or unavailable, the child's primary caregiver (e.g., grandparent, aunt, or legal guardian) was used as a proxy, applying the same scoring criteria. For statistical analysis, the five social classes were collapsed into three categories: high (classes I and II), middle (class III), and low (classes IV and V).



Age

The age was established as the child's age on their last birthday.



Sex

Sex was determined as male or female.



Maternal oral health knowledge

Parental oral health knowledge was assessed using an instrument that had been used in a prior study (17). This study focused on data collected from mothers, who responded to eight statements on caries diagnosis and prevention using a five-point Likert scale ranging from “strongly agree” to “do not know”. Statements covered topics such as fluoride use, sugar consumption, sealants, and the importance of regular dental visits.

Responses of “strongly agree” and “agree” were considered correct, with scores assigned from 5 (strongly agree) to 1 (do not know). Non-responses were scored as 1. Each participant could obtain a minimum score of 8 and a maximum of 40. The mean score of the group was used to determine the cut-off point. Mothers scoring 15 and above were classified as having good oral health knowledge, while those scoring 14 or below were categorized as having poor oral health knowledge.



Child's toothbrushing frequency

The mothers or guardians were asked how often their child's teeth were brushed, with response options ranging from “Irregularly or never” to “twice a day or more” and “No response”. Acceptable levels, defined as “twice a day or more”. Acceptable level of behaviour was coded “1” and others as “0”.



Children's use of fluoridated toothpaste

In addition, questions were asked on the regularity of using fluoridated toothpaste when brushing their teeth. They could respond with one of the following options: “Always”, “Quite often”, “Seldom”, or “Not at all”. The acceptable level of use of fluoridated toothpaste was “always/quite often. Acceptable level of behaviour was coded “1” and others as “0”.




Independent variable


Maternal cultural belief in jẹ̀díjẹ̀dí

To assess whether caregivers actively take steps to protect their children from jẹ̀díjẹ̀dí, participants were asked a direct question regarding their preventive measures. They were specifically asked whether they were taking any actions to safeguard their child from jẹ̀díjẹ̀dí, with response options categorized as “Yes” or “No”. All “No Responses” were treated as “No”.





Data analysis

The dataset comprised both categorical and numerical variables. For variables with less than 5% missing data, a complete case analysis was performed under the assumption that the missing values were completely random (MCAR). For variables with 5%–15% missingness, diagnostic tests (Little's MCAR test and examination of missingness patterns using cross-tabulations and logistic regression) were conducted to evaluate the missingness mechanism. Where these diagnostics suggested missingness was ignorable (MCAR or MAR), numerical data were imputed using the median, while categorical data were imputed using the mode to preserve data integrity (24). Variables with more than 15% missingness were carefully assessed, using the same diagnostics. If missingness was determined to be non-random (likely MNAR) or strongly associated with key variables, sensitivity analyses were conducted to evaluate its potential impact on the findings (e.g., comparing complete case analysis to analyses using different plausible imputation values or excluding the variable) (24). Analyses using imputed data were compared with complete case analyses to ensure consistency in results.

In addition, preliminary screening for multicollinearity was conducted using Pearson correlation coefficients for continuous variables (child's age, maternal age). For categorical variables (socioeconomic status, sex), variance inflation factors (VIFs) were computed post-model specification. Variables with a correlation exceeding 0.7 were removed. All VIF values in the final logistic regression models were <5 (mean VIF range: 1.2–1.8), well below the threshold of 10, indicating no severe multicollinearity. Standard errors were examined for instability, with no anomalies detected. Models were re-run, excluding variables with moderate correlations (maternal age and socioeconomic status). Results for the primary exposure (jẹ̀díjẹ̀dí belief) remained non-significant (AOR range: 1.10–1.42; p > 0.05), confirming robustness. Hierarchical regression (contextual → child-level → mother-level variables) ensured coefficient stability during covariate introduction.

Three separate multivariable logistic regression models were constructed to assess the associations between the independent variable (maternal cultural belief in jẹ̀díjẹ̀dí) and the three oral health outcomes (age of sugar introduction, frequency of refined carbohydrate consumption, and ECC experience). The analysis was conducted in a stepwise manner, with each level of variables introduced sequentially, followed by a final model that includes all variables. The three levels of variables were: contextual (socioeconomic status of the child), child-related (age, sex, frequency of use of fluoridated toothpaste, twice daily tooth brushing or more), and mother-related (maternal knowledge of caries prevention, and age of mother). Each table provides odds ratios (OR), adjusted odds ratios (AOR), 95% confidence intervals (CI), and p-values for each variable. Statistical significance was set at p < 0.05. Model fit was evaluated using the Hosmer-Lemeshow test (all p > 0.05), and Nagelkerke's R2 values (range: 0.08–0.22) indicated acceptable explanatory power. Residual analyses revealed no influential outliers. The analysis was conducted using SPSS v. 25.




Results

Table 1 shows the data of the 878 mother-child dyads with enough information for the data analysis to ensure the validity of multivariable regression models. Of these, 538 (61.3%) children were introduced to sugar before the age of one year, 202 (23.0%) children consumed sugar more than three times a day, and 70 children had ECC. In addition, 713 (81.2%) of mothers believed in jẹ̀díjẹ̀dí.



TABLE 1 Frequencies of responses to questions related to maternal knowledge [N = 878].



	Variables
	Number
	Percentage





	Maternal cultural belief in jẹ̀díjẹ̀dí



	Yes
	713
	81.2



	No
	165
	18.8



	Age of introduction of sugar into the diet



	≤1 year
	538
	61.3



	>1 year
	340
	38.7



	Frequency of refined carbohydrate consumption between meals daily



	<3 times a day
	676
	77.0



	≥3 times a day
	202
	23.0



	ECC experience



	Yes
	70
	8.0



	No
	808
	92.0







The mean age of the children was 2.7 years (±1.5 SD). Of the 878 children, 421 (47.9%) were males and 457 (52.1%) were females. Most children (73.0%, n = 641) used fluoridated toothpaste, though only 102 (11.6%) brushed their teeth ≥2 times/day. Mothers had a mean age of 30.9 years (±5.8 SD) and a mean knowledge score of 19.1 (±9.8 SD) for caries prevention.

Table 2 shows that at the contextual level, the SES of the child was a significant predictor of ECC. In the unadjusted model, children from middle and high socioeconomic backgrounds had lower odds of developing ECC compared to those from low SES backgrounds. However, only children from high SES had statistically significantly lower odds of having developed ECC (OR: 0.472; p = 0.027).



TABLE 2 Logistic regression analysis for the association between maternal cultural belief and early childhood caries [N = 838].



	Variables
	Total (n, %)
	1st level: contextual
	2nd level: child's variables
	3rd level: mother's variables
	All variables in the final model



	OR
	95% Confidence interval
	OR
	95% Confidence interval
	OR
	95% Confidence interval
	AOR
	95% Confidence interval



	LL
	UL
	p value
	LL
	UL
	p value
	LL
	UL
	p value
	LL
	UL
	p value





	Socioeconomic status (Child)LowMiddleHigh
	200 (22.8)354 (40.3)324 (36.9)
	1.0000.8470.472
	0.4740.243–
	1.5130.918–
	0.5750.027–
	–––
	–––
	–––
	–––
	–––
	–––
	–––
	–––
	1.0000.8170.410
	0.4500.200–
	1.4830.839–
	0.5060.015–



	Age (Child)
	2.7 (SD 1.5)
	–
	–
	–
	–
	1.529
	1.266
	1.846
	<0.001
	–
	–
	–
	–
	1.592
	1.307
	1.941
	<0.001



	Sex (Child)MaleFemale
	421 (47.9)457 (52.1)
	––
	––
	––
	––
	1.0411.000
	0.634–
	1.709–
	0.874–
	––
	––
	––
	––
	1.0481.000
	0.636–
	1.727–
	0.855–



	Use of fluoridated toothpaste (Child)YesNo
	641 (73.0)237 (27.0)
	––
	––
	––
	––
	1.0000.906
	0.494–
	1.659–
	0.748–
	––
	––
	––
	––
	1.0000.872
	0.461–
	1.651–
	0.674–



	Twice daily tooth brushing or more (Child)YesNo
	102 (11.6)776 (88.4)
	––
	––
	––
	––
	1.0000.718
	0.350–
	1.474–
	0.367–
	––
	––
	––
	––
	1.0000.665
	0.312–
	1.416–
	0.290–



	Age (mother)
	30.9 (SD 5.8)
	–
	–
	–
	–
	–
	–
	–
	–
	0.991
	0.950
	1.034
	0.588
	0.973
	0.931
	1.018
	0.238



	Maternal knowledge of caries prevention
	19.1 (9.8)
	–
	–
	–
	–
	–
	–
	–
	–
	0.997
	0.973
	1.022
	0.832
	1.007
	0.979
	1.036
	0.612



	Maternal cultural belief in jẹ̀díjẹ̀díYesNo
	758 (80.0)193 (20.0)
	––
	––
	––
	––
	––
	––
	––
	––
	1.1381.000
	0.596–
	2.174–
	0.695–
	1.0021.000
	0.516–
	1.947–
	0.995–







At the child level, the age of the child was a strong predictor, with older children having higher odds of ECC: for every year increase in age, the odds of ECC increased by 52% (p < 0.001) in the unadjusted model. The sex of the child was not significantly associated with ECC. The use of fluoridated toothpaste and the frequency of tooth brushing were not significantly associated with ECC.

At the mother level, neither the mother's age nor her knowledge of caries prevention was significantly associated with ECC. Maternal cultural belief in jẹ̀díjẹ̀dí also showed no significant association with ECC (OR = 1.138; p = 0.695) in the unadjusted model.

In the final adjusted model, maternal cultural belief in jẹ̀díjẹ̀dí showed no significant association with ECC (AOR:1.002; 95% CI: 0.516–1.947; p = 0.995).

Table 3 shows that no statistically significant associations exist between SES and the age of introduction of sugar into the diet of the child. However, the age of the child was significantly associated with the timing of sugar introduction: the odds of introducing sugar at one year or later increased by 17% for each additional year of age (OR: 1.170; p = 0.001) in the unadjusted model. Children who used fluoridated toothpaste had significantly higher odds of introducing sugar at one year or later compared to those who did not (OR: 0.592; p = 0.002). In addition, children who brushed their teeth twice daily or more had significantly higher odds of introducing sugar at one year or later (OR: 0.588; p = 0.014), and mothers with higher knowledge of caries prevention had slightly higher odds of introducing sugar at one year or later (OR: 1.016; p = 0.023). The sex of the child, age of the mother, and maternal belief in jẹ̀díjẹ̀dí did not show a significant association with the timing of sugar introduction.



TABLE 3 Logistic regression analysis for the association between maternal cultural belief and the age of introduction of sugar into the diet of the child (one year or after) [N = 838].



	Variables
	Total (n, %)
	1st level: contextual
	2nd level: child's variables
	3rd level: mother's variables
	All variables in the final model



	OR
	95% Confidence interval
	OR
	95% Confidence interval
	OR
	95% Confidence interval
	AOR
	95% Confidence interval



	LL
	UL
	p value
	LL
	UL
	p value
	LL
	UL
	p value
	LL
	UL
	p value





	Socioeconomic status (Child)LowMiddleHigh
	222 (23.2)379 (39.6)350 (37.2)
	1.0001.2031.187
	0.8400.823–
	1.7231.710–
	0.3140.359–
	–––
	–––
	–––
	–––
	–––
	–––
	–––
	–––
	1.0001.1621.030
	0.8030.695–
	1.6811.526–
	0.4270.882–



	Age (Child)
	2.7 (SD 1.5)
	–
	–
	–
	–
	1.170
	1.063
	1.288
	0.001
	–
	–
	–
	–
	1.197
	1.084
	1.322
	<0.001



	Sex (Child)MaleFemale
	457 (48.1)494 (51.9)
	––
	––
	––
	––
	0.9531.000
	0.722–
	1.258–
	0.734–
	––
	––
	––
	––
	0.9601.000
	0.727–
	1.269–
	0.776–



	Use of fluoridated toothpaste (Child)YesNo
	686 (72.3)265 (27.7)
	––
	––
	––
	––
	1.0000.592
	0.424–
	0.826–
	0.002–
	––
	––
	––
	––
	1.0000.628
	0.444–
	0.888–
	0.009–



	Twice daily tooth brushing or more (Child)YesNo
	108 (11.3)843 (88.7)
	––
	––
	––
	––
	1.0000.588
	0.385–
	0.897–
	0.014–
	––
	––
	––
	––
	1.0000.627
	0.405–
	0.969–
	0.036–



	Age (mother)
	30.9 (SD 6.3)
	–
	–
	–
	–
	–
	–
	–
	–
	0.988
	0.965
	1.012
	0.336
	0.979
	0.955
	1.003
	0.090



	Maternal knowledge of caries prevention
	19.1 (9.8)
	–
	–
	–
	–
	–
	–
	–
	–
	1.016
	1.002
	1.030
	0.023
	1.009
	0.994
	1.025
	0.233



	Maternal cultural belief in jẹ̀díjẹ̀díYesNo
	758 (80.0)193 (20.0)
	––
	––
	––
	––
	––
	––
	––
	––
	1.2561.000
	0.880–
	1.793–
	0.209–
	1.1191.000
	0.776–
	1.614–
	0.547–







In the final adjusted model, maternal cultural belief in jẹ̀díjẹ̀dí showed no significant association with the age of introduction of sugar into the diet of the children (AOR:1.119; 95% CI: 0.776–1.614; p = 0.547) although mothers with cultural beliefs in jẹ̀díjẹ̀dí had higher odds of introducing sugar into the diet of their children at one year or later.

Table 4 indicates that there was no significant association between the SES, age, and sex of the child, daily use of fluoridated toothpaste, maternal age, and maternal cultural belief in jẹ̀díjẹ̀dí and the frequency of consumption of refined carbohydrate in-between-meals less than three times a day. However, maternal knowledge of caries prevention was strongly associated with reduced frequency of consumption of refined carbohydrates in-between meals, less than three times a day (OR: 0.952; p < 0.001).



TABLE 4 Logistic regression analysis for the association between maternal cultural belief and the frequency of refined carbohydrates consumption in-between-meals daily (less than three times a day) [N = 838].



	Variables
	Total (n, %)
	1st level: contextual
	2nd level: child's variables
	3rd level: mother's variables
	All variables in the final model



	OR
	95% Confidence interval
	OR
	95% Confidence interval
	OR
	95% Confidence interval
	AOR
	95% Confidence interval



	LL
	UL
	p value
	LL
	UL
	p value
	LL
	UL
	p value
	LL
	UL
	p value





	Socioeconomic status (Child)LowMiddleHigh
	222 (23.2)379 (39.6)350 (37.2)
	1.0000.7670.830
	0.5030.539–
	1.1711.279–
	0.2190.398–
	–––
	–––
	–––
	–––
	–––
	–––
	–––
	–––
	1.0000.8551.288
	0.5520.804–
	1.3242.063–
	0.4830.293–



	Age (Child)
	2.7 (SD 1.5)
	–
	–
	–
	–
	0.944
	0.847
	1.052
	0.300
	–
	–
	–
	–
	0.913
	0.813
	1.024
	0.119



	Sex (Child)MaleFemale
	457 (48.1)494 (51.9)
	––
	––
	––
	––
	0.9591.000
	0.699–
	1.314–
	0.793–
	––
	––
	––
	––
	0.9111.000
	0.658–
	1.262–
	0.575–



	Use of fluoridated toothpaste (Child)YesNo
	686 (72.3)265 (27.7)
	––
	––
	––
	––
	1.0001.218
	0.837–
	1.770–
	0.303–
	––
	––
	––
	––
	1.0000.916
	0.609–
	1.376–
	0.671–



	Twice daily tooth brushing or more (Child)YesNo
	108 (11.3)843 (88.7)
	––
	––
	––
	––
	1.0000.783
	0.466–
	1.318–
	0.358–
	––
	––
	––
	––
	1.0000.537
	0.311–
	0.927–
	0.026–



	Age (mother)
	30.9 (SD 6.3)
	–
	–
	–
	–
	–
	–
	–
	–
	0.977
	0.950
	1.005
	0.104
	0.980
	0.952
	1.009
	0.172



	Maternal knowledge of caries prevention
	19.1 (9.8)
	–
	–
	–
	–
	–
	–
	–
	–
	0.952
	0.936
	0.967
	<0.001
	0.940
	0.923
	0.958
	<0.001



	Maternal cultural belief in jẹ̀díjẹ̀díYesNo
	758 (80.0)193 (20.0)
	––
	––
	––
	––
	––
	––
	––
	––
	1.3861.000
	0.832–
	2.063–
	0.107–
	1.4121.000
	0.942–
	2.115–
	0.095–







In the final adjusted model, maternal cultural belief in jẹ̀díjẹ̀dí showed no significant association with the frequency of consumption of refined carbohydrate in-between-meals less than three times a day (AOR:1.412; 95% CI: 0.942–2.115; p = 0.095) although mothers with cultural beliefs in jẹ̀díjẹ̀dí had higher odds of having children whose frequency of consumption of refined carbohydrate in-between meals was less than three times a day.



Discussion

This study aimed to assess whether maternal belief in jẹ̀díjẹ̀dí influences the age of sugar introduction, frequency of sugar consumption, and ECC prevalence among children aged 6 to 71 months. The findings revealed that maternal belief in jẹ̀díjẹ̀dí was not significantly associated with ECC. In addition, maternal belief in jẹ̀díjẹ̀dí seemed to increase the odds for delaying the introduction of sugar into the child's diet, and the odds for less frequency of daily consumption of refined carbohydrate in-between meals, though the findings were not statistically significant.

The study has several strengths, including its large sample size and the use of a multi-stage random sampling method, which enhances the generalizability of the findings to the population of Ile-Ife, Nigeria. Its focus on cultural beliefs, such as jẹ̀díjẹ̀dí, adds a unique dimension to understanding how traditional practices may influence dietary habits and oral health outcomes. The use of validated tools, such as the dmft index for caries assessment and an adapted socioeconomic status index, further strengthens the study's methodological rigor. However, the cross-sectional design limits the ability to establish causal relationships between maternal belief in jẹ̀díjẹ̀dí and ECC. The reliance on self-reported data for sugar consumption, including the timing of sugar introduction and oral hygiene practices, may have introduced recall bias, potentially affecting data accuracy. Additionally, the study's cultural specificity may limit the generalizability of its findings to populations with different belief systems. The modest prevalence of ECC observed—though higher than the 4.3% estimate used for sample size calculation—may have constrained the power to detect subtle associations with cultural beliefs. Other influential factors, such as access to dental care or community-level interventions, were not explored. Despite these limitations, the study provides valuable insights into how culturally informed strategies could support ECC prevention in similar contexts.

The key highlight of the study is the exploration of jẹ̀díjẹ̀dí as a cultural phenomenon that may indirectly influence oral health by reducing sugar consumption. Although the study did not find a direct association between jẹ̀díjẹ̀dí and ECC, it did reveal that mothers who believed in jẹ̀díjẹ̀dí were more likely to delay the introduction of sugar into their children's diets and to reduce the frequency of daily refined carbohydrate consumption. This trend is consistent with earlier ethnographic accounts by Brieger (9) and Omotade et al. (25), who described jẹ̀díjẹ̀dí as a culturally driven rationale for restricting sugar and fatty foods in children due to perceived gastrointestinal risks. However, those earlier studies did not quantitatively assess the dietary timing or dental caries outcomes linked to this belief. The divergence between the qualitative alignment and the lack of strong protective association in our findings may reflect shifts in cultural adherence due to modernization or methodological differences, such as the reliance on self-reported recall in our cross-sectional study rather than longitudinal observation. Nonetheless, the observed trend highlights the potential value of culturally grounded beliefs like jẹ̀díjẹ̀dí in informing public health interventions aimed at improving childhood nutrition and oral health outcomes. This finding underscores the potential of integrating traditional cultural beliefs into public health strategies to promote healthier dietary practices.

In addition, our finding that maternal belief in jẹ̀díjẹ̀dí was associated with a non-significant reduction in between-meal refined carbohydrate consumption offers partial support for the hypothesis proposed by Brimah and Adigun (10), who suggested that cultural beliefs like jẹ̀díjẹ̀dí may promote sugar restriction and thus indirectly reduce caries risk. While our results align directionally with this proposition, they fall short of statistical significance. The lack of a significant association in our study may be because the study was not primarily powered to detect this association. Nonetheless, these findings highlight the potential value of exploring culturally grounded practices as a foundation for dietary behaviour change in oral health interventions.

Our analysis also found no significant association between maternal belief in jẹ̀díjẹ̀dí and ECC. This finding aligns with existing literature that, while acknowledging the role of Yoruba cultural practices in shaping oral health behaviours, has not specifically examined jẹ̀díjẹ̀dí about caries outcomes (4, 26, 27). Previous studies exploring similar ethnomedical beliefs, such as the concept of “jedi-jedi” in Eastern Nigeria, have primarily focused on gastrointestinal conditions rather than oral diseases (11). The relatively low prevalence of ECC in our study population may have further limited the statistical power needed to detect subtle associations.

The study findings are suggestive of the role of indigenous practices in oral health and the need for the integration of cultural practices into oral healthcare systems. The integration of traditional cultural beliefs into public health strategies is increasingly recognized as a valuable approach to improving health outcomes, particularly in communities where traditional practices are deeply rooted (28, 29). This approach can enhance cultural relevance, foster trust, and increase the acceptance of public health interventions (29, 30). However, challenges arise when traditional beliefs or practices, such as the ethnomedical phenomenon known as jẹ̀díjẹ̀dí, lack a standardized framework for understanding or management. Jẹ̀díjẹ̀dí appears to be a culturally specific health phenomenon characterized by a constellation of symptoms, with interpretations and treatments varying widely, even within the same cultural context (9). This variability poses significant challenges for integrating jẹ̀díjẹ̀dí within a broader dental caries prevention program, as cultural sensitivity needs to be balanced with scientific rigor (29).

The PEN-3 model (12) offers a valuable framework for interpreting the findings. Within the Cultural Identity domain, the widespread belief in jẹ̀díjẹ̀dí among Yoruba mothers reflects a deeply rooted cultural perspective. However, its lack of significant association with lower ECC prevalence suggests that cultural identity alone is insufficient to drive behavioural change, especially when other factors like socioeconomic status or oral hygiene practices are at play. In the Relationships and Expectations domain, maternal belief that sugar causes jẹ̀díjẹ̀dí appeared to encourage reduced sugar intake for children, aligning with protective behaviours. Although these associations were not statistically significant, they indicate a cultural belief shaping behavioural intentions. Still, the impact may be weakened by inconsistent enablers, such as limited support or access to healthier alternatives, and the unmeasured influence of nurturers like elders and traditional healers. The Cultural Empowerment domain recognized jẹ̀díjẹ̀dí as a positive, culturally meaningful belief that promotes sugar restriction. However, it also revealed a key limitation: the absence of a direct link to oral health. This gap reduces its effectiveness in promoting broader caries-preventive behaviours such as regular toothbrushing or fluoride use. To enhance its impact, future interventions should integrate jẹ̀díjẹ̀dí into oral health messaging, involve community nurturers, and strengthen supportive environments that enable behaviour change for ECC prevention.

Although no previous studies have directly investigated the relationship between jẹ̀díjẹ̀dí and ECC, our study helps bridge existing ethnographic insights on the dietary implications of jẹ̀díjẹ̀dí with quantitative epidemiological data on dental caries. While the belief is traditionally associated with sugar-related dietary caution, our findings revealed no significant protective association between maternal belief in jẹ̀díjẹ̀dí and ECC. This divergence from expectations may reflect a combination of factors, including the possible erosion of traditional beliefs due to modernization, methodological limitations such as the cross-sectional design and recall bias, and the relatively low prevalence of ECC in Nigeria compared to global rates (31), which may reduce the statistical power to detect subtle associations.

To build on these findings, future research should adopt longitudinal designs to explore causal pathways between cultural beliefs, dietary behaviours, and oral health outcomes. Mixed-methods studies could provide deeper context on how jẹ̀díjẹ̀dí is interpreted and practiced in contemporary communities. In addition, comparative multi-country research examining analogous cultural beliefs, such as jedijedi in Eastern Nigeria or “empacho” in Latin America (32–35), could offer broader insights into how traditional health concepts shape oral health across different settings.

Care must, however, be taken to prevent promoting traditional remedies for dental caries management, as this may further delay access to professional dental care (4, 36). If jẹ̀díjẹ̀dí is not perceived as related to oral health, its influence on caries prevention may be negligible, as it does traditional management does not inherently promote a reduction in refined carbohydrate intake for dental caries prevention.

Despite this challenge, the integration of traditional beliefs like jẹ̀díjẹ̀dí into public health strategies also presents opportunities (37). These traditional beliefs must be recognized and somehow incorporated into health education efforts, although orthodox health practitioners are often uncomfortable doing this (38). Collaborating with traditional healers to better understand jẹ̀díjẹ̀dí and co-develop management strategies could foster trust and improve the cultural relevance of public health programs. Involving communities in research to explore the aetiology, symptoms, and management of jẹ̀díjẹ̀dí could help bridge the gap between traditional and biomedical perspectives. This approach could also identify culturally appropriate ways to address oral health within the context of jẹ̀díjẹ̀dí. Public health programs could incorporate education about oral health into discussions of jẹ̀díjẹ̀dí, helping to align traditional beliefs with preventive health practices. For example, traditional healers could be trained to promote oral hygiene as part of their management of jẹ̀díjẹ̀dí.

In conclusion, the study provides valuable insights into the complex interplay between cultural beliefs and oral health outcomes. While jẹ̀díjẹ̀dí was not significantly associated with ECC, its association with delayed sugar introduction into the diet of the child and less frequency of consumption of refined carbohydrates daily highlights the potential for culturally sensitive public health interventions. For the ECC prevention program, this might involve tailoring oral health messages to align with local understandings of jẹ̀díjẹ̀dí, ensuring that preventive practices are both culturally relevant and scientifically sound. Future research should explore longitudinal designs to better understand the causal relationships between cultural beliefs, dietary practices, and ECC, as well as the role of other environmental and community-level factors in shaping oral health behaviours.
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Background: Individuals with hearing impairments face significant barriers in accessing oral health information, which may negatively influence their oral hygiene practices and outcomes. This study aimed to compare oral health knowledge and dental behavior between individuals with and without hearing impairments in Jordan.



Methods: A cross-sectional comparative study was conducted among 289 participants, comprising 149 individuals with hearing impairments and 140 individuals without hearing impairments. A validated, self-designed closed-ended questionnaire assessed participants’ oral health knowledge and behaviors. Convenience sampling was employed to recruit participants from centers associated with hearing impairment. Data were analyzed using SPSS® version 22, with a significance level set at P < 0.05. Chi-square tests and contingency table analyses assessed group differences.



Results: Individuals with hearing impairments demonstrated significantly less knowledge regarding toothbrush hardness, frequency of brushing, the importance of routine dental visits, and recognition of gum disease signs (P < 0.05). A smaller proportion of the hearing-impaired group brushed their teeth once or twice daily (82.8% vs. 93.3%, P < 0.001), used dental floss and mouthwash, consumed soda more frequently (P < 0.001), and reported using fluoridated toothpaste compared to individuals without hearing impairments (P < 0.05).



Conclusions: The substantial gaps in oral health knowledge and practices among individuals with hearing impairments highlight the need for targeted educational interventions. Culturally sensitive tools, such as visual aids, videos, and tailored oral health programs, could improve hygiene practices, reduce disease risk, and enhance the quality of life in this underserved population.
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Introduction

Hearing impairment is the third most common disability worldwide (1). Its etiology may be hereditary, congenital, or acquired, and it can present as conductive, sensorineural, mixed, or central hearing loss. The severity of hearing impairment ranges from mild (less than 40 decibels) to profound (greater than 40 decibels), and it may occur prelingually, perilingually, or postlingually, depending on the timing relative to language acquisition (2). According to the World Health Organization (WHO), over 5% of the global population—432 million adults and 34 million children—live with hearing loss that requires intervention. By 2050, this number is projected to rise to over 700 million, affecting approximately 1 in 10 people (3).

Studies have consistently demonstrated that individuals with hearing impairments exhibit poorer oral hygiene compared to the general population, primarily due to limited access to oral health information and communication barriers (4, 5). Bhadauria et al.'s study (6), conducted in India, surveyed 500 individuals with hearing difficulties and found that they had a 30% higher prevalence of caries compared to the general population. Cannobbio et al.'s study, conducted in Italy, found that individuals with hearing difficulties were 20% less likely to utilize preventive dental services compared to those without hearing impairments.

Because health information is frequently delivered verbally, people with hearing loss may not receive or fully comprehend oral health guidance, contributing to lower health awareness and higher rates of oral disease (7, 8). In particular, difficulties in understanding dental terminology, oral hygiene practices, and the importance of routine care hinder their ability to maintain their oral health. Every individual has unique sensing skills, which influence their degree of understanding. Studies from high-income countries demonstrate that children with hearing impairments have significantly poorer oral hygiene than their hearing peers. A systematic review reported mean plaque and gingival index scores of 0.99 and 1.27, respectively, among individuals with hearing loss (3). Visually based interventions have shown efficacy in improving outcomes—for example, a UK-based randomized controlled trial (RCT) demonstrated that video instruction reduced plaque and gingival indices by 0.37 and 0.39, respectively, in this population (9).

Oral health knowledge, which encompasses understanding the significance of regular brushing, appropriate toothbrush selection, brushing techniques, dietary habits, and the importance of routine dental visits, is crucial for maintaining good oral health. Communication barriers often hinder individuals with hearing impairments from obtaining this information effectively (10). Health promotion strategies, including the use of visual aids and tailored educational programs, have been shown to improve knowledge and facilitate positive behavior change (11, 12). A randomized controlled trial in the UK demonstrated that visual instruction significantly reduced plaque and gingival indices in children with hearing impairments (13).

Despite the recognized link between oral health literacy, behavior, and clinical outcomes, there is limited data on the oral health knowledge and practices of individuals with hearing impairments in Jordan. Dentists may also encounter challenges in providing care to this group due to communication difficulties and limited training in accommodating their needs.

This study aims to assess oral health knowledge and dental behavior among individuals with hearing impairments compared to those without hearing impairments in Jordan. The findings are expected to provide a baseline for developing targeted interventions that enhance oral health awareness and outcomes in this underserved population.



Materials and methods

A researcher-developed questionnaire in Arabic, the official language in Jordan, was used to assess oral health knowledge and dental behavior among individuals with hearing impairments. The content validity of the questionnaire was established by two professional experts. The average congruency percentage (ACP) was calculated, which reflects the level of agreement among the expert panel members. The ACP was 92%, which indicates that the questionnaire was deemed to be valid by the professional experts and the items of the questionnaire were relevant and appropriate for this study. The consistency of the questionnaire was assessed by test–retest reliability, which was done by administering the same questionnaire twice to the same participants (n = 10). The internal reliability of the questionnaire was assessed using Cronbach's alpha coefficient, with an acceptable internal consistency of 0.75, indicating that the items in the questionnaire are related to each other. A pilot test for this study was conducted by administering the questionnaire to 10 caregivers of individuals with hearing impairments to provide feedback on the questionnaire’s content, clarity, and format. The questionnaire includes three parts. The first part focused on demographic information and included five items related to basic demographic information. In the second part, there were 12 items that evaluated the participant's oral health knowledge. Finally, in the third part, there were seven items that assessed the participant's dental behavior. The severity of a participant’s hearing impairment was objectively classified based on diagnostic records obtained from files provided by the school’s or center’s administrators. Thus, the severity was not self-reported but determined by professional clinical examination and documented in official records. Participants with hearing impairments were recruited from special-care centers and schools across Jordan through convenience sampling, which may have introduced selection bias. The participants were required to have basic reading ability in Arabic as part of the inclusion criteria to ensure consistent understanding and independent completion of the questionnaire.

The institutions were identified through the Ministries of Social Development and Education. Participation was contingent on the willingness of the administrators to distribute the questionnaire. A printed copy of the questionnaire and a cover letter explaining the study were distributed to the participants. Individuals who were literate completed the form themselves, while caregivers assisted those who were not. A group of individuals without hearing impairments was recruited from the same geographical areas using convenience sampling, which may have introduced selection bias. They were not matched by age or socioeconomic status, which may have affected comparability between the groups.

G*Power Sample Size Calculator software was used for the sample size calculation, with an 80% power and a margin of error of 5% based on Alshatrat et al. (14). The minimum sample size required for this study was 139 for each group.

A total of 200 questionnaires were sent to individuals with hearing impairment, of which 149 were completed and returned. In addition, 140 completed questionnaires from the individuals without hearing impairment were returned out of the 200 sent.

Data were collected and analyzed using the IBM SPSS Statistics for Windows Version 25.0 (IBM Corp., NY, USA; https://www.ibm.com). We conducted a descriptive statistical analysis of the sociodemographic characteristics and responses to the questions. The results are presented in terms of numbers and proportions. Intergroup comparisons were performed using two-tailed chi-square tests. Results were considered statistically significant at p < 0.05.



Results

The study included 289 participants, with 149 individuals with hearing impairments (HI group) and 140 individuals without hearing impairments. The mean age of the participants was 15 years, with most participants under 18 years. In the HI group, 57.1% had a severe hearing impairment, and 32.9% had a moderate impairment. Additional sociodemographic characteristics, including gender distribution, education level, and family income, are detailed in Table 1.



TABLE 1 Sociodemographic characteristics of the participants with hearing impairments and those without hearing impairments.



	Characteristic
	Hearing-impaired group, n (%)
	Without hearing impairment group, n (%)





	Sex



	Male
	73 (52.1)
	100 (67.1)



	Female
	67 (47.9)
	49 (32.9)



	Age



	<18
	123 (87.9)
	149 (100)



	18–40
	13 (9.3)
	0 (0)



	>40
	4 (2.9)
	0 (0)



	Education



	Elementary
	96 (68.6)
	132 (88.6)



	Middle school
	32 (22.9)
	17 (11.4)



	High school
	7 (5)
	0 (0)



	College and higher
	4 (2.8)
	0 (0)



	Family income (JD)



	<250
	71 (50.7)
	2 (1.3)



	250–500
	63 (45)
	70 (47.0)



	500–1,000
	4 (2.9)
	64 (43.0)



	>1,000
	2 (1.4)
	13 (8.7)



	Insurance



	Yes
	95 (67.9)
	100 (67.1)



	No
	45 (32.1)
	49 (32.9)







Regarding oral health knowledge, the analysis revealed no statistically significant differences between the HI group and those without hearing impairments in their understanding of plaque formation, caries etiology, the effects of sugar and soft drinks, and the relationship between oral health and general health (P > 0.05). However, notable differences were observed in other areas.

The individuals with hearing impairments were significantly less likely to know that gums should not bleed or swell during brushing (P < 0.001). They also demonstrated poorer knowledge regarding toothbrush hardness, with 77.1% of the HI group incorrectly believing that a hard toothbrush is needed to clean teeth, compared to only 4.7% of the individuals without hearing impairments (P < 0.001). In addition, 54.3% of the HI group thought dental visits were only necessary in the presence of a toothache, compared to 21.5% of the individuals without hearing impairments (P < 0.001). Notably, the HI group showed higher awareness regarding the necessity of dental floss use (87.9% vs. 75.8%, P = 0.019), possibly reflecting targeted health messages at the centers from which the participants were recruited. Full details of the oral health knowledge responses are presented in Table 2.



TABLE 2 Oral health knowledge among individuals with hearing impairments compared to those without hearing impairments.



	Questions
	Hearing impaired, n (%)
	Without hearing impairments, n (%)
	P-value





	1. Dental plaque is formed by colonizing bacteria



	 Yes
	66 (48.5)
	90 (60.4)
	0.069



	 No
	9 (6.6)
	4 (2.7)



	 Do n't know
	61 (44.9)
	55 (36.9)



	2. Dental caries are mainly caused by bacteria



	 Yes
	95 (67.9)
	117 (79.1)
	0.073



	 No
	22 (15.7)
	18 (12.2)



	 Do n't know
	23 (16.4)
	13 (8.8)



	3. Eating sugar can lead to dental caries



	 Yes
	135 (98.5)
	140 (94.0)
	0.080



	 No
	1 (0.7)
	8 (5.4)



	 Do n't know
	1 (0.7)
	1 (0.7)



	4. Drinking soft drinks affects dental health



	 Yes
	124 (88.6)
	141 (94.6)
	0.126



	 No
	7 (5.0)
	5 (3.4)



	 Do n't know
	9 (6.4)
	3 (2.0)



	5. Is there any relationship between oral health and overall health?



	 Yes
	111 (79.9)
	125 (83.9)
	0.620



	 No
	19 (13.7)
	15 (10.1)



	 Do n't know
	9 (6.5)
	9 (6.0)



	6. It is normal for your gums to bleed during brushing



	 Yes
	58 (42.0)
	31 (20.8)
	0.000*



	 No
	62 (44.9)
	112 (75.2)



	 Do n't know
	18 (13.0)
	6 (4.0)



	7. It is normal for your gums to be red



	 Yes
	16 (11.4)
	49 (32.9)
	0.000*



	 No
	119 (85)
	89 (59.7)



	 Do n't know
	5 (3.6)
	11 (7.4).



	8. It is normal for your gums to be swollen



	 Yes
	120 (85.7)
	5 (3.4)
	0.000*



	 No
	19 (13.6)
	139 (93.3)



	 Do n't know
	1 (0.7)
	5 (3.4)



	9. Brushing your teeth regularly protects your teeth



	 Yes
	120 (86.3)
	142 (95.3)
	0.021*



	 No
	16 (11.5)
	6 (4.0)



	 Do n't know
	3 (2.2)
	1 (0.7)



	10. You need to visit a dentist only when you have a toothache



	 Yes
	75 (54.3)
	32 (21.5)
	0.000*



	 No
	31 (22.5)
	116 (77.9)



	 Do n't know
	32 (23.2)
	1 (0.7)



	11. You need a hard toothbrush to clean your teeth



	 Yes
	108 (77.1)
	7 (4.7)
	0.000*



	 No
	25 (17.9)
	136 (91.3)



	 Do n't know
	7 (5.0)
	6 (4.0)



	12. Dental floss is necessary to keep your teeth clean



	 Yes
	123 (87.9)
	113 (75.8)
	0.019*



	 No
	12 (8.6)
	20 (13.4)



	 Do n't know
	5 (3.6)
	16 (10.7)




	Bold and italic values indicates statistically significant difference at p ≤ 0.05.


	*Significant result, p < .05.







Regarding dental behavior, differences in habits were observed between groups. A smaller percentage of hearing-impaired individuals reported brushing their teeth once or twice daily compared to the individuals without hearing impairments (82.8% vs. 93.3%, P < 0.001). Although 91.3% of the HI group were able to brush their teeth independently, this figure was significantly lower than that of the individuals without hearing impairments, where 100% were able to do so (P = 0.001).

The use of dental floss, mouthwash, and fluoridated toothpaste was significantly lower among the individuals with hearing impairments (P < 0.05). For instance, only 5.8% of the HI group flossed daily compared to 16.8% of the individuals without hearing impairments (P = 0.009). Soda consumption was notably higher in the HI group (94.3% vs. 98.7% reporting no soda consumption; P < 0.001).

No significant differences were observed in the duration of brushing or the frequency of sweet consumption between the groups (P > 0.05). Detailed behavioral responses are provided in Table 3.



TABLE 3 Dental behavior among individuals with hearing impairments compared to those without hearing impairments.



	Variable
	Hearing impaired group, n (%)
	Without hearing impairment group, n (%)
	P-value





	How often do you brush?
	
	
	0.000*



	 Once or more
	116 (82.8)
	139 (93.3)



	 Occasionally
	24 (17.1)
	10 (6.8)



	Brushing ability
	
	
	0.001*



	 Completely without help
	125 (91.3)
	149 (100)



	 Completely with help
	12 (8.7)
	0 (0)



	How often do you floss your teeth?
	
	
	0.009*



	 Once or more a day
	8 (5.8)
	25 (16.8)



	 Occasionally
	128 (94.1)
	124 (83.2)



	How often do you use mouthwash?
	
	
	0.001*



	 Once or more a day
	16 (11.4)
	40 (26.8)



	 Occasionally
	124 (88.6)
	109 (73.2)



	Do you use fluoridated toothpaste?
	
	
	0.022*



	 Yes
	85 (61.2)
	113 (75.8)



	 No
	12 (8.6)
	6 (4.0)



	 Do n't know
	42 (30.2)
	30 (20.1)



	Frequency of eating sweets
	
	
	0.354



	 Once or more a day
	130 (97.1)
	141 (94.6)



	 Occasionally
	4 (2.9)
	8 (5.4)



	Frequency of drinking soda/day
	
	
	0.000*



	 1–2 cans
	132 (94.3)
	147 (98.7)



	 3–4 cans
	0 (0)
	2 (1.3)



	 None
	8 (5.7)
	0 (0)




	Bold and italic values indicates statistically significant difference at p ≤ 0.05.


	*Significant result, p < .05.









Discussion

Hearing impairment is widely recognized as a barrier to effective communication, affecting social interaction, educational attainment, and overall quality of life (15). According to WHO estimates, 1 in 10 people globally will experience hearing loss by 2050 (3). In Jordan, the prevalence of significant hearing loss among infants was reported at 1.5% in 2014 (16), with a study conducted in 2024 estimating hearing impairment in only 0.06% of individuals aged 12 and above (17). This lower prevalence, compared to other nations, may reflect differences in screening programs or reporting methods. Notably, most participants in the present study had a severe hearing impairment, likely reflecting the recruitment from specialized centers catering to individuals with greater needs.

The prevalence of dental caries and caries experience, rate of gingival bleeding, and dental trauma in children with hearing impairment is high compared to figures observed in studies conducted among Jordanian schoolchildren with normal hearing (18).

Dental diseases and oral health can significantly impact the quality of life of individuals, as oral health is considered a crucial component of overall health and wellbeing (19). Although hearing impairment can reduce or eliminate the ability to receive and comprehend oral instructions and health promotion information, appropriate education on oral health hygiene using verbal and visual aids has been found to improve their oral health status and positively influence their perception of their quality of life (20).

Nevertheless, investigations into awareness, knowledge, and dental practices among individuals with hearing impairments have not been carried out in Jordan. Hence, this study aimed to investigate the oral health knowledge and dental practices amongst a cohort of Jordanian individuals with hearing impairments. Such an investigation was deemed necessary to scrutinize and analyze the gaps that exist in oral health knowledge that may need to be bridged through the implementation of applicable recommendations among people with hearing impairments.

The study found that hearing-impaired individuals exhibited comparable knowledge to individuals without hearing impairments in several key areas, including the role of plaque and bacteria in dental caries, the effects of sugary foods and carbonated beverages, and the relationship between oral and general health (21). This contrasts with a previous study conducted in Saudi Arabia, in which many hearing-impaired individuals were unaware of oral health basics or preventive care (22). Such findings suggest that in Jordan, efforts to raise awareness, perhaps through school-based programs or center-led initiatives, may have achieved some success. However, significant differences were observed in other domains. Individuals without hearing impairments demonstrated superior knowledge regarding toothbrushing.

The prevalence of regular tooth brushing for good oral health was higher among the Jordanian participants in the current study compared to a similar cohort of hearing-impaired individuals in other countries in the region, such as Saudi Arabia and Iran (22, 23).

In addition, most of the participants with hearing impairments reported that the primary reason for visiting a dentist was due to symptomatic oral disease. In contrast, a significant majority of the individuals without hearing impairments stated they visit the dentist even in the absence of a toothache. This lack of awareness regarding the importance of regular dental visits for asymptomatic individuals may contribute to a decline in their oral health. Without timely intervention, early-stage dental diseases are less likely to be detected, leading to more advanced dental issues with distressing symptoms and poor prognoses. This finding aligns with previous research by Mustafa et al. (2018) and Suma et al. (2011) (22, 24). Furthermore, irregular dentist visits have been associated with increased morbidity linked to dental caries (25). This pattern may also lead to a greater economic burden related to oral healthcare for this population.

Moreover, the hearing-impaired participants were less likely to recognize bleeding or swollen gums as signs of disease. These gaps highlight potential shortcomings in how oral health education reaches this population.

Interestingly, the hearing-impaired individuals showed greater awareness of the necessity of dental floss and correctly identified that healthy gums should not be red. This discrepancy, superior knowledge in some areas but poorer behaviors, warrants further exploration. One possible explanation is the role of visual learning tools, such as posters or video demonstrations, which may emphasize certain concepts more effectively than others (26). Studies from high-income countries also support the efficacy of visual and interactive education for hearing-impaired individuals (27, 28). Another possibility is prior exposure to tailored educational interventions at the centers where participants were recruited, although this could not be confirmed in the current study.

Despite having greater knowledge of flossing, the participants with hearing impairments used floss, mouthwash, and fluoridated toothpaste less frequently than their peers.

This gap between knowledge and practice underscores the critical insight that knowledge alone does not consistently motivate compatible dental health behaviors. Barriers such as affordability, limited product availability, and misconceptions about preventive care could contribute to this discrepancy (29, 30). Similar findings have been reported in other populations where awareness of preventive measures did not translate into action (31).

Confounding factors, including socioeconomic status, education level, and school type (mainstream vs. special education), may also influence these results. For example, lower family income and limited access to health services—more common among individuals with hearing impairments—could restrict opportunities to apply oral health knowledge in practice (32).

The contradiction between participants’ acknowledgment of sweets and soft drinks as detrimental and their continued high consumption highlights a broader challenge in public health: bridging the gap between awareness and sustained behavioral change (24, 33). Such patterns reinforce the importance of multifaceted interventions that address not only knowledge but also accessibility, affordability, and cultural attitudes toward oral health (26, 27).

Studies consistently demonstrate that hearing-impaired populations tend to have poorer oral hygiene, higher rates of caries, and worse oral health-related quality of life than their hearing peers (34, 35). However, the findings from this study suggest that targeted educational programs incorporating visual aids and culturally sensitive materials may help address these disparities.

Similar approaches in high-income countries have shown promising results, improving oral hygiene behaviors and reducing plaque and gingival scores (26, 28).

Although the current study employed a validated questionnaire, its reliance on literacy may have limited its applicability to all individuals with hearing impairments. Future studies should consider alternative data collection tools tailored to this population, such as sign language interviews or pictorial questionnaires, to enhance inclusivity. In addition, participants with hearing impairments were recruited through convenience sampling, which may have introduced selection bias. Moreover, while data were collected from multiple centers in Jordan, the sample size could be expanded in future research to improve generalizability and allow for adjustments based on age, gender, and socioeconomic status.

To our knowledge, this is the first study in Jordan to investigate oral health knowledge and practices among individuals with hearing impairments. The findings provide a valuable baseline for designing interventions to reduce oral health disparities and promote equitable access to dental care.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.



Ethics statement

This study involving humans was approved by Jordan University of Science and Technology. This study was conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

SA: Project administration, Supervision, Methodology, Writing – review & editing, Validation, Investigation, Writing – original draft, Formal analysis, Software, Data curation, Funding acquisition, Resources, Conceptualization. WA-O: Writing – original draft, Writing – review & editing, Data curation, Conceptualization. AT: Data curation, Formal analysis, Writing – original draft, Writing – review & editing. MA: Writing – original draft, Writing – review & editing. SS: Writing – review & editing, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research was funded by Jordan University of Science and Technology Research (Grant no: 20170032).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References


	1. Cannobbio VC, Cartes-Velásquez R, McKee M. Oral health and dental care in deaf and hard of hearing population: a scoping review. Oral Health Prev Dent. (2020) 18(3):417–25. doi: 10.3290/j.ohpd.a44687


	2. Sharby N, Martire K, Iversen MD. Decreasing health disparities for people with disabilities through improved communication strategies and awareness. Int J Environ Res Public Health. (2015) 12:3301–16. doi: 10.3390/ijerph120303301


	3. World Health Organization. Deafness and Hearing Loss. Geneva: World Health Organization (2021). Available online at: https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss


	4. Babu NV, Moureen A. Comparative assessment of salivary osmolality as a caries risk indicator in cerebral palsy children. Int J Res Publ Sci IT Manag. (2017) 6(10):1–6.


	5. McKee M, Moreland C, Atcherson S, Zazove P. Hearing loss: communicating with the patient who is deaf or hard of hearing. FP Essent. (2015) 434:24–8.26161525


	6. Bhadauria US, Purohit B, Agarwal D, Priya H. Dental caries status in individuals with hearing difficulties: a systematic review and meta-analysis. Spec Care Dentist. (2023) 43(1):9–16. doi: 10.1111/scd.12745


	7. McKee M. Deaf or hard of hearing message recipient sociodemographic characteristics. In: Powers M, editor. Oxford Research Encyclopedia of Communication. Oxford: Oxford University Press (2017). Available online at: https://doi.org/10.1093/acrefore/9780190228613.013.353 (Accessed March 18, 2025).


	8. Purohit BM, Abhina S. Oral health status of 1-year-old children with disabilities and control in southern India. WHO South East J Public Health. (2012) 1(3):330–8. doi: 10.4103/2224-3151.207029


	9. Sandeep V, Vinay C, Madhuri V, Rao VV, Uloopi KS, Sekhar RC. Impact of visual instruction on oral hygiene status of children with hearing impairment. J Indian Soc Pedod Prev Dent. (2014) 32(1):39–43. doi: 10.4103/0970-4388.127053


	10. Atmaja JR. Pendidikan dan Bimbingan Anak Berkebutuhan Khusus. Bandung: PT Remaja Rosdakarya (2018). p. 1.


	11. Mitchell DA, Mitchell L. Oxford Handbook of Clinical Dentistry. Oxford: Oxford University Press (2014).


	12. Susilowati D. Promosi Kesehatan: Modul Bahan Ajar Cetak Keperawatan. Jakarta: Kementerian Kesehatan Republik Indonesia (2016).


	13. Selvaraj S, Naing NN, Wan-Arfah N, Abreu MHNGD. Assessment on oral health knowledge, attitude, and behaviour and its association with sociodemographic and habitual factors of South Indian population. Pesqui Bras Odontopediatria Clin Integr. (2021) 21:e0135. doi: 10.1590/pboci.2021.159


	14. Alshatrat SM, Al-Omari WM, Tabnjh AK, Al-Bakri IA, Selvaraj S. A case-control study on oral health knowledge and dental behavior among individuals with developmental delays in Jordan: caregiver perspective. Front Dent Med. (2024) 5:1426568. doi: 10.3389/fdmed.2024.1426568


	15. Robinshaw HM. Early intervention for hearing impairment: differences in the timing of communicative and linguistic development. Br J Audiol. (1995) 29(6):315–34. doi: 10.3109/03005369509076750


	16. Abu-Shaheen A, Al-Masri M, El-Bakri N, Batieha A, Nofal A, Abdelmoety D. Prevalence and risk factors of hearing loss among infants in Jordan: initial results from universal neonatal screening. Int J Audiol. (2014) 53(12):915–20. doi: 10.3109/14992027.2014.944275


	17. Alqudah S, Zuriekat M, Hassan S, Mahafdeh H, Alqudah Z, Shatarah A, et al. The prevalence and patterns of hearing loss in Jordan: a cross-sectional study. PLoS One. (2024) 19(8):e0304125. doi: 10.1371/journal.pone.0304125


	18. Rajab LD, Da'as NM. Oral health status, behavior, and practices among hearing impaired children attending a specialized school in Jordan. Spec Care Dentist. (2024) 44(6):1651–60. doi: 10.1111/scd.13032


	19. Paulson DR, Ingleshwar A, Theis-Mahon N, Lin L, John MT. The correlation between oral and general health-related quality of life in adults: a systematic review and meta-analysis. J Evid Based Dent Pract. (2025) 25(1S):102078. doi: 10.1016/j.jebdp.2024.102078


	20. Manohar PS, Subramaniam P. Oral health-related quality of life and oral hygiene of children and adolescents with hearing impairment. Int J Clin Pediatr Dent. (2022) 15(3):311–5. doi: 10.5005/jp-journals-10005-2377


	21. Bowyer V, Sutcliffe P, Ireland R, Lindenmeyer A, Gadsby R, Graveney M, et al. Oral health awareness in adult patients with diabetes: a questionnaire study. Br Dent J. (2011) 211:E12. doi: 10.1038/sj.bdj.2011.769


	22. Mustafa M, Asiri FYI, AlGhannam S, AlQarni IAM, AlAteeg MA, Anil S. Extent of awareness regarding oral health and dental treatment needs among individuals with hearing and speech impairments in Saudi Arabia. J Int Soc Prev Community Dent. (2018) 8(1):70–6. doi: 10.4103/jispcd.JISPCD_194_17


	23. Hashemi Z, Hajizamani A, Bozorgmehr E, Omrani F. Oral health status of a sample of disabled population in Iran. J Oral Health Oral Epidemiol. (2012) 1:23–8.


	24. Suma G, Das UM, Akshatha BS. Dentition status and oral health practice among hearing and speech-impaired children: a cross-sectional study. Int J Clin Pediatr Dent. (2011) 4(2):105–8. doi: 10.5005/jp-journals-10005-1091


	25. Krol DM, Whelan K, Section in Oral Health. Maintaining and improving the oral health of young children. Pediatrics. (2023) 151(1):e2022060417. doi: 10.1542/peds.2022-060417


	26. Tugeman H, Rahman N, Yusoff A, Daud MK. Oral health knowledge, practice and dental plaque maturity status of hearing-impaired children. Sains Malaysiana. (2016) 45(5):761–8.


	27. Hoang H, LaHousse SF, Nakazono TT, Davidson PL. Access to care for hearing-impaired patients: experiences and attitudes of dental providers. J Am Dent Assoc. (2011) 142(8):859–65. doi: 10.14219/jada.archive.2011.0275


	28. Pollard RQ, Barnett S. Health-related vocabulary knowledge among deaf adults. Rehabil Psychol. (2009) 54(2):182–5. doi: 10.1037/a0015771


	29. Freeman R. Barriers to accessing dental care: patient factors. Br Dent J. (1999) 187(3):141–4. doi: 10.1038/sj.bdj.4800236


	30. Fellinger J, Holzinger D, Pollard R. Mental health of deaf people. Lancet. (2012) 379(9820):1037–44. doi: 10.1016/S0140-6736(11)61143-4


	31. Glick M, Williams DM, Kleinman DV, et al. A new definition for oral health developed by the FDI World Dental Federation opens the door to a universal definition of oral health. J Am Dent Assoc. (2016) 147(12):915–7. doi: 10.1016/j.adaj.2016.10.001


	32. Blanchfield BB, Feldman JJ, Dunbar JL, Gardner EN. The severely to profoundly hearing-impaired population in the United States: prevalence estimates and demographics. J Am Acad Audiol. (2001) 12:183–9.11332518


	33. Moin M, Saadat S, Rafique S, Maqsood A, Lal A, Vohra F, et al. Impact of oral health educational interventions on oral hygiene status of children with hearing loss: a randomized controlled trial. Biomed Res Int. (2021) 2021:5185613. doi: 10.1155/2021/5185613


	34. Singh A, Agarwal A, Aeran H, Dhawan P. Oral health & quality of life in preadolescents with hearing impairment in Uttarakhand, India. J Oral Biol Craniofac Res. (2019) 9(2):161–5. doi: 10.1016/j.jobcr.2019.03.004


	35. Alkahtani FH, Baseer MA, Ingle NA, Assery MK, Al Sanea JA, AlSaffan AD, et al. Oral health status, treatment needs and oral health related quality of life among hearing impaired adults in Riyadh city, Saudi Arabia. J Contemp Dent Pract. (2019) 20(6):743–9.31358720















	
	TYPE Original Research

PUBLISHED 03 October 2025
DOI 10.3389/froh.2025.1675274






[image: image2]

Determinants of dental caries among primary schoolchildren in a mountainous region of Northern Vietnam

Le Thi Thanh Hoa1*[image: ORCID logo consisting of a white lowercase “iD” and a vertical line inside a bright green circle, representing the digital identifier service for researchers and scholars.], Pham Xuan Tue2, Hoang Thi Vinh3, Truong Thi Thuy Duong1 and Le Thi Kim Dung4

1Faculty of Public Health, Thai Nguyen University of Medicine and Pharmacy, Thai Nguyen, Vietnam

2General Hospital No. 4, Sa Pa, Lao Cai, Vietnam

3Vinh Loc District Health Center, Vinh Loc, Thanh Hoa, Vietnam

4Department of Pediatrics, Thai Nguyen University of Medicine and Pharmacy, Thai Nguyen, Vietnam

EDITED BY
Chloe Meng Jiang, The University of Hong Kong, Hong Kong SAR, China

REVIEWED BY
Kitty Jieyi Chen, Sun Yat-sen University, China
Ruxandra Sfeatcu, Carol Davila University of Medicine and Pharmacy, Romania

*CORRESPONDENCE
Le Thi Thanh Hoa linhtrang249@gmail.com

RECEIVED 31 July 2025
ACCEPTED 16 September 2025
PUBLISHED 03 October 2025

CITATION Hoa LTT, Tue PX, Vinh HT, Duong TTT and Dung LTK (2025) Determinants of dental caries among primary schoolchildren in a mountainous region of Northern Vietnam.
Front. Oral Health 6:1675274.
doi: 10.3389/froh.2025.1675274

COPYRIGHT © 2025 Hoa, Tue, Vinh, Duong and Dung. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: Tooth decay remains one of the most prevalent chronic conditions affecting children globally, especially in underserved populations. Despite growing international attention, limited data exist on the oral health status of children in remote regions of Vietnam.



Objective: To assess factors associated with dental caries among primary schoolchildren in the mountainous province of northern Vietnam.



Methods: A cross-sectional study was conducted from April 2024 to April 2025 among 545 children enrolled in four primary schools in Sa Pa, Lao Cai Province. Clinical dental examinations were performed using the International Caries Detection and Assessment System (ICDAS). Data on oral health behaviors and sociodemographic characteristics were collected via structured interviews. Descriptive statistics summarized the prevalence of caries and oral hygiene practices. Associations were analyzed using stepwise logistic and linear regression models.



Results: The overall prevalence of dental caries was 91.4%, with 57.4% of children affected in permanent teeth and 82.2% in primary teeth. The mean DMFT and dmft scores were 1.31 and 5.38, respectively. Older age increased the risk of permanent caries but reduced primary caries and dmft scores. Significant disparities were observed by ethnicity, with Tay children showing higher odds of primary caries and Hmong children lower dmft scores compared to Dao peers. Children of non-farmer parents, particularly workers, had lower dmft scores than those of farmers. Frequent candy/snack and soda consumption were linked to higher primary caries, while poor brushing habits and symptomatic-only dental visits were associated with worse caries indices.



Conclusions: Children in remote mountainous areas of Vietnam bear an alarmingly high burden of untreated tooth decay, particularly in primary teeth. Sociodemographic factors and inadequate oral health practices significantly contribute to this burden. Tailored, school-based preventive interventions, improved parental education, and enhanced access to dental care are urgently needed to address disparities and improve children's oral health outcomes in these regions.
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Introduction

Tooth decay, or dental caries, remains one of the most prevalent chronic diseases among children worldwide, posing a significant challenge to public health (1). Studies from different regions have consistently shown high and unequal prevalence rates of tooth decay in children. For instance, over 40% of preschool children in rural and remote areas of Western Australia have at least one decayed tooth, with Indigenous children experiencing a significantly higher rate of 69%, compared to 25% among non-Indigenous children (2). Similarly, research in China indicated that 8.7% of 7- to 8-year-olds had caries in their new adult teeth, with plaque detected in over 98% of cases (3). In the United States, 23% of children aged 2–11 years have untreated decay in primary teeth, particularly among low-income and minority groups (4). In Africa, the prevalence among 12-year-olds averages 36%, with large discrepancies between urban and rural settings (5), while in crisis-affected Syria, rates have soared to 79.1% among children aged 8–12 years (6).

Beyond prevalence, the burden of tooth decay manifests in significant health and social consequences. In Western Australia, tooth decay is a leading cause of hospitalization among preschool children, disproportionately affecting Indigenous communities (2). In the United States, untreated caries is associated with pain, infections, and functional impairments, highlighting the importance of preventive programs such as school-based sealants (7). Children with neurodevelopmental disabilities in New Zealand have higher rates of hospital admissions due to dental caries, suggesting the need for targeted interventions (8). Furthermore, research in Tanzania has shown that dental caries negatively impacts preschool children's quality of life, leading to pain, embarrassment, and stigma (9).

A multitude of factors contributes to the development and progression of tooth decay in children. Socioeconomic status is a central determinant, with children from low-income families facing greater challenges in accessing dental care and preventive services (4, 10). Racial and ethnic disparities further exacerbate the issue, especially in the United States, where Hispanic and Black children have higher rates of untreated decay due to systemic and structural barriers (11). Parental factors such as maternal education and infant feeding practices also play a role, as observed in Iran where lower maternal education and prolonged breastfeeding were associated with higher caries scores (12). In addition to socioeconomic and demographic influences, behavioral factors such as dietary habits and oral hygiene practices significantly impact children's oral health. A study in Peru found a strong association between frequent sweet consumption and early childhood caries (13). Regular tooth brushing and the use of fluoride toothpaste are essential preventive behaviors, yet many children fail to adhere to these recommendations, often due to a lack of parental guidance or education (14). Moreover, disparities in access to preventive services remain a major challenge. While interventions such as fluoride varnishes and routine dental visits are proven to reduce caries risk, children from underserved populations continue to face barriers in obtaining these services (4).

Despite the growing body of international evidence, there remains a scarcity of research focused on the oral health of children in remote and underserved regions such as mountainous areas in Vietnam. Limited access to healthcare infrastructure, socioeconomic challenges, and cultural factors may further compound the risk of tooth decay in these populations. Evidence from other regions of Vietnam highlights the scale of the problem: a study conducted in Southern and Central Vietnam found a high prevalence of early childhood caries (ECC) at 74.4% among children aged 1–6 years, with a significant portion of these cases being untreated (15). In Ho Chi Minh City, the prevalence of dental caries among 12-year-olds was influenced by community water fluoridation, with areas having lower fluoride levels showing higher caries rates (16). To address the existing research gap, the present study aims to assess the prevalence and associated factors of tooth decay among schoolchildren living in mountainous regions of northern Vietnam. This research will provide critical insights needed to inform public health policies and targeted interventions for improving oral health equity among vulnerable children.



Materials and method


Study design and participants

This study employed a descriptive cross-sectional design and was conducted from April 2024 to April 2025 among schoolchildren enrolled in four primary schools in Sa Pa Town, Lao Cai Province, Vietnam. The target population included all students attending these schools during the survey periodIn Sa Pa Town, there are a total of eight primary schools; four schools were randomly selected to participate in the study. Within each selected school, all classes from grades 1–5 were invited to take part. Eligibility criteria were clearly defined. All children who were present at school during the data collection period and whose parents or legal guardians provided written informed consent were invited to join the study. Exclusion criteria included: (i) children with congenital oral malformations, (ii) those suffering from infectious diseases or fever at the time of the dental examination, (iii) children whose parents or legal guardians declined to give written informed consent, and (iv) children who personally refused to participate. The sample size was calculated based on a formula for cross-sectional studies, using a margin of error (d) of 0.07 and an estimated prevalence (p) of 78.5% derived from a previous study in Malaysia and Myanmar (17). With a 95% confidence level, the required sample size was 532. To account for an anticipated 5% non-response rate, the final adjusted sample size was 559. In practice, 545 students fulfilled the inclusion criteria and consent requirements and were examined, yielding a participation rate of 97.5%.



Data collection and measurement

Data collection was carried out using two main instruments: a clinical dental examination form and a structured interview questionnaire. The clinical examination was conducted by licensed dentists specialized in Odonto-Stomatology, following a standardized protocol to ensure consistency and reliability. Each child was examined in a designated area within the school premises, under natural or artificial lighting as needed. Oral examinations were performed using sterilized dental instruments, including a mouth mirror and a blunt-tipped explorer, and adhered strictly to the diagnostic criteria of the International Caries Detection and Assessment System (ICDAS) (18). To optimize visibility and enable reliable detection of caries in a non-clinical setting, teeth were dried using sterile cotton rolls and gauze before examination. Only cavitated lesions (corresponding to ICDAS codes 3–6) were recorded in this study, while early enamel lesions (ICDAS 1–2) were not included. All teeth were examined in sequence, and each tooth surface was assessed for signs of cavitated decay. Prior to data collection, examiner calibration was conducted to ensure methodological rigor. The dentists underwent joint training sessions using ICDAS reference photographs and clinical cases, following established guidelines (19). Inter- and intra-examiner reliability were assessed on a subsample of 30 children not included in the main study (19). The kappa coefficients for caries detection ranged from 0.82–0.89, indicating high agreement. In addition to the caries assessment, the Decayed, Missing, and Filled Teeth index was calculated separately for permanent teeth (DMFT) and primary teeth (dmft) to quantify the overall burden of dental caries in the study population.

Sociodemographic and behavioral data were obtained through structured face-to-face interviews using a pre-designed questionnaire. The questionnaire was adapted from previously validated instruments on oral health practices and was translated into Vietnamese (9, 14, 20–22). It was then reviewed by local experts to ensure cultural appropriateness and face validity. A pilot test was conducted with 30 children and their parents/guardians in the study area to confirm clarity, language comprehension, and reliability before implementation in the main survey. The questionnaire collected information on age, gender, school grade, parental occupation, and number of children in the family. The questionnaire also explored understanding of correct oral hygiene methods, such as the appropriate type of toothbrush (child vs. adult), the number of tooth surfaces to brush, the recommended brushing duration and frequency, and suitable brushing times during the day (after meals, before sleep, upon waking). Additional questions evaluated practical behavior, such as how often the child brushed their teeth, when brushing occurred, how often toothbrushes were replaced, and their frequency of consuming sweets or soft drinks. Other behaviors included the use of toothpicks or dental floss, the habit of biting hard objects, and frequency of dental check-ups, ranging from regular preventive visits to visits only when experiencing pain or inflammation. Brushing technique was also directly assessed by observation using a standard toothbrush provided during the interview.



Statistical analysis

All data were coded and entered using Epidata 3.1, then analyzed with STATA version 17.0. Descriptive statistics (frequencies, percentages, means, and standard deviations) were used to summarize sociodemographic characteristics, oral health status, and knowledge/practices. Associations between independent variables and dental caries outcomes were assessed using stepwise logistic regression (for binary outcomes such as presence of caries) and linear regression (for continuous outcomes like DMFT score). A p-value < 0.2 was used as the threshold for selecting variables in the stepwise regression models (23, 24), and p < 0.05 was considered statistically significant in the final model.



Ethical approval

The study protocol was reviewed and approved by the Ethical Review Board of Thai Nguyen University of Medicine and Pharmacy under Decision No. 1197/ĐHYD-HĐĐĐ. Participation was voluntary, with written informed consent obtained from parents or legal guardians. The confidentiality and anonymity of participants were strictly maintained throughout the study. Children found to have oral health issues during the examination were referred for further consultation and management.




Results

The study included 545 primary schoolchildren, comprising 265 boys (48.6%) and 280 girls (51.4%), with a mean age of 9.1 ± 1.4 years. The largest age group was 10 years old (25.8%), followed by 9 years (22.0%), 11 years (17.8%), 7 years (17.3%), and 8 years (17.1%). Most fathers were farmers (81.7%), while smaller proportions were workers (8.0%), state employees (5.5%), traders (1.9%), or had other occupations (2.9%). Similarly, the majority of mothers were farmers (87.4%), with fewer working as workers (4.7%), state employees (4.7%), traders (1.7%), or in other roles (1.5%). Regarding ethnicity, 42.8% were Dao, 40.7% Hmong, 9.5% Tay, and 7.0% belonged to other groups. In terms of dentition stage, most children were in the mixed dentition phase (90.8%), with 6.3% in permanent dentition and 3.0% still in primary dentition (Table 1).



TABLE 1 Characteristics of participants by gender.



	Group
	Category
	Male
	Female
	Total



	N (%)
	N (%)
	N (%)





	Total
	
	265 (48.6%)
	280 (51.4%)
	545 (100.0%)



	Age (years)
	7 years old
	32 (15.4%)
	42 (19.2%)
	74 (17.3%)



	8 years old
	35 (16.8%)
	38 (17.4%)
	73 (17.1%)



	9 years old
	47 (22.6%)
	47 (21.5%)
	94 (22.0%)



	10 years old
	55 (26.4%)
	55 (25.1%)
	110 (25.8%)



	11 years old
	39 (18.8%)
	37 (16.9%)
	76 (17.8%)



	Mean (SD)
	9.2 (1.3)
	9.0 (1.4)
	9.1 (1.4)



	Father's occupation
	Farmer
	216 (84.1%)
	213 (79.5%)
	429 (81.7%)



	Worker
	19 (7.4%)
	23 (8.6%)
	42 (8.0%)



	State employee
	14 (5.5%)
	15 (5.6%)
	29 (5.5%)



	Trader
	5 (2.0%)
	5 (1.9%)
	10 (1.9%)



	Other
	3 (1.2%)
	12 (4.5%)
	15 (2.9%)



	Mother's occupation
	Farmer
	228 (88.0%)
	237 (86.8%)
	465 (87.4%)



	Worker
	10 (3.9%)
	15 (5.5%)
	25 (4.7%)



	State employee
	12 (4.6%)
	13 (4.8%)
	25 (4.7%)



	Trader
	4 (1.5%)
	5 (1.8%)
	9 (1.7%)



	Other
	5 (1.9%)
	3 (1.1%)
	8 (1.5%)



	Ethnic group
	Dao
	109 (41.1%)
	124 (44.3%)
	233 (42.8%)



	Hmong
	113 (42.6%)
	109 (38.9%)
	222 (40.7%)



	Tay
	24 (9.1%)
	28 (10.0%)
	52 (9.5%)



	Other
	19 (7.2%)
	19 (6.8%)
	38 (7.0%)



	Dentition stage
	Primary
	9 (3.4)
	7 (2.5)
	16 (3.0)



	Mixed
	241 (91.6)
	251 (90.0)
	492 (90.8)



	Permanent
	13 (4.9)
	21 (7.5)
	34 (6.3)







Table 2 summarizes the dental health status of schoolchildren by gender. The prevalence of permanent tooth decay was 54.0% in males and 60.7% in females, while deciduous tooth decay was observed in 84.5% of males and 80.0% of females. The proportion of children with any tooth decay was similar between genders (91.7% in males and 91.1% in females). The mean number of decayed permanent teeth was slightly higher in females (1.38 ± 1.54) than in males (1.21 ± 1.45), and the DMFT score was 1.38 ± 4.54 in females and 1.24 ± 4.76 in males. For deciduous teeth, males had a higher mean number of decayed (5.49 ± 4.62) and missing (0.22 ± 0.93) teeth compared to females (4.90 ± 4.46 and 0.10 ± 0.48, respectively), while females had a slightly higher mean number of filled deciduous teeth. The dmft index was higher in males (5.74 ± 4.76) than in females (5.04 ± 4.54). Most comparisons did not show statistically significant differences between genders, except for the number of filled permanent teeth (p = 0.039).



TABLE 2 Dental health status by gender.



	Group
	Category
	Male
	Female
	Total
	p-value



	N (%)
	N (%)
	N (%)





	Permanent tooth decay
	Yes
	143 (54.0%)
	170 (60.7%)
	313 (57.4%)
	0.111



	No
	122 (46.0%)
	110 (39.3%)
	232 (42.6%)



	Deciduous tooth decay
	Yes
	224 (84.5%)
	224 (80.0%)
	448 (82.2%)
	0.167



	No
	41 (15.5%)
	56 (20.0%)
	97 (17.8%)



	Any tooth decay
	Yes
	243 (91.7%)
	255 (91.1%)
	498 (91.4%)
	0.794



	No
	22 (8.3%)
	25 (8.9%)
	47 (8.6%)



	
	
	Mean ± SD
	Mean ± SD
	Mean ± SD
	p-value



	Number of decayed permanent teeth
	1.21 ± 1.45
	1.38 ± 1.54
	1.29 ± 1.50
	0.124



	Number of missing permanent teeth
	0.01 ± 0.11
	0.00 ± 0.06
	0.01 ± 0.09
	0.290



	Number of filled permanent teeth
	0.02 ± 0.19
	0.00 ± 0.00
	0.01 ± 0.14
	0.039



	DMFT index
	1.24 ± 4.76
	1.38 ± 4.54
	1.31 ± 4.66
	0.179



	Number of decayed deciduous teeth
	5.49 ± 4.62
	4.90 ± 4.46
	5.19 ± 4.55
	0.119



	Number of missing deciduous teeth
	0.22 ± 0.93
	0.10 ± 0.48
	0.16 ± 0.74
	0.112



	Number of filled deciduous teeth
	0.02 ± 0.16
	0.04 ± 0.25
	0.03 ± 0.21
	0.192



	Dmft index
	5.74 ± 4.76
	5.04 ± 4.54
	5.38 ± 4.66
	0.084







Among participant characteristics, only age showed a statistically significant association with dental caries in both permanent and primary teeth. In permanent dentition, the proportion of children with caries increased steadily from 35.1% at age 7%–63.2% at age 11 (p = 0.003). For primary dentition, the prevalence of decay was very high across all ages but decreased with increasing age, from 90.4% at 8 years and 86.5% at 7 years to 57.9% at 11 years (p < 0.001). No other variables demonstrated significant associations (Table 3).



TABLE 3 Association between participant characteristics and dental caries.



	Characteristic
	Group
	Decay in permanent teeth
	Decay in primary teeth



	Yes
	No
	p
	Yes
	No
	p



	N (%)
	N (%)
	
	N (%)
	N (%)
	





	Age (years)
	7
	26 (35.1)
	48 (64.9)
	0.003
	64 (86.5)
	10 (13.5)
	<0.001



	8
	43 (58.9)
	30 (41.1)
	66 (90.4)
	7 (9.6)



	9
	49 (52.1)
	45 (47.9)
	78 (83.0)
	16 (17.0)



	10
	67 (60.9)
	43 (39.1)
	88 (80.0)
	22 (20.0)



	11
	48 (63.2)
	28 (36.8)
	44 (57.9)
	32 (42.1)



	Father's occupation
	Farmer
	247 (57.6)
	182 (42.4)
	0.748
	353 (82.3)
	76 (17.7)
	0.697



	Worker
	27 (64.3)
	15 (35.7)
	32 (76.2)
	10 (23.8)



	State employee
	15 (51.7)
	14 (48.3)
	26 (89.7)
	3 (10.3)



	Trader
	6 (60.0)
	4 (40.0)
	8 (80.0)
	2 (20.0)



	Other
	7 (46.7)
	8 (53.3)
	12 (80.0)
	3 (20.0)



	Mother's occupation
	Farmer
	270 (58.1)
	195 (41.9)
	0.917
	383 (82.4)
	82 (17.6)
	0.233



	Worker
	15 (60.0)
	10 (40.0)
	18 (72.0)
	7 (28.0)



	State employee
	14 (56.0)
	11 (44.0)
	20 (80.0)
	5 (20.0)



	Trader
	4 (44.4)
	5 (55.6)
	9 (100.0)
	0 (0.0)



	Other
	4 (50.0)
	4 (50.0)
	8 (100.0)
	0 (0.0)



	Ethnic group
	Dao
	135 (57.9)
	98 (42.1)
	0.161
	193 (82.8)
	40 (17.2)
	0.193



	Hmong
	118 (53.2)
	104 (46.9)
	175 (78.8)
	47 (21.2)



	Tay
	36 (69.2)
	16 (30.8)
	47 (90.4)
	5 (9.6)



	Other
	24 (63.2)
	14 (36.8)
	33 (86.8)
	5 (13.2)







 Table 4 presents the association between various oral health behaviors and the presence of dental caries among participants. Significant associations were observed for candy/snack consumption and soda consumption with dental caries in primary teeth. Children who frequently consumed candy or snacks had a higher prevalence of caries in primary teeth (90.6%) compared to those who consumed them occasionally (80.2%) (p = 0.016). Similarly, frequent soda consumption was associated with markedly higher caries prevalence in primary teeth (96.3%) compared to occasional consumption (80.5%) (p = 0.004). No other behaviors demonstrated statistically significant associations.



TABLE 4 Association between oral health behaviors and dental caries.



	Group
	Category
	Decay in permanent teeth
	Decay in primary teeth



	Yes
	No
	p
	Yes
	No
	p



	N (%)
	N (%)
	
	N (%)
	N (%)
	





	Brushing habit
	Yes
	292 (58.3)
	209 (41.7)
	0.184
	407 (81.2)
	94 (18.8)
	0.074



	No
	19 (47.5)
	21 (52.5)
	37 (92.5)
	3 (7.5)



	Brushing frequency/day
	0
	10 (52.6)
	9 (47.4)
	0.570
	18 (94.7)
	1 (5.3)
	0.051



	1
	148 (55.9)
	117 (44.1)
	225 (84.9)
	40 (15.1)



	2
	112 (60.2)
	74 (39.8)
	144 (77.4)
	42 (22.6)



	3
	15 (48.4)
	16 (51.6)
	28 (90.3)
	3 (9.7)



	Morning brushing
	Yes
	216 (56.8)
	164 (43.2)
	0.471
	307 (80.8)
	73 (19.2)
	0.372



	No
	91 (60.3)
	60 (39.7)
	127 (84.1)
	24 (15.9)



	Brushing after lunch
	Yes
	20 (47.6)
	22 (52.4)
	0.163
	36 (85.7)
	6 (14.3)
	0.486



	No
	287 (58.7)
	202 (41.3)
	398 (81.4)
	91 (18.6)



	Brushing before bed
	Yes
	147 (60.0)
	98 (40.0)
	0.345
	199 (81.2)
	46 (18.8)
	0.779



	No
	160 (55.9)
	126 (44.1)
	235 (82.2)
	51 (17.8)



	Brushing after dinner
	Yes
	21 (67.7)
	10 (32.3)
	0.249
	23 (74.2)
	8 (25.8)
	0.263



	No
	286 (57.2)
	214 (42.8)
	411 (82.2)
	89 (17.8)



	Toothbrush replacement time
	<3 months
	29 (64.4)
	16 (35.6)
	0.326
	32 (71.1)
	13 (28.9)
	0.096



	3–6 months
	14 (77.8)
	4 (22.2)
	13 (72.2)
	5 (27.8)



	>6 months
	24 (63.2)
	14 (36.8)
	29 (76.3)
	9 (23.7)



	When damaged
	121 (56.5)
	93 (43.5)
	186 (86.9)
	28 (13.1)



	Other
	3 (75.0)
	1 (25.0)
	3 (75.0)
	1 (25.0)



	Don't remember
	116 (54.5)
	97 (45.5)
	172 (80.8)
	41 (19.2)



	Candy/snack consumption
	Frequent
	60 (62.5)
	36 (37.5)
	0.273
	87 (90.6)
	9 (9.4)
	0.016



	Occasional
	251 (56.4)
	194 (43.6)
	357 (80.2)
	88 (19.8)



	Soda consumption
	Frequent
	36 (66.7)
	18 (33.3)
	0.150
	52 (96.3)
	2 (3.7)
	0.004



	Occasional
	275 (56.5)
	212 (43.5)
	392 (80.5)
	95 (19.5)



	Biting hard objects
	Yes
	89 (60.1)
	59 (39.9)
	0.383
	118 (79.7)
	30 (20.3)
	0.353



	No
	216 (56.0)
	170 (44.0)
	321 (83.2)
	65 (16.8)



	Toothpick/dental floss use
	None
	194 (54.5)
	162 (45.5)
	0.095
	296 (83.2)
	60 (16.8)
	0.521



	Wood toothpick
	12 (48.0)
	13 (52.0)
	20 (80.0)
	5 (20.0)



	Bamboo toothpick
	101 (65.6)
	53 (34.4)
	124 (80.5)
	30 (19.5)



	Dental floss
	3 (60.0)
	2 (40.0)
	3 (60.0)
	2 (40.0)



	Brushing skill (observed)
	Yes
	262 (57.6)
	193 (42.4)
	0.227
	383 (84.2)
	72 (15.8)
	0.153



	No
	17 (47.2)
	19 (52.8)
	27 (75.0)
	9 (25.0)



	Dental check-up timing
	Every 3–6 months
	1 (100.0)
	0 (0.0)
	0.245
	0 (0.0)
	1 (100.0)
	0.104



	When cavities/infection
	97 (62.2)
	59 (37.8)
	133 (85.3)
	23 (14.7)



	Never
	187 (56.5)
	144 (43.5)
	269 (81.3)
	62 (18.7)



	Don't remember
	25 (48.1)
	27 (51.9)
	41 (78.9)
	11 (21.1)







Table 5 presents factors associated with tooth decay (any decay in permant and primary teeth), DMFT, and dmft indices. In the analysis of factors associated with permanent tooth decay, age was significantly related: each additional year increased the odds of decay by 26% (OR = 1.26, 95% CI: 1.07–1.49). Soda consumption was also significant, with occasional consumers showing a lower odds of permanent tooth decay compared with frequent consumers (OR = 0.33, 95% CI: 0.13–0.85).



TABLE 5 Factors associated with tooth decay, DMFT and dmft indices.



	Variables
	Any tooth decay in permanent teeth
	Any tooth decay in primary teeth
	DMFT
	dmft



	OR
	OR
	95% CI
	
	Coef.
	95% CI
	Coef.
	95% CI





	Gender (Male vs. Female-ref)
	1.46
	0.94; 2.27
	0.62
	0.34; 1.14
	
	
	
	



	Age (per year)
	1.26*
	1.07; 1.49
	0.58*
	0.45; 0.75
	0.18*
	0.07; 0.29
	−1.52*
	−1.83; −1.21



	Ethnic (vs. Dao-ref)
	
	
	
	
	
	
	
	



	 Hmong
	
	
	0.72
	0.35; 1.46
	
	
	−1.53*
	−2.46; −0.60



	 Other
	
	
	2.48
	0.34; 18.20
	
	
	−0.13
	−2.06; 1.79



	 Tay
	
	
	19.82*
	1.23; 320.22
	
	
	1.06
	−0.79; 2.90



	Father's occupation (vs. Farmer-ref)
	
	
	
	
	
	
	
	



	 Worker
	
	
	
	
	
	
	−3.37*
	−4.98; −1.75



	 State employee
	
	
	
	
	
	
	−0.55
	−2.60; 1.50



	 Trader
	
	
	
	
	
	
	−0.57
	−3.74; 2.59



	 Other
	
	
	
	
	
	
	−2.61*
	−4.80; −0.41



	Mother's occupation (vs. Farmer-ref)
	
	
	
	
	
	
	
	



	 Worker
	
	
	0.37
	0.11; 1.25
	
	
	−2.36*
	−4.20; −0.53



	 State employee
	
	
	0.09*
	0.01; 0.59
	
	
	0.16
	−2.13; 2.46



	 Trader
	
	
	
	
	
	
	0.71
	−2.20; 3.62



	 Other
	
	
	
	
	
	
	3.84
	−0.15; 7.84



	Brushing habit (No vs. Yes-ref)
	0.49
	0.18; 1.38
	
	
	
	
	1.80*
	0.16; 3.44



	Brushing after lunch (No vs. Yes-ref)
	
	
	0.41
	0.13; 1.28
	
	
	
	



	Brushing after every meal (No vs. Yes-ref)
	
	
	2.13
	0.71; 6.40
	
	
	
	



	Candy/snack consumption (Occasional vs. Frequent -ref)
	
	
	0.31*
	0.10; 0.94
	
	
	
	



	Soda consumption (Occasional vs. Frequent -ref)
	0.33*
	0.13; 0.85
	
	
	
	
	
	



	Observed Brushing skill (Yes vs. No-ref)
	0.46
	0.20; 1.07
	
	
	
	
	
	



	Dental check-up timing (vs. Every 3–6 months-ref)
	
	
	
	
	
	
	
	



	 When cavities/infection
	
	
	
	
	0.54*
	0.01; 1.08
	
	



	 Never
	
	
	
	
	0.19
	−0.30; 0.68
	
	




	*p < 0.05.







For primary teeth, older age was associated with a reduced likelihood of decay (OR = 0.58, 95% CI: 0.45–0.75). Among ethnic groups, children of Tay ethnicity had significantly higher odds of primary tooth decay compared to Dao (OR = 19.82, 95% CI: 1.23–320.22). Candy and snack consumption was also significant, as occasional consumers had lower odds of decay compared with frequent consumers (OR = 0.31, 95% CI: 0.10–0.94). Children having mother who were state employees had a lower odds of having primary tooth decay.

Regarding the DMFT index, older age was associated with an increase in score (Coef. = 0.18, 95% CI: 0.07–0.29). The timing of dental check-ups also showed a significant effect: children who sought care only when cavities or infections occurred had higher DMFT scores compared with those who checked every 3–6 months (Coef. = 0.54, 95% CI: 0.01–1.08).

For the dmft index, older age was significantly associated with lower scores (Coef. = –1.52, 95% CI: −1.83 to −1.21). Children of Hmong ethnicity had lower dmft scores than Dao (Coef. = –1.53, 95% CI: −2.46 to −0.60). Father's occupation was significant, with children of workers (Coef. = –3.37, 95% CI: −4.98 to −1.75) and those with fathers in “other” jobs (Coef. = –2.61, 95% CI: −4.80 to −0.41) showing lower dmft scores. Mother's occupation was also associated, with children of workers having lower scores (Coef. = –2.36, 95% CI: −4.20 to −0.53). In addition, brushing habits mattered, as children who did not brush regularly had higher dmft scores (Coef. = 1.80, 95% CI: 0.16–3.44).



Discussion

This study highlights a significantly high prevalence of dental caries among primary schoolchildren in a remote mountainous region of Northern Vietnam, with over 90% affected. While there were no major gender differences in decay prevalence, the study identified key sociodemographic and behavioral factors associated with DMFT and dmft scores, suggesting multiple pathways for oral health intervention.

The exceptionally high prevalence of tooth decay (91.4%) and elevated dmft index (mean = 5.38) observed in this study reflect a critical public health issue in the mountainous region under investigation. These findings indicate that most children suffer from untreated caries in their primary teeth, which likely impairs their nutrition, development, and quality of life. The DMFT score for permanent teeth (mean = 1.31), though lower, still signifies early onset of decay that remains unaddressed. In the context of remote mountainous areas, such oral health burdens may be exacerbated by geographical isolation, limited availability of dental professionals, lack of fluoridated water, and insufficient oral health promotion activities.

Comparable challenges have been reported elsewhere in Vietnam. A study conducted in Southern and Central Vietnam found a high prevalence of early childhood caries (ECC) at 74.4% among children aged 1–6 years, with a significant portion of these cases being untreated (15). Similarly, in Ho Chi Minh City, the prevalence of dental caries among 12-year-olds was influenced by community water fluoridation, with areas having lower fluoride levels showing higher caries rates (16). These findings emphasize how both geographic and environmental factors, including water fluoride concentration, strongly shape oral health outcomes in Vietnamese children.

The combination of environmental barriers and socioeconomic disadvantages likely contributes to the persistent and severe nature of dental caries seen in this population. This situation is comparable to findings in other disadvantaged and remote settings worldwide. For instance, Bergeron et al. (2020) reported caries rates of 94%–98% among children in remote Andean communities (21). Trimble et al. (2024) noted an 83% rate in rural El Salvador (25), and Min et al. (2024) observed an 87% rate in Myanmar (17). Aimond et al. (2023) reported a high dental caries prevalence of 78.5% among children, with prevalence increasing with age (17). Peters et al. (2022) found that children in rural areas had a higher mean dmft + DMFT score (1.22) compared to urban children (0.96), with an overall caries prevalence of approximately 39% (26). These comparisons underscore that the problem observed in the mountainous area of northern Vietnam is not isolated but aligns with a broader global pattern affecting remote and underserved children. Effective interventions in this setting must be culturally appropriate, geographically accessible, and embedded in school and community structures to ensure sustainable improvements in oral health.

Sociodemographic factors showed significant associations with oral health outcomes in this study. Age was positively associated with DMFT but inversely related to dmft, indicating that as children grew older, caries experience in permanent teeth increased while the burden in primary teeth declined. This pattern aligns with prior research indicating that caries prevalence tends to decline with age due to improved hygiene practices and the natural exfoliation of primary teeth (20, 27). Ethnic differences were also evident, with Hmong children showing significantly lower dmft scores compared to the Dao group, while Tay children had markedly higher odds of primary tooth decay. Such disparities may stem from cultural dietary habits, oral hygiene norms, or uneven access to dental services among ethnic communities—similar to findings from North America, where Indigenous and minority children bear a higher burden of caries compared to their majority counterparts (11, 28). These results underscore the need to consider cultural and contextual differences in designing oral health interventions in ethnically diverse populations.

Parental occupation also influenced oral health outcomes. Children of fathers working as laborers or in “other” occupations had significantly lower dmft scores than those of farmer fathers, suggesting that income diversification or migration-related work may indirectly benefit oral health. This finding contrasts somewhat with global literature, where lower occupational status is often associated with higher caries risk (20, 29). However, in the local context, it is possible that non-farming parents—often engaged in labor migration or trade—may have higher income or better exposure to urban health literacy, enabling greater investment in their children's oral health. Similarly, maternal occupation was strongly associated with caries outcomes, with children of mothers who were workers having lower dmft scores compared to those of farmer mothers (29). These findings highlight the complex interaction between socioeconomic roles, cultural practices, and access to care, emphasizing the importance of tailoring oral health strategies to local demographic profiles.

Behavioral practices were another key determinant. Children who brushed irregularly, particularly those without a brushing habit, had significantly higher dmft scores, underscoring the protective role of consistent oral hygiene. In addition, frequent candy or snack consumption and frequent soda consumption were both strongly associated with higher odds of primary tooth decay, confirming the cariogenic impact of dietary sugar in this population. Furthermore, children with poor observed brushing skills had elevated dmft levels, highlighting that brushing frequency alone is insufficient without proper technique. This aligns with existing literature showing that many children, especially in disadvantaged settings, perform suboptimal brushing and miss critical areas like canine segments (30). These results emphasize the importance of both oral hygiene behaviors and effective brushing skills in preventing early childhood caries.

Patterns of dental care-seeking further shaped oral health outcomes. Children who visited the dentist only when cavities or infections occurred had significantly higher DMFT scores compared to those with regular preventive visits every 3–6 months. This finding reflects the predominance of curative over preventive care in rural settings, where services are scarce and access is hindered by cost and distance. Previous studies confirm that regular dental visits are associated with better oral health (31, 32), particularly when supported by proactive parental involvement and favorable attitudes toward dental care (22). These findings underline the need for school-based preventive programs and community education initiatives tailored to the geographic and socioeconomic realities of mountainous populations.

The findings of this study have several practical implications for oral health policy and practice in mountainous and underserved regions. The extremely high prevalence of tooth decay and elevated dmft and DMFT indices underscore the urgent need for targeted preventive programs. School-based interventions—such as supervised toothbrushing, regular fluoride varnish application, and parental education—should be prioritized in these settings. Culturally sensitive oral health promotion strategies that engage local communities and consider ethnic differences may also improve outcomes. Furthermore, training and deploying community-based oral health workers could help overcome access barriers in remote areas. Addressing socioeconomic determinants such as parental education and occupation is essential for achieving long-term improvements in children's oral health.

This study has several limitations. First, its cross-sectional design does not allow for causal inferences between behavioral or sociodemographic factors and oral health outcomes. The associations observed may be influenced by reverse causation or unmeasured confounders. Second, reliance on self-reported data (e.g., brushing frequency, toothbrush replacement) may introduce recall and reporting bias. Third, although efforts were made to include diverse ethnic groups, the sample may not be fully representative of all children living in remote mountainous regions. Finally, access to advanced clinical diagnostic tools was limited, and although trained examiners were used, some variation in caries detection may still occur.

Despite these limitations, this study has several notable strengths. It is among the first investigations to provide age- and dentition-specific analyses of dental caries in a remote mountainous area of northern Vietnam, addressing an evidence gap in both national and international literature. The study also used a large sample drawn from multiple schools, enhancing its reliability and representativeness within the target region. Moreover, the standardized diagnostic criteria (ICDAS) and examiner calibration ensured methodological rigor, while the integration of both clinical and behavioral data allowed for a comprehensive assessment of caries determinants.



Conclusion

This study demonstrates that children in remote mountainous areas face an exceptionally high burden of untreated dental caries, influenced by sociodemographic conditions and oral health behaviors. These findings emphasize the urgent need for culturally tailored and geographically accessible oral health interventions to reduce inequalities and improve well-being among vulnerable populations. Future research should employ longitudinal designs to clarify causal pathways, incorporate more representative sampling across different mountainous provinces, and evaluate the effectiveness of school- and community-based preventive strategies such as fluoride supplementation, oral health education, and improved access to dental care.
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Oral health outcomes are shaped not only by biological and clinical factors but by social and structural conditions. This narrative review synthesizes social science contributions to oral health research published between 2015 and 2025, situating them within a longer history of interdisciplinary engagement. Foundational social science concepts have informed contemporary frameworks of dental public health, yet their methodological and theoretical integration remains limited. Relevant studies were identified in PubMed and AnthroSource. Peer-reviewed, English-language articles that substantively engage oral health through qualitative approaches were selected for inclusion. Drawing on methods such as interviews, focus groups, and ethnography, this body of research highlights how cultural frameworks, institutional barriers, and lived experiences shape oral health practices and outcomes. Across this literature, three purposes for integrating social science emerge: (1) adding interpretive depth to quantitative data; (2) analyzing how behavioral logics interact with structural constraints; and (3) improving outcomes through culturally responsive interventions. In our conceptual synthesis of this work, we argue for the continued development of bridge concepts (e.g., oral health fatalism, tooth shame, and status passage), which enable collaboration across disciplines by linking clinical practice to social context. Social science approaches expand explanatory frameworks, deepen contextual understanding, and illuminate oral health as a social and ethical phenomenon. By moving beyond methodological borrowing toward co-production of knowledge, interdisciplinary collaboration can more effectively address oral health inequities and support the development of care that is both scientifically rigorous and socially responsive.
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1 Introduction

Oral diseases are often investigated through biological and clinical frameworks, yet their most persistent causes are social in kind. Oral health outcomes are shaped by deeply embedded social, economic, and civic institutions. Increasingly, dental researchers and public health professionals recognize the value of social science theories and methodologies in addressing oral health disparities. Institutions such as the World Health Organization and the U.S. Department of Health and Human Services have emphasized the role of social determinants in the development of dental caries and periodontal disease—two of the most prevalent chronic conditions globally (1–3).

Despite growing recognition of the importance of social determinants in oral health, the integration of social science perspectives into dental research remains inconsistent and fragmented. Prior reviews have advanced our understanding of interdisciplinary collaboration between social science and oral health research, but a broader synthesis is still needed to situate these contributions in their historical and contemporary context (4–6).

Recent initiatives such as the 2020 Behavioral and Social Oral Health Sciences Summit and the 2022 Consensus Statement on Future Directions for the Behavioral and Social Sciences in Oral Health expertly highlight the value of cross-disciplinary collaboration (7, 8). Yet there remains an opportunity to investigate the development and integration of methods over the last decade. Critical gaps remain in understanding how to effectively bridge social science theory and dental and oral health research practice, and to identify productive tensions that both challenge and enrich interdisciplinary collaboration.

This narrative review addresses these gaps by presenting a wide-ranging analysis of the intersection between social science and oral health research. It aims to benefit researchers, educators, and policymakers seeking to advance comprehensive, socially informed oral health research and underscores the potential of integrated approaches to improve population-level oral health outcomes.

Specifically, this paper aims to: (1) provide an historical overview of social science engagement with oral health, tracing key milestones and intellectual shifts; (2) highlight contemporary commentary on interdisciplinary research; and (3) synthesize recent studies published between 2015 and 2025 by population type, identifying key research topics, common methodologies, and productive tensions. We also argue for the development of bridge concepts to facilitate collaboration across disciplinary boundaries.

Oral practices are locally situated and often shared. Examining the cultural contexts in which our teeth are viewed, judged, diagnosed, cleaned, and cared for is an integral part to any inquiry aiming to improve outcomes. Examining the diverse ways people attribute meaning and significance to their teeth is critical for a deeper understanding of oral health trends. This review treats culture not as a fixed attribute or simple demographic variable, but as a dynamic set of meanings and practices through which people interpret the mouth, teeth, the body, and the significance of care. Cultural perspectives shape how pain is expressed, how prevention is valued, and how clinical encounters are experienced. Recognizing these processes is essential for understanding oral health as both a biological and a social phenomenon—and for integrating behavioral, clinical, and policy perspectives within a common analytic frame.



2 Historical background and established intersections

Social science has long shaped the conceptual foundations of public health, including dentistry. In the 19th century, well before the emergence and adoption of the concept of social determinants of health (SDoH), Virchow and Durkheim described how social structures shape health outcomes through labor, inequality, and education (9, 10). Weber's formulation of socioeconomic status (SES) linked flourishing to access to power and resources instead of income alone (11, 12). Later, Canguilhem reframed health as an adaptive capacity rather than a fixed biological state (13), and Foucault analyzed how institutions and discourses govern health (14–16). Bourdieu's concepts of habitus and capital further explained the patterned inequalities in care-seeking and access (17, 18). Although rarely cited directly in dental research, these perspectives underlie familiar terms such as social capital, health equity, and social determinants.

Dentistry has engaged social science in its own way: Cohen and Richards' systematic review of social science in dentistry (1955–1970) emerged in the context of debates on water fluoridation, focusing on how institutional structures shaped public acceptance (19, 20). The 1971 Milbank Memorial Fund Quarterly special issue, “Toward a Sociology of Dentistry,” examined dentistry as a professional institution, analyzing delivery systems, payment models, gendered labor, and relationships with insurers and government agencies (21–24). By the late twentieth century, medical sociologists and public health scholars applied these insights to health disparities, culminating in the WHO Commission on Social Determinants of Health, which defined SDoH as “the conditions in which people are born, grow, live, work and age.” (2, 25).

Since then, the focus has shifted from dentistry as an institution to the lived experience of patients. The 2016 FDI World Dental Federation's redefinition of oral health explicitly incorporated psychosocial dimensions as well, and the 2020 Behavioral and Social Oral Health Sciences Summit signaled renewed commitment to interdisciplinary, qualitative engagement (7, 26). These developments underscore that the social sciences have long theorized health, but their meaningful methodological integration into dental research remains comparatively fragmented.



3 Expansion of social science themes and approaches in dentistry

The Summit resulted in a special issue of the journal Community Dentistry and Oral Epidemiology in which McNeil and Randall identify two persistent barriers to the development of social science within oral health research (7). First, they note the absence of sustained, long format conferences that allow interdisciplinary dialogue to unfold beyond brief or fragmented exchanges. Second, they highlight the lack of international platforms capable of amplifying these conversations across diverse contexts. Building on their observations, we suggest that deeper epistemological tensions—particularly between biomedical and sociological paradigms—have also complicated the field's trajectory.

Across prior publications in the field, social science is often paired with or conflated with behavioral science. This recurring association warrants reflection. In oral health research, behavioral science—typically rooted in psychology—has emphasized individual-level interventions and frameworks such as the Health Belief Model and Social Cognitive Theory (27–29). Social science, by contrast, as developed most cogently in sociology and anthropology, tends to situate oral health within broader frameworks of meaning, social structure, and context. While the two orientations sometimes overlap, they generally operate at different levels of analysis and pursue different explanatory aims. In practical terms, this means that behavioral approaches tend to design interventions that modify individual knowledge, attitudes, or habits, whereas social science approaches more often target the conditions that shape those behaviors in the first place.

The Summit's resulting special issue reflects this dual emphasis. It promotes rigorous behavioral strategies to improve patient outcomes, while also engaging broader questions of inequality and social constraint in oral health (30–32). Increasingly, qualitative and mixed methods are valued for their ability to illuminate the “different worlds in which people live and work” (33), supporting more culturally responsive interventions (34, 35).

The 2022 Consensus Statement on Future Directions for the Behavioral and Social Sciences in Oral Health advances a scalar framework for interdisciplinary research. As McNeil et al. write, “A comprehensive understanding of [oral health promotion, service delivery, and equity] requires consideration of influences at individual, family, community, group, regional, national, and global levels.” (8) This scalar approach foregrounds the multiple sites of intervention that oral health research must address.

The Consensus Statement outlines four key directions. First, it calls for more middle-range approaches that connect proximal behavioral causes with distal structural determinants—bridging the gap between individual action and systemic constraint. Second, it advocates for methodological pluralism, emphasizing that methods should be scaled to the research question and context. Third, it encourages exploration of underexamined social environments as potential sites for intervention, e.g., public housing and digital platforms. Finally, it promotes robust dissemination strategies that prioritize stakeholder engagement, contextual sensitivity, and methodological precision.

These directions are strategic and promising, but they also raise critical questions. Why do so many interdisciplinary ideals remain unrealized? What barriers inhibit collaboration? How should social scientists respond to clinicians who remain skeptical of social research? And how are methodological disagreements negotiated within interdisciplinary teams?

Jones and Gibson's 2022 edited volume Cultures of Oral Health showcases the breadth of contemporary social science inquiry in oral health (36). Topics include professional ethics, cosmetic dentistry, gendered career pathways, historical politics of advertising, and cultural representations of teeth. These studies highlight how oral health is shaped by symbolic meaning, embodiment, and power.

Interdisciplinary collaboration is increasingly central to oral health innovation. Community-based partnerships demonstrate how local knowledge and public health frameworks can improve equity. These collaborations also reveal persistent challenges: disciplinary hierarchies, divergent epistemologies, and entrenched institutional practices.

In the next section, we explore contemporary qualitative investigations in oral health published over the last decade, with particular attention to cultural frameworks and the productive frictions that arise in interdisciplinary collaboration.



4 Interdisciplinary frictions and cultural frameworks in oral health (2015–2025)

A substantial body of oral health research published between 2015 and 2025 is dedicated to understanding how cultural beliefs and practices shape oral health outcomes. These investigations vary in scope and focus, but all are underpinned by a recognition that social norms are deeply embedded aspects of human life. These norms not only influence the experience of oral disease but also affect prevention, access, and treatment. This section examines recent contributions of qualitative methods to oral health research, considers the frameworks used to describe relevant social relations, and builds on earlier scholarly calls for interdisciplinary collaboration (4–6, 37). The review emphasizes how qualitative and interpretive approaches—particularly interviews, focus groups, and ethnography—illuminate lived experiences of oral health and the conditions that shape them.


4.1 Search strategy and inclusion criteria

To ensure comprehensive coverage of social science research in oral health, we conducted a structured search of PubMed and AnthroSource on July 14, 2025. The search employed combinations of the following terms and their derivatives: “oral health,” “dentistry,” “teeth,” “mouth,” “sociology,” “anthropology,” “ethnography,” “interview,” “participant observation,” and “focus group.” Boolean operators were used to combine terms across disciplinary and methodological domains [e.g., oral health AND (ethnography OR anthropology OR sociology)]. When applicable, both MeSH Terms and All Fields search specifiers were used.

From this initial search, a set of inclusion criteria was applied. Eligible papers were peer-reviewed, full-text English-language publications presenting original human-subject research that substantively engaged oral health through social science methodologies, and were published between January 1, 2015, and June 30, 2025. Exclusion criteria omitted studies focused solely on forensic or archaeological contexts. Papers that used demographic descriptors of ethnicity or race without engaging shared meaning or experience were also excluded. Retrospective analyses or studies that collected data exclusively through surveys, questionnaires, telephone interviews, focus groups with fewer than 20 participants, or interviews with fewer than seven participants were excluded, as were other reviews (e.g., systematic, scoping, or narrative). Finally, papers employing qualitative methods only to assess the validity of a research instrument or framework were omitted.

The search initially yielded 4,123 articles. After removing duplicates, applying inclusion and exclusion criteria, and conducting full-text review, 65 papers were included in the final synthesis. Consistent with standards for narrative reviews, discussed papers were appraised for their methodological approach, conceptual relevance, and regional scope, rather than formal quality scoring.

A note on the criterion of qualitative methods: this review is specifically concerned with the application of social science methodologies in oral health research. Many papers describe their use of qualitative methods without demonstrating meaningful engagement with social science theory or practice. During the search process, it became evident that the term encompassed a range of approaches—from structured questionnaires and brief spoken surveys to in-depth ethnography. Throughout this review, qualitative is used in the stricter sense of social science investigation, characterized by semi-structured interviews, ethnographic observation and participation in the social context under study, and focus groups with adequate participant depth. Several short interview or small focus group studies were omitted, reflecting both the field's growing interest in participants' perspectives and the need to strengthen the application of qualitative methods in oral health research.



4.2 Key research topics using social science methods in oral health research

Over the last decade, clear patterns have emerged in the topics, populations, and analytic orientations of qualitative oral health studies. From these patterns, five key research topics were identified that capture the major directions of current social science inquiry in oral health: (1) parental perspectives and maternal care; (2) immigrant and refugee oral health; (3) elder care and aging; (4) social analysis and institutional critique; and (5) cultural practices as assets for intervention. While some articles in these categories overlap conceptually, together they chart the primary terrains in which social science perspectives are shaping oral health research today—from intimate domains of caregiving to institutional structures and public health practice. Notably, the majority of studies were conducted in high-income, Western contexts, with emerging but still limited representation from low-income populations in Asia, Africa, and South America.

After reviewing the literature, individual interviews and focus groups were the most used qualitative methods. They are particularly well suited to investigate both known and under-examined cultural and behavioral factors within the established disciplinary time constraints. Ethnography is also represented in the reviewed articles with increasing prominence. Perhaps because of current funding structures and disciplinary conventions, investigations in oral health research tend to be shorter and more sporadic than ideal ethnographic conditions demand. Mixed methods studies are less common, but are increasingly employed to triangulate findings and enhance depth of understanding (34). Ongoing efforts to create co-produced, mixed methods designs that integrate diverse epistemologies across study design, analysis, and dissemination are essential for improving the interpretive depth and translational impact of oral health research (33, 38).


4.2.1 Parental perspectives and maternal care

Childhood oral health remains the central focus of qualitative oral health research, representing nearly half of the unique returns of the search. Because parents and caregivers are the gatekeepers of consent, they are integral to understanding the development of children's behaviors and affective orientations. Aside from the few studies that interviewed adolescents directly (39, 40), parents are the primary interlocutors for investigating childhood oral health.

The most common aim of this category is the investigation of parental perspectives on child oral health more broadly (41–45). McLean et al. describe “natural parenting” movements that promote sugar free diets, yet eschew fluoride, positioning oral health within broader identity projects that resist biomedical authority (46). A comprehensive, multi-sited study by Burgette et al. traces the circulation of fluoride misinformation among mothers making decisions about their children's oral health, illustrating how trust and expertise are negotiated within contemporary health information networks (47). Using a combination of interviews, participant observations, and a focus group, Balasooriyan et al. highlight how norms of Dutch families intersect with economic disadvantage to shape children's oral health trajectories (48). Articles within this category demonstrate that parental decision-making is not only a matter of individual preference but is embedded in cultural logics, structural pressures, and social identity that directly shape outcomes.

A variant of the parental perspectives theme describes the beliefs and behaviors of ethnic minority and Indigenous parents (44, 49–51). Davis et al. compared white and Hispanic parents seeking orthodontic treatment for their children, showing how decisions were shaped by intersecting values, expectations, and aspirations (52). Walker et al. investigate Midwest American Latino caregiver's perspectives on the inevitability of childhood oral disease and gendered expectation of responsibility for oral care (53). The focus of this subset is not migration but the recognition of culturally specific practices and beliefs that operate among dominant social norms.

Challenges experienced by parents of children with disabilities or neurodivergence are represented in recent literature. Alwadi et al. take an ethnographic approach to studying children with disabilities in Saudi Arabia (54), while Junnarkar et al. and Cai et al. examine the perspectives of parents of children with autism (55, 56). These studies are not focused exclusively on disability; they detail parents' perspectives on their children's challenges, highlighting how caregiving intersects with structural barriers to care.

Studies on parental perspectives examine caregiving practices as well as the cultural logics that connect childbearing to oral health outcomes such as tooth integrity (57). Some papers focus specifically on how parents perceive dental providers and oral health promotion programs (58–61). Cruz et al. identify factors that build and erode trust between patients and dentists, showing that the dentist–patient relationship is shaped by experiences of choice, control, and support (62). Expertise is not an immutable attribute of providers but something negotiated through interpersonal dynamics and prior encounters with care.



4.2.2 Immigrant and refugee oral health

Research on immigrant and refugee populations highlights how oral health is mediated by migration histories, cultural expectations, and systemic barriers. Nearly all the studies on this topic involve parents reflecting on their children's oral health, with an important distinction from the perspectives of ethnic minority parents discussed above. These studies position parents as entry points through which divergent cultural beliefs and practices encounter broader community norms, while their children often represent processes of alignment through acculturation. Central to this research topic is the suggestion that cultural features can be barriers within oral health care systems. The family emerges as a key social structure mediating between individuals and institutions, particularly in migrant and economically under-resourced communities where structural and cultural pressures converge (63–66).

Studies highlight how language barriers and bureaucratic complexity hinder access to care for non-English-speaking mothers living in Anglophone countries (67, 68). Adebayo et al. explore the perspectives of African migrant caregivers in an Australian elderly care facility (69). These studies reveal how processes of cultural adjustment shape the experiences of both patients and care givers. They demonstrate the need for culturally responsive care and establish how oral health is entangled with negotiations of belonging, expertise, and access within shifting social expectations and institutional constraints. Calvasina et al. persuasively argue that improvements in material conditions—such as access to affordable care—often exert greater influence on outcomes than deficits in acculturation or cultural assimilation (70).



4.2.3 Elder care and aging

Among older adults, oral health research has increasingly foregrounded affective and embodied experiences, knowledge, and beliefs (71, 72). Gerontological studies often draw on phenomenological frameworks for interpretation and show a growing interest in ethnographic methods for data collection. Folker et al. introduce the concept of tooth shame in Danish elder care, showing how aesthetics and emotion influence both the willingness to seek treatment and the quality of interactions with providers (73). Gibson et al. conceptualize full edentulism as a status passage—a transition into new social identities tied to aging or marginalization (74). Folker also explores dental disgust, identifying how care is diminished in institutional settings when staff members' aversion to oral decay interferes with treatment (75). These works argue for oral health frameworks that account for function as well as dignity, affect, and social participation.

In gerontology, qualitative inquiry has long illuminated subjective experience and contextual meaning. Cross-disciplinary collaboration in this field offers particularly fruitful models of inquiry, demonstrating that aging is understood not merely as decline but as a social process and lifelong experience (76, 77). MacEntee et al. examine the life practices of self-regulation and self-care among elderly Chinese participants in Hong Kong and Guangzhou, exploring factors like traditional medicine, family, and the effects of the commercialization of dental services (78). Other studies highlight broader barriers to care experienced by under-resourced elderly populations (79–82). This key research topic underscores how oral health in later life is not only a matter of clinical intervention but a reflection of social value, institutional capacity, and the moral economies of care.



4.2.4 Social analysis and institutional critique

Social science research does more than map cultural practices—it also critiques the tendency to over-attribute poor outcomes to cultural difference when structural inequalities are often more determinative. This key research topic foregrounds class and economic precarity as upstream determinants of oral health and interrogates how the field of dentistry itself participates in reproducing social hierarchies. Khalid and Quiñonez critique cosmetic dentistry, showing how whitening and orthodontics reinforce racialized and class-based norms of beauty, deepening stigma for those who cannot or choose not to conform (83). Similarly, Wickström's ethnographic account, “I Hope I Get Movie-Star Teeth,” highlights orthodontics as a site of aspiration where ideals of normalcy remain out of reach for most patients (84). These studies call attention to the risks of cultural essentialism in oral health research. By framing structural exclusion as “cultural difference,” clinical discourse can inadvertently obscure the inequities it seeks to resolve.

Research in correctional settings reveals how the organization of institutional life shapes oral healthcare delivery (85). The studies describe fragmented care, limited continuity, and logistical barriers, but also identify opportunities for reform through person-centered and rights-based approaches. Similar structural themes emerge in research on homelessness, where Durey et al. show that community-centered models can improve engagement and reduce stigma yet are often undermined by bureaucratic inflexibility and inconsistent funding (86). Indigenous oral health research situates access within historical and policy contexts, highlighting how colonial histories, mistrust of institutions, and structural neglect continue to shape oral health inequities (87, 88).

Complementary policy-oriented studies further situate oral health disparities within systems of governance and resource allocation. Etiaba et al. analyze the political and institutional processes shaping oral health policy development in Nigeria, illuminating how power dynamics among actors and institutions constrain reform (89). Mohammadpour et al. likewise find that resource shortages and disjointed policy, rather than community behavior, constitute the primary barriers to care in Iran (90). These studies demonstrate that meaningful progress in oral health equity depends as much on confronting institutional and political arrangements as on modifying individual practices or beliefs.



4.2.5 Cultural practices as assets for intervention

Another line of inquiry explores oral health practices that emerge outside formal institutions of care. Rather than viewing culture as a barrier to biomedical care, recent qualitative research demonstrates how preexisting practices and knowledge systems can serve as resources for improving oral health outcomes (91, 92). Shrivastava et al. advance the concept of two-eyed seeing to describe the divergent priorities of Cree and non-Cree providers, integrating Indigenous knowledge systems with biomedical approaches in Cree communities (93). Rather than treating Indigenous practices as barriers, a growing body of scholarship emphasizes them as assets that sustain oral health through meaningful frameworks of well-being (51, 88, 94–97).

These approaches offer epistemological alternatives to dominant biomedical models, expanding the kinds of questions researchers can ask about motivation, trust, and cultural influence. Using qualitative methods, Laird et al. trace the social life of the Somali miswak, demonstrating the ways oral hygiene tools are situated within cultural meaning and transnational histories, and how existing traditions of oral care can inform our understanding of oral health (98). Concepts like two-eyed seeing create opportunities for collaboration across knowledge systems. They encourage clinicians to view Indigenous practices not as competing explanations but as parallel logics of health that can align with preventive and restorative goals. In doing so, they illustrate how co-production of knowledge becomes possible when multiple traditions of care are recognized as legitimate contributors to oral health.




4.3 Outliers and the limits of the narrative review

Not all social science oral health research fits neatly into the thematic categories outlined above. Some studies engage experiences or behaviors that cut across multiple areas of inquiry making them difficult to situate within a single topic. Patterson-Norrie et al. document the perspectives of patients with eating disorders, revealing how oral health concerns intertwine with complex bodily and affective experiences (99). Musa et al. investigate the integration of dental services into health and social care systems for people with complex needs—a category that spans multiple vulnerabilities (100). Studies focused on disabilities extend this analysis to the embodied challenges of care, describing how barriers to access are compounded by communication difficulties, sensory sensitivities, and provider discomfort (101, 102). These studies highlight the breadth of social science engagement with oral health, extending beyond the key research topics we have presented.

Despite the utility of narrative reviews for describing complex subjects in conceptually rich ways, they remain limited by potential author bias, lack of exact replicability, and the possibility of selective or incomplete article inclusion. While our search was rigorous, the innovation of this review lies in its conceptual synthesis rather than data collection. Although most qualitative oral health studies originate from high-income or Western contexts, this review highlights scholarship from non-Western contexts to improve global representation. This uneven distribution of research reflects the field itself and underscores the need for sustained investment in qualitative and interdisciplinary oral health research in underrepresented regions, where sociocultural and structural determinants remain comparatively undocumented.



4.4 Bridge concepts as tools for co-production

Some qualitative research efforts in public health aim to map the social terrain for intervention; others are more critical, describing how dental institutions themselves reproduce norms that sideline already vulnerable groups. This divergence in approach reflects broader tensions in the interdisciplinary field. Some researchers use cultural insight to improve behavioral interventions, while others treat culture not as a variable to manage but as a source of established, meaningful practice and knowledge.

To aid interdisciplinary collaboration, we propose the continued development of bridge concepts as exemplified by oral health fatalism and tooth shame. These terms do more than describe behavior—they interpret it within cultural, affective, and structural contexts. Figure 1 maps the conceptual orientations linking clinical, behavioral, and social-scientific approaches, illustrating how bridge concepts mediate between individual behaviors and structural determinants. Bridge concepts enable collaboration by holding disciplinary logics together within the same analytic frame. For example, oral health fatalism has been studied by Hammersmith et al. in relation to caregivers of children with autism spectrum disorder and in broader pediatric populations, exploring how beliefs about inevitability and control shape oral health practices (103, 104). Though Hammersmith et al. do not incorporate primary qualitative work in their investigations into fatalism, their conceptual framing strongly invites social science methodologies and analysis. Hoffman et al. demonstrate how fatalism intersects with race, class, and access in low-income African American communities (105). Bridge concepts offer shared vocabularies for researchers across fields and help illuminate the lived experience of oral health.
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FIGURE 1
Conceptual orientations beneficial to clinical and social science research.


For the clinician, oral health fatalism is an empirical variable: does the belief that teeth inevitably fall out reduce preventive behaviors or discourage treatment adherence? For the social scientist, fatalism signals a broader cosmology of inevitability and powerlessness, often rooted in structural exclusion, religious worldviews, or cultural practice. Both orientations are valid but ask different questions of the same phenomenon. As a bridge concept, fatalism allows alignment: clinicians situate patient beliefs within cultural practice, while social scientists connect meaning and power to health outcomes.

Other examples include tooth shame (73)—clinically relevant for its effect on utilization, and socially significant as a stigmatized affect shaped by cultural norms—and status passage (74), where dental status is both a clinical event and a socially meaningful transition in identity. Bridge concepts avoid reduction to either variables in regression models or purely cultural constructs. Instead, they establish common ground for interdisciplinary collaboration, moving research beyond methodological borrowing toward co-production of knowledge.

While these collaborations underscore the value of social context in care delivery, they also expose the persistent challenges of interdisciplinary work. Differences in epistemology, communication style, and disciplinary hierarchy can inhibit the integration of social science into clinical education and research. Yet these tensions are not merely obstacles—they are productive. As anthropologist Anna Tsing defines frictions, “the awkward, unequal, unstable, and creative qualities of interconnection across difference,” they generate opportunities for reflexivity, institutional critique, and more expansive forms of inquiry (106).

The structural position of dentistry itself complicates these collaborations. Dentistry's longstanding separation from medicine and its partial alignment with the personal service sector have shaped how oral health is perceived, accessed, and funded (107). As Elizabeth Mertz argues, the enduring “dental–medical divide” presents challenges for researchers and clinicians alike, especially in a moment of technological transformation (e.g., telehealth, machine learning) and growing pressure for interprofessional cooperation (108).

Bridge concepts offer analytical traction but require careful operationalization to avoid the pitfalls of terms like CaLD (Culturally and Linguistically Diverse), which are often used uncritically to vaguely index non-Western, non-European or Anglo origins, obscuring structural inequalities. Scholars such as Calvasina et al. rightly critique the overuse of cultural labels without sufficient theoretical grounding (70). In practice, such concepts can be operationalized by designing studies that integrate qualitative accounts of experience with quantitative or biomedical indicators—for example, pairing interview-based narratives of stigma or care-seeking with clinical measures of oral health outcomes. This approach does not attempt to quantify culture or meaning; rather, it situates these dimensions as practical components of evidence, allowing multiple forms of knowledge to speak to one another. As part of a translational research agenda, bridge concepts function as intermediaries between social inquiry and clinical application, guiding the design of interventions and the interpretation of outcomes in ways that remain sensitive to lived experience.

The health sciences too have developed frameworks that recognize the interrelated variables that govern health outcomes. Complexity theory is a highly relevant approach that accounts for the dynamic interplay of biological, behavioral, and social processes (109). For oral health research, this orientation underscores that individual outcomes are shaped simultaneously by biological factors, structural inequalities, clinical systems, and cultural norms. Key to this insight is that there are multiple feedback loops that inform the outcomes of complex systems.

Bridge concepts help clarify how social, material, and biological processes interact dynamically over time. They encourage researchers to conceptualize oral health as an emergent property of interconnected relationships—linking individual behavior, social context, and policy environment—rather than as a set of isolated clinical events.

Across the reviewed studies, theoretical frameworks were used unevenly and often implicitly. Future research would benefit from making these theoretical orientations more explicit. While qualitative techniques can be applied productively across disciplines, it is important to recognize that social science methodologies are shaped by the theories from which they emerge. Attending to this connection can deepen interdisciplinary collaboration, reflect a shared investment in the intellectual foundations of the methodology, and enhance the interpretive power of qualitative inquiry in oral health research.

As oral health research continues to evolve, interdisciplinary collaboration ought to improve the discrete toolkit model and move toward co-production. Social science is not merely a supplement to clinical inquiry—it has the potential to reshape how oral health is understood, taught, and practiced. This will require institutional commitment, curricular reform, and a willingness to engage with complex relationships that eludes clear generalization.

Based on our review of articles published from 2015 to 2025, three primary purposes for integrating social science into oral health research emerge resulting in distinct types of research (Figure 2). First, some researchers use social frameworks to enrich quantitative data and add interpretive depth. Second, social science methods are valued for their ability to understand behavioral logics, cultural practices, and institutional constraints that shape oral health outcomes. Third, social and behavioral sciences are often mobilized to improve clinical outcomes, particularly through the identification of behaviors and practices most ideal for intervention. Figure 2 depicts these three modes, illustrating the spectrum of interdisciplinary collaboration, from studies that apply social theory conceptually to those that embed social methods within clinical and public-health designs. Similar functions of qualitative research have also been outlined elsewhere (110).


[image: Infographic listing three purposes for social science in oral health research: quantitative enrichment involves using social frameworks for quantitative data; qualitative insight involves understanding behavioral logics and constraints; clinical improvement involves identifying practices ideal for behavioral intervention.]
FIGURE 2
Three modes of oral health research using social science methodologies.


These motivations reflect distinct epistemological commitments as to what counts as evidence. Clinicians often seek to identify levers for behavioral change—reducing sugar intake, increasing fluoride use, or improving hygiene practices. Social scientists, by contrast, situate behavior within broader structures of constraint and meaning. At stake is the locus of control: are the most actionable variables for improved outcomes managed by individuals or the networks and environments that shape their choices? In the literature, locus of control is posed as an internal-external binary, where internal locus of control refers to a person's belief that they have the capacity to positively affect their health outcomes, whereas external locus of control refers to a person's belief that their outcomes are a result of chance, fate, or powerful others (104, 111, 112). Typically, a defined locus of control is a commentary on the belief of the patient, but it is also undoubtedly a construct advanced by researchers to describe sites of intervention.

There are tensions between clinical and social science orientations toward such a concept that have significant implications for dental education, public health policy, and interdisciplinary collaboration. Figure 3 visualizes the disciplinary tension between sites of intervention identified within oral health research—from individual behavior to structural determinants. By placing these orientations along a shared axis, the figure highlights how interdisciplinary synthesis depends on bridging micro-and macro-level analyses. To realize the promise of interdisciplinary collaboration, we must accommodate both the rigor of behavioral science and the depth of social inquiry. Bridge concepts, scalar frameworks, and social science methods are essential tools for understanding oral health as a lived, social, and ethical phenomenon that diversely trained researchers can meaningfully engage.
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FIGURE 3
Loci of control as sites of intervention: contrast of individual and structural approaches.


To advance the field, institutions ought to invest in interdisciplinary training and support the integration of social science into dental education. This includes modules on qualitative methods, cultural theory, and concepts like power and inequality. While dental education increasingly introduces students to ideas like SDoH, there is still a gap between exposure and integration. Take dental home as an example—a foundational concept in dentistry that emphasizes the importance of a consistent, trusted clinical relationship. Sustaining such a relationship also requires navigating broader social realities: the ability to pay, mobility, the fear of judgment or shame, cultural expectations, and institutional access. In this sense, dental care is never only technical—it is also deeply social. Dental schools ought to design curricula and facilitate field experiences that reflect this reality.

Research must prioritize interdisciplinary studies on SDoH, using mixed methods and community engagement to ensure relevance. In practice, clinicians should adopt patient-centered care models, apply behavioral interventions and advocate for policies that reduce disparities. By embedding social science principles across education, research, and clinical practice, dentistry can move toward equitable, holistic care that improves population oral health.

Social science becomes especially relevant when we shift focus from dentistry, the profession, to oral health as a societal goal. Figure 4 presents a framework for understanding oral health outcomes. The concentric rainbow bands illustrate how determinants of oral health operate at multiple, interacting levels—from individual characteristics and lifestyle behaviors to living and working conditions, community networks, and wider socioeconomic, cultural, and environmental contexts. This model highlights that oral health is shaped by biological and behavioral factors, social structures, cultural meanings, and policy environments that distribute resources and risk. While dentists and dental hygienists are on the front lines of patient care, their work is shaped by policies, economics, and social dynamics that extend beyond the clinic. The social sciences contribute essential insight into how these larger forces influence behavior, trust, access, and outcomes.
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FIGURE 4
SDoH at scale; adapted from the Dahlgren and Whitehead rainbow model (116).


Clinical and translational research links biology to outcomes but cannot reduce disparities alone, as advanced treatments often widen equity gaps because of barriers to accessibility. Individual behaviors—diet, hygiene, smoking, literacy—require clinical and behavioral research to inform interventions. Living and working conditions such as housing, education, and healthcare access demand interdisciplinary study, while community networks and cultural norms highlight the need for culturally responsive, community-based approaches. These layers underscore that advancing oral health equity requires interventions across biological, behavioral, social, and structural domains.




5 Summary and future directions

This review has traced the evolution and diversification of social science contributions to oral health and dentistry, emphasizing recent articles published between 2015 and 2025. Across the sections, some key insights emerge. First, contemporary research has expanded engagement with qualitative methods and tends to emphasize key populations of interest, including immigrants, caregivers and children, and the elderly—populations whose oral health experiences are shaped by cultural logics, structural constraints, and institutional access. Second, qualitative and mixed methods approaches are central to this work, offering high-resolution accounts of lived experience and enabling researchers to interrogate the social dimensions of oral health with greater nuance. Building on earlier reviews, this paper provides a conceptual synthesis that maps existing contributions and outlines actionable strategies for integrating diverse disciplinary perspectives.

The scarcity of social science oral health research from low and middle-income regions reveals a structural gap in global research production. Addressing this disparity will require long-term collaboration and capacity-building initiatives that support locally grounded, interdisciplinary inquiry.

A central limitation in much qualitative oral health work is the loose or implicit use of theory. Future studies should clearly articulate theoretical frameworks drawn from the social sciences to sharpen analytic focus and enable comparison across studies. Valuable theoretical frameworks have been developed across multiple domains of social inquiry, e.g., ecological and social environment models; practice theory and intersectionality; embodiment and phenomenology (17, 113–115). Many of these frameworks have already proven fruitful in oral health research. Explicit theory-building of this kind will allow qualitative findings to inform intervention design and policy more directly, particularly in geriatric dentistry and community-based oral health promotion, where conceptual clarity can guide equitable and sustainable practice.

The field has also seen the emergence of new conceptual tools. Bridge concepts are useful in linking clinical phenomena to broader social theory. These concepts facilitate interdisciplinary collaboration by providing shared analytical vocabularies. They should be further elaborated upon and operationalized to guide both research and practice. Looking ahead, future frameworks should build on these insights by the co-production of research conventions that connect individual behavior to structural determinants in a way that is persuasive to diversely trained members of the oral health research community. Scalar approaches offer a promising model, emphasizing the need to consider influences at multiple levels—from the individual to the global, with a call for more middle-range efforts. Researchers should also continue to recruit pre-existing health frameworks that integrate existing knowledge systems into oral health practice.

In sum, the future of oral health research lies in its ability to engage with complex relationships—recognizing that more than a clinical outcome, oral health is a social, cultural, and ethical phenomenon. Social science perspectives do more than contextualize clinical findings; they can be emancipatory by exposing institutional blind spots, amplifying under-resourced voices, and reconfiguring care toward equity and dignity. Realizing this potential requires institutional changes—embedding qualitative and critical methods in curricula, funding community-partnered research, and valuing reflexive practices in clinical evaluation. When social inquiry is treated as central rather than peripheral, oral health research and practice gain the conceptual tools necessary for more impartially distributed, responsive, and theoretically grounded approaches to care.
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Background: Oral health is an important part of general wellbeing, but in the United Kingdom there are substantive inequalities, especially based on ethnic minority and ageing. There is a poor quality of life, a lack of awareness and preventive measures, and periodontal disease contributes to loss of teeth, poor nutrition, and poor quality of life. Ageing adults among Indians in Luton are an under-studied group whose experiences could inform the interface of cultural, structural, and psychosocial determinants of oral health.
Aim: The research aimed to understand the lived experiences of ageing Indian adults in Luton with respect to periodontal health, dental service provider access, and the impacts of cultural, familial, and emotional factors on oral health behaviours.
Methods: A qualitative research design was adopted where semi-structured interviews of 10 ageing Indian adults living in Luton were conducted. Data were analyzed in terms of their themes using theoretical frameworks of the Health Belief Model, the Social Cognitive Theory, and Intersectionality to identify patterns and meaning in participant stories.
Results: The results showed that the level of knowledge about periodontal disease was low; and most of the participants believed that the gum issues were not a big problem and that everyone got gum problems with ageing. The obstacles to care access were that the NHS was too expensive, too long, and too complicated; the quality of care in the private sector was too high, and it was unaffordable. Fear, mistrust, shame (psychology) also discouraged the use of dental services.
Conclusion and recommendations: This study finds that the interaction of culture beliefs, systemic barriers, and psychosocial variables affects the oral health of older Indian adults in Luton. Periodontal treatment tends to be reactive and symptomatic with little preventive treatment. This research suggests that the main issues will be culturally sensitive oral healthcare education, family- and community-intervention, affordability, access and cultural competence of NHS dental care. It contributes new qualitative evidence on the need for culturally competent, family-engaged, and accessible dental care for ethnic minority older adult in the UK.
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1 Introduction

One of the most common non-communicable oral diseases in the world is periodontal disease. The Global Burden of Disease data show that severe periodontitis is the sixth most common disorder in the world (1). Such a worldwide burden is aggravated by demographic changes. Research reports show that about two out of every three adults over 55 years’ experience periodontal disease (2). Although preserving natural teeth in old age is a positive phenomenon, it also exposes the population to the pathology of periodontal diseases (3). This tendency highlights the shift in demand for long-term periodontal care, which should consider competing frailty and comorbidities in advanced age groups (3). Its high rate in big parts of society suggests that continued monitoring and interventions must be continued.

Substantial evidence indicates the systemic implications of periodontal disease. Chronic periodontitis induces the inflammatory process by releasing cytokines like C-reactive protein and interleukins, which can negatively impact vascular health (4). Meta-analyses indicate that periodontitis patients are older adults who have a high risk of developing cardiovascular diseases. Similarly, diabetes proves to have a bidirectional correlation with periodontal disease. Chronic inflammation in the periodontal region negatively affects glycemic control, and an increase in periodontal care results in a decreased level of HbA1c (5). Additional studies indicate that periodontal disease may have a connection with cognitive deterioration, but the association is not yet conclusive (6). These relationships indicate the multidimensional interdependence of oral and overall health in older age.

There are complex obstacles facing older adults that prevent access to dental care. A UK scoping study indicated the major barriers as cost, mobility limitations, dental fear, and lack of availability of services (7). Such obstacles are exacerbated by such passive barriers as low perceived need in the wearers of dentures (7). Socio-economic deprivation and ethnic minority status are also social determinants, which contribute to even more challenges (8). The survey by The Guardian also indicated that poorer people are disadvantaged in accessing NHS dental and GP services. Also, there are still shortages in the workforce and structural service constraints. These results suggest that low oral performance among older people is not entirely a clinical necessity but a systemic, societal, and personal barrier.

Domiciliary dental care is an important alternative for individuals who cannot visit the traditional clinic because of frailty or mobility issues. Domiciliary services have been proven to be safe, effective, and appreciated by care-dependent adults (9). Nevertheless, there are still huge access-related obstacles concerning providers’ availability, price, and coordination of services. Policy frameworks that provide domiciliary guidelines are still divided and poorly funded. Such facilitators are caregiver training, inter-professional coordination, and supportive commissioning (9). The development of domiciliary programs implies investment in the skills of the workforce and contractual incentives. In the end, domiciliary care can solve life-threatening access problems, yet it is underutilised due to systemic neglect.

The management of periodontal disease in the older adult population needs combined policies of public health that address epidemiological, systemic, and access aspects. Although population-based interventions like fluoridation provide minimal benefits, they are not effective in reaching out to marginalised older populations (8). The policy should encourage including oral health in the chronic disease pathways to exploit systemic health connections (10). Outreach, workforce training, and service delivery models are necessary on a culturally and socioeconomically informed basis. Specifically, domiciliary dental services should be structured, commissioned, and funded to scale (9). Further surveillance and policy adjustments will guarantee that older adult-oriented oral health services will accompany the increasing population of older adult.

The United Kingdom has realised that oral health is important in its public health policies. Nevertheless, current models fail to meet the special needs of older ethnic minorities. To illustrate, the NICE Guideline NG48 states that oral care in care homes is necessary and fails to provide advice on cultural adaptation and specific outreach. The local data of Luton, where more than 12.5 percent of the population aged 55 or older has Indian origins, indicate that older Indian adults tend to feel underserved (11). Such people face structural barriers like language challenges and lack of culturally relevant communication in dental services. The result is that this population group is less likely to use NHS dental services.

Structural inequalities among older ethnic minorities also increase these disparities. The local NHS dental uptake data indicate that people over 55 in Luton use dental services about 30 percent less than the national rates (12). This discrepancy indicates the general infrastructural limitations, including the lack of NHS providers in the areas of deprivation, longer wait times to make appointments and difficulties with transportation among older people who are less mobile (7). Moreover, socio-economic forces facilitate oral disease despite the presence of services (13). Such structural elements indicate that current NHS structures mostly fail this group of older adults.

Ethnicity is a crucial factor in the development of diseases as well as participation in health care. A study in East London showed that South Asian adults, specifically Indian people, experience more periodontal pocketing than White British people, despite the consideration of socio-economic status (13, 14). Moreover, they are more likely to preserve their teeth and have a high level of periodontal problems because of the insufficient use of aggressive treatment methods (13). The reasons behind this tendency are cultural practices, oral hygiene habits, anxiety about dental procedures, and low trust in the health system (14). This combination of biological, cultural, and social influences gives this group an aggravated risk profile.

The study core purpose was to explore the experiences of the ageing Indian population in Luton regarding periodontal disease healthcare.

Based on the study aim, the following objectives were to be achieved


	• To explore the lived experiences and perceptions of periodontal health among ageing Indian adults in Luton, with particular attention to how they interpret oral health changes in the context of ageing.

	• To examine the structural and systemic barriers faced by ageing Indian adults in Luton when engaging with dental services, and to analyse how these challenges influence their decisions to seek or delay care.

	• To investigate the role of cultural traditions, family relationships, and community norms in shaping the oral health behaviours and decision-making of ageing Indian adults in Luton.





2 Methods


2.1 Study design

The study aim was to explore the experiences of the ageing Indian population in Luton regarding periodontal disease healthcare. Semi-structured qualitative interview approach was used because it is a flexible and deep method (15). They strike a balance between the guidance of the researcher and the conversational flow, thereby enabling the participants to expound on the relevant issues and, at the same time, cover the important areas.



2.2 Participant selection

The target population in this research includes Indian adults aged 55 + who live in Luton. These people can be at different stages of interaction with periodontal health services. The lower age boundary of 55 was selected to reflect early onset of oral health disparities that may appear before retirement age. Epidemiological evidence suggests that periodontal conditions often progress significantly in adults from their mid-50s, particularly among ethnic minority groups with long-term exposure to social and structural inequalities in healthcare access. The aim is to seek breadth in lived experience as opposed to prevalence. The available population consists of people who participate in community events, receive domiciliary services, or work with healthcare groups. This renders purposive sampling viable without violating diversity in living arrangements and lifestyles. It makes provision for inclusion based on factors like gender, language, income, and service engagement (Table 1).


TABLE 1 Inclusion and exclusion criteria for study participants.


	Criteria type
	Description

 

 	Inclusion criteria 	Aged 55+, of Indian origin, resident in Luton, fluent in English/Hindi/Telugu, cognitively able to consent and participate, recent dental care contact (last 2 years)


 	Exclusion criteria 	Severe cognitive impairment, terminal illness, and unable to communicate




 

The study’s selection of the population reflects diverse experiences in this community. It involves participants who access NHS dentistry, privately funded care, outreach in churches and domiciliary care. The purposive sampling approach enables the appearance of diversity and the retention of the core phenomenon of the study periodontal healthcare experience. Through community networks, participants will be invited to build trust and ensure the highest cultural accessibility.

The sample size in qualitative research is determined by the concept of saturation, whereby no new themes are identified after further interviewing (16). This approach is different from statistical power calculations, which are more appropriate for quantitative studies. Rather, saturation assures depth and richness of insight. Qualitative work on oral health with ethnic older adult literature indicates that the majority of studies achieve saturation at 10 to 20 interviews (16). Thus, 10 (6) interviews are reasonable to avoid repetitive experiences.

Purposive sampling was chosen because it allows for the purposeful inclusion of respondents who are most likely to offer relevant insight (17). The researcher created a flyer concerning the research which was used in the participant’s recruitment. The flyer was advertised across different social media sites such as Telegram, Instagram, and Facebook. Snowballing was also a useful approach since it allowed the researcher to reach participants that would not be reached with other approaches. The snowballing ensured recruitment of reliable participants and built trust with them. Stratification was done based on gender and living conditions, whether as an independent person, in a multi-generational household, or in care environments (Table 2).


TABLE 2 Recruitment summary by source.


	Recruitment source
	Number approached
	Responded/expressed interest
	Eligible after screening
	Participated (interviews completed)
	Refused/withdrew
	Response rate (%)

 

 	Community events (temple, cultural associations) 	18 	10 	8 	6 	4 	55.6


 	Domiciliary services and healthcare groups 	10 	6 	5 	2 	1 	60.0


 	Social media (Telegram, Instagram, Facebook) 	25 	7 	4 	1 	3 	28.0


 	Snowball sampling (peer referrals) 	8 	5 	4 	1 	1 	62.5


 	Total 	61 	28 	21 	10 	9 	45.9





The most effective recruitment route was ‘domiciliary services and healthcare groups’ because it had a higher response rate.
 



2.3 Setting and data collection

The research was conducted in Luton, a town in southeast England where the ageing Indian community is high (11). The data collection was only conducted through teleconferencing platforms; the participants participated in online interviews. This provided them with flexibility. We scheduled an interview based on the participant’s availability and comfort.

A guide on the interview was developed; this was considered effective in collecting health data. It included open-ended questions that will target access, attitudes, and cultural influences, including: “Can you tell me about a situation when you made a decision to treat your gums?” The interview guide was flexible to follow the leads of the participants. This assists in the authenticity and capturing of meaningful data.

The flow, timing, and relevance of the guide will also be tested by interviewing two people who are not in the main sample as pilots. These pilots will take approximately 15–20 min and give feedback on the clarity of questions. The changes were made according to the participants’ responses and understanding. Piloting is also useful in perfecting translation and detecting ambiguous phrases (Figure 1).
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FIGURE 1
 Study data collection process.




2.4 Data analysis

I adopted the six-step thematic analysis framework of Braun and Clarke to interpret the narratives of the ageing Indian adults in Luton (Figure 2).

[image: Flowchart illustrating the thematic analysis process, beginning with familiarisation with data, generating initial codes, searching for themes, reviewing themes, defining and naming themes, and producing the report, each step including brief explanatory points.]

FIGURE 2
 Data analysis process.


Thematic analysis was applied to analyse data according to the six-step approach by Braun and Clarke (18). First, immersion and familiarisation were done by reading transcripts repeatedly. Line-by-line coding was performed on the basis of semantic meaning. A list of codes was developed based on the data that was collected and the research objectives. These codes were organised into some initial themes, which were revised and refined back and forth. This procedure aids in the interpretation of trends in regard to access, beliefs, and contextual influences. Themes were specified, labelled, and presented with quotes from the participants. Such an approach guarantees systematic and reflexive analysis in accordance with interpretive principles.



2.5 Ethical approval and participants protection

The research complied with the principles of Respect of Persons, Justice, Beneficence and Nonmaleficence. Institutional oversight was achieved by the ethical approval of the University Ethics Committee. Informed consent was sought both verbally before the interview and in written forms. The participants were made aware of their rights to withdraw without any penalty. Emotional health will also be observed, and the interviewers will pause or halt when the participants are distressed. These protocols guarantee the ethical integrity and safety of the participants during the study.




3 Results

Steps followed for my data analysis (Table 3).


TABLE 3 Steps followed for my data analysis based on thematic process by (18).


	Thematic step
	Examples from participants (Arjun → Kiran)
	Initial themes

 

 	Familiarisation 	Arjun: cavity treated after wife urged;
 Ravi: bleeding gums, fears cost;
 Meera: bleeding gums, trusts dentist;
 Anita: sensitive teeth, veneers, private care;
 Priya: occasional bleeding, neglects dentist;
 Sita: long NHS waits, gum pain;
 Lakshmi: gum bleeding, avoids dentist;
 Shobha: hesitates to seek care;
 Radha: avoids dentist due to cost;
 Kiran: persistent gum bleeding, reluctant care 	Limited awareness, access barriers, family influence, emotional dimensions


 	Initial ideas 	Common issues: bleeding gums, delays, neglect, reliance on family; Differentiation: some proactive (Anita, Meera), others neglectful (Priya, Radha) 	Shows spectrum of awareness and coping


 	Generating codes 	“Bleeding while brushing,” “appointments expensive,” “wife convinced me,” “painful treatment,” “private dentist,” “delay visits,” “fear of dentist” 	Codes grouped into awareness gaps, financial/access barriers, family role, fear and emotional distress


 	Line-by-line coding 	Highlighted participant phrases:
 Arjun: “wife compelled me”;
 Ravi: “dentists are expensive”;
 Meera: “dentist advice helped”;
 Anita: “I floss daily”;
 Priya: “not seen dentist in years”;
 Kiran: “gum bleeding continues” 	Clear clustering around avoidance, cost, family influence, awareness


 	Searching for themes 	Patterns:
 - Family as motivator (Arjun, Meera)
 - Cost/delay barriers (Ravi, Priya, Radha, Kiran)
 - Emotional reluctance/fear (Shobha, Lakshmi)
 - Higher awareness in private care (Anita) 	Emerging themes consistent with report


 	Reviewing themes 	Checked across all 10 interviews → overlap in barriers, limited awareness, family role, fear. Some unique: Anita (private dentistry), Kiran (persistent but untreated symptoms) 	Ensures themes capture diversity but remain coherent


 	Defining and naming themes 	“Limited Awareness” = normalising bleeding as ageing (Priya, Radha)
 “Access Barriers” = NHS wait times, high cost (Ravi, Kiran)
 “Family Influence” = spouse encourages care (Arjun, Meera)
 “Cultural Beliefs” = reliance on remedies, shame in seeking care
 “NHS vs. Private” = Anita’s experience
 “Emotional Dimensions” = fear, avoidance (Lakshmi, Shobha) 	Themes aligned with objectives


 	Producing report 	Selected vivid quotes:
 Arjun: “my wife compelled me…”
 Ravi: “dentists are expensive”
 Priya: “not seen dentist for years”
 Anita: “I floss daily”
 Kiran: “gum bleeding continues” 	Used as evidence in analytic narrative





All the names used in the table and in the interview, transcripts are pseudo names.
 


3.1 Key findings

The collected data was analyzed using thematic analysis to understand the emerging themes. The table below summarizes the themes found in the collected data (Table 4).


TABLE 4 Themes in the data.


	Theme
	How the theme emerged from transcripts
	Supporting evidence (quotes/transcript extracts)
	Analytical interpretation

 

 	Limited awareness of periodontal health 	Participants often described bleeding gums and sensitivity as ‘part of ageing’ rather than preventable disease, showing limited awareness of periodontal health. Quotes included: ‘I do not know much about gum disease… I just brush twice daily’ and ‘They think it’s a small thing.’ 	‘I do not know much about gum disease… I just brush twice daily.’; ‘They think it’s a small thing.’ 	Low awareness normalises gum disease as part of ageing, reducing motivation for preventive care.


 	Barriers to accessing dental care 	Most respondents described NHS dental care as difficult to access due to long waiting times and high costs. Quotes included: ‘Getting an NHS appointment is really hard’ and ‘Even just the consultation is £90, too expensive.’ 	‘Getting an NHS appointment is really hard.’; ‘Even just the consultation is £90, too expensive.’ 	Systemic barriers like cost, waiting times, and appointment difficulties delay or prevent treatment-seeking.


 	Influence of cultural beliefs and practices 	Several participants mentioned using turmeric, clove oil, or salt rinses as remedies, delaying professional care. One said: ‘They used to tell like some homemade tips, that is very helpful actually.’ 	‘They used to tell like some homemade tips, that is very helpful actually.’; ‘Using turmeric and lemon.’ 	Cultural remedies fill gaps left by systemic barriers but can perpetuate delays in professional care.


 	Family influence 	Decisions about seeking care were often shaped by family encouragement or neglect. For example: ‘My wife convinced me to see the dentist’ and ‘My husband books for both of us.’ 	‘My wife convinced me to see the dentist.’; ‘My husband books for both of us.’ 	Family acts as both a barrier and facilitator in oral health behaviour, highlighting relational influence.


 	NHS versus private dentistry 	Participants compared NHS with private care, describing NHS as overburdened, while private practices were ‘cleaner, faster, and more modern’ but unaffordable. Example: ‘Private ones have better equipment but are too costly.’ 	‘Private ones have better equipment but are too costly.’; ‘NHS dentists are rundown and busy.’ 	Perceptions of unequal quality between NHS and private dentistry highlight inequities in access.


 	Psychological and emotional dimensions 	Emotional responses such as fear, shame, and embarrassment discouraged visits. Quotes included: ‘I feel quite scared of dentists’ and ‘It’s very painful, so I avoid going until I must.’ 	‘I feel quite scared of dentists.’; ‘It’s very painful, so I avoid going until I must.’ 	Fear and embarrassment compound structural barriers, leading to avoidance and delayed treatment.




 


3.1.1 Limited awareness

Participants exhibited low levels of awareness of the fact that periodontal disease is a preventable condition and tended to attribute such symptoms as gum bleeding or sensitivity to ageing. This observation is consistent with other studies that show that low oral health literacy is still present in older South Asian populations in the UK (19). Most participants failed to associate the early symptoms with underlying pathology, and instead, they accepted them as part of their ageing. This normalisation is a blow to preventive care like frequent scaling, flossing, or early referral to a specialist. The inability to see oneself as prone to illness lowers the chances of behavioural change, as stated by the Health Belief Model (20). Where information existed, it was usually incomplete and was based on family or community sources, but not on health promotion campaigns.

There was a lack of understanding of preventive dentistry among participants, with oral health maintenance being defined mainly in the context of brushing frequency as opposed to an overall approach. Only a few people cited interdental cleaning or the awareness of periodontal pocketing as signs of progression of the disease. Instead, people talked about reactive care, i.e., trying to get treatment only when the pain or other visible symptoms become unbearable. Such a reactive orientation aligns with the results of studies of South Asian populations who claim that they visit dentists only in case of emergencies (14). The inability to be preventatively oriented is compounded by the fact that there are no culturally specific educational tools in Luton.



3.1.2 Access barriers

The most common theme in all interviews was the inability to access cheap and timely dental care. The main reason given by participants was financial limitations, especially in relation to the NHS charges that were felt to be unpredictable and costly. Some participants said that they delayed treatment due to the fear of the possibility of hidden charges, which has been reported in UK dentistry (7). NHS exemptions were not always clearly understood, and eligibility criteria were considered to be obscure. These results indicate that obstacles are not only financial but also informational, which strengthens the existing disparities. Structural disparities in service delivery also exacerbated cost-related issues, with participants explaining that they had difficulty obtaining appointments in a timely manner.

Language and cultural barriers also contributed to the fact that they were deterred. Some of the respondents complained about feeling discomfort when interacting with dental offices, where they felt that the communication was hurried or culturally insensitive. The use of family members to translate also posed a challenge to those with low levels of English proficiency because it led to privacy issues and a lack of autonomy when making healthcare decisions. Structural obstacles such as an inaccessible appointment system and inflexible scheduling also worsened the case of older participants who were limited in mobility. The compounding effect of financial, linguistic and organisational barriers depicts how intersectional disadvantages limit the utilisation of services.



3.1.3 Cultural beliefs

Cultural beliefs and practices were identified to affect how the participants perceived and responded to the periodontal symptoms. Some of them claim to use natural remedies such as clove oil, turmeric, or salt rinses to cure the pain or tenderness of the gums. These practices, however, only provided temporary relief of the situation, which slowed down the access to professional services, thus increasing the pace of the disease development. The employment of home remedies is an indicator of intergenerational knowledge systems based on Indian cultural traditions of Ayurveda and home-based care. Although these practices may not be necessarily harmful, they are dominant in the absence of awareness of preventive dentistry, thus resulting in underutilisation of formal services.



3.1.4 Family influence

Family structures were very instrumental in influencing the oral health behaviours and access to healthcare among the participants. Women especially reported that oral health decision-making was dependent upon the approval or encouragement of the spouse, and this was indicative of gendered relationships in the South Asian household. Caregiving obligations caused some women to postpone dental appointments because they had to prioritise the needs of their families over their own health. These testimonies are consistent with larger gendered health inequities, in which women have limited health-seeking behaviour due to cultural demands of responsibility and decency (14). On the other hand, other participants described positive family engagement, including spouses urging them to visit on a regular basis or children making appointments.



3.1.5 NHS vs. private care

Participants had varied experiences of NHS dentistry, and cost-effectiveness was cited as its main strength. However, there was a general dissatisfaction with NHS services, especially with regard to the availability of appointments and the perceived lack of personalised care. Numerous participants reported hurried consultations in which they did not feel that their concerns were properly addressed. Participants were more likely to contrast these experiences with the notion that private dentistry is more attentive and consistent. It was also believed that private treatment was unaffordable to most people, and this led to the lower-income households feeling left out. The superiority of private care created a sense of frustration and mistrust of the NHS dentistry. Some participants were sceptical that NHS dentists were more financially efficient than patient-centred, which created the feeling of neglect. In comparison, the private practitioners were said to be more communicative and culturally sensitive, although such services were mostly not accessible.

Findings reveal that perceptions of NHS dentistry as rushed, impersonal, and inaccessible compared with private care undermine trust and equity in service provision. Participants’ experiences of long waits, limited communication, and cultural insensitivity point to systemic under-resourcing rather than individual choice. Policy change is needed to strengthen NHS dental capacity through improved funding, workforce allocation, and culturally competent training (2). Integrating interpreter services and patient-centred communication protocols could enhance accessibility and satisfaction. Addressing these structural gaps would promote fairness, rebuild trust, and ensure that quality oral healthcare is not dependent on income or cultural familiarity.



3.1.6 Emotional dimensions

Fear and mistrust were key emotional responses to dental care that were reflected in the narratives of participants, and were major drivers of behaviour. Dental fear was usually based on previous unpleasant experiences, whether they were painful procedures or unprofessional communication with the practitioners. Such memories led to long-term avoidance behaviours that perpetuated the use of symptomatic or home-based care. The respondents reported fear of physical pain during treatment as well as the financial cost. The combination of emotional and structural barriers in this way created cumulative barriers to care-seeking.

Shame also appeared to be a big emotional obstacle. Others stated that they were embarrassed by their teeth or gums and feared being judged by the dentist. This sense of stigma discouraged frequent visits, and this led to avoidance patterns. The shame was especially strong among women, who referred to oral health as a manifestation of personal hygiene and self-care. These accounts demonstrate the importance of cultural beliefs of humility and self-representation to medical experiences. Shame is an emotional burden that is not commonly discussed in oral health interventions, which tend to be limited in scope to structural or behavioural obstacles.





4 Discussion

The research established that the participants had limited knowledge about periodontal disease beyond the visible or symptomatic signs of the disease, like gum bleeding or pain. Most people explained these symptoms as part of the normal ageing process instead of conditions that could be prevented through clinical intervention. Such perception is indicative of a larger trend of poor oral health literacy among South Asian communities in the UK (13). Preventive measures like interdental cleaning, routine scaling or periodontal pocket monitoring were not frequently mentioned by the participants. Rather, the dental visits would be delayed until the pain became unbearable, further instilling a reactive versus preventive approach. This is in line with the Health Belief Model, which argues that low perceived susceptibility and perceived benefit decrease the chances of preventive health behaviour (20). Poor awareness is thus a major impediment to early diagnosis and treatment of periodontal disease among minority ageing groups.

The other aspect of the lack of awareness was the information sources. Participants tended to use informal knowledge that was shared through family, community or cultural networks instead of evidence-based health information. Although these networks are valuable support systems, they can, in fact, perpetuate misconceptions or fatalistic beliefs about oral health. As an example, the participants explained that gum bleeding is normal or part of growing old, which deterred them from seeking early treatment. Valdez et al. (19) note that ethnic minority groups tend to have disparities in access to culturally appropriate oral health information, which is why disparities persist. This is aggravated by the lack of specific public health campaigns for the older South Asians in Luton. Thus, to improve the periodontal health outcomes, it is necessary not only to increase the awareness on an individual level but also to create system-level interventions that would offer culturally appropriate oral health education.

The cost factor was always mentioned as a major impediment to dental care. Respondents reported that NHS charges were heavy and unpredictable, thus causing delays in treatment until conditions became serious. This is in line with the findings at the national level that affordability is one of the greatest obstacles to oral healthcare in the UK (7). The economic burden is also disproportionately borne by lower-income households, which are over-represented among ethnic minorities because of structural disparities in the labour market and income (21). In this sense, the economic aspect of access cannot be isolated from the other social factors of health. Unless the NHS dental pricing and subsidy schemes are reformed, cost will continue to be a constant obstacle to ageing minority adults.

Such financial issues were compounded by structural and organisational barriers. Respondents complained about the inability to get an appointment in the NHS, long waiting lists, and short consultations. NHS Digital (12) has also reported the reduction in NHS dental capacity, especially after the COVID-19 outbreak, and unmet needs in England. The problem was exacerbated by the inability to communicate and the absence of culturally sensitive interpretation services among the participants with poor English language skills. A study by (22) supports this claim and shows that linguistic and cultural barriers also marginalise minority patients, adding to mistrust and underutilisation. These results depict how financial, organisational and cultural barriers interact, forming a multilayered disadvantage to ageing Indian adults in Luton. These obstacles must be overcome by changing the system to comprehend the complexity of oral health disparities.

The cultural beliefs had a significant impact on the way the participants conceptualised and reacted to the issue of periodontal health problems. Clove oil, turmeric, or salt rinses were some of the traditional remedies that could be used to treat gum pain or sensitivity as a first-line treatment. These remedies are founded on Indian Ayurvedic traditions, which ensure the continuity and resourcefulness of migrant communities. Nonetheless, the use of such remedies also tended to slow professional intervention and, as a result, the development of periodontal disease. According to (14), South Asians in the UK are more likely to retain their natural teeth than the White British, but they are more likely to have untreated periodontal disease. These results indicate that cultural practices need not be rejected but incorporated into learning strategies that can help close the gap between traditional beliefs and biomedical knowledge. The appreciation of cultural practices can be used to build trust and enhance the interaction with formal services.

Fatalism was another theme that reoccurred in the stories of the participants. The attitude of many was that tooth loss and gum disease were part and parcel of ageing, and this discouraged the desire to adopt preventive measures. This inevitability is consistent with the studies that have demonstrated fatalistic beliefs towards chronic illness in the South Asian population. Fatalism may be viewed as a cultural conviction as well as a coping mechanism in situations of structural exclusion, where people do not feel that they have access to services.

The family dynamics were also important in the way the participants engaged in oral health behaviours and access to care. The women in the study explained that they would put the health of spouses and children before their own and would postpone dental visits until they had time to attend to their family. This can be compared to the studies that discovered that women of South Asian descent tend to put their families first before their health. The approval of spouses was also cited as a factor that made women seek care or not, which shows that oral health decision-making was not completely independent. These results show that oral health behaviours are entrenched in the household dynamics where the overall household priorities supersede the health-seeking behaviour of an individual.

Respondents were not satisfied with NHS dental services and frequently reported rushed visits, excessive wait times, and the feeling that they did not receive personal care. These grievances are associated with the countrywide statistics that the NHS dentistry is overburdened, and the reports about the unmet demand and the disparity of services are broad (12). People did not trust the service, and the notion that NHS care was all about efficiency and not about the well-being of patients was a common theme. Participants who had undergone NHS dentistry felt that NHS dentists were financially motivated to offer the least care possible, which furthered a feeling of neglect. Such perception, whether true or false, erodes patient trust and prevents the use of preventive services. The opposite was true when it comes to private dentistry, which was always reported to be more attentive, personalised and culturally sensitive. Participants felt that the private practitioners were more open to explaining the processes and discussing issues. The affordability was, however, a key obstacle, especially to the lower-income participants.

Psychological factors have been found to be strong determinants of participants’ oral health behaviours. The fear of dental treatment was widespread, and it was usually based on the previous traumatic experiences of painful extractions or insensitive communication of practitioners. Dental fear has been well documented as a significant impediment to service utilisation, especially in the older adult population (23). Fear was also compounded by mistrust in NHS dentistry in this study, where the participants felt that their concerns were not addressed fully. Such psychological obstacles gave way to avoidance patterns, which further strengthened the use of crisis-based care and traditional solutions. Remarkably, fear was associated not only with physical pain but also with financial anxiety, which is a sign of the twofold burden of psychological and structural impediments.


4.1 Critical analysis of themes in relation to theoretical frameworks

The study’s themes collectively illustrate the multidimensional nature of oral health behaviour among older Indian adults in Luton, where individual beliefs, social contexts, and intersecting inequalities interact to shape care-seeking patterns. The Health Belief Model (HBM) helps explain the limited awareness and reactive orientation observed among participants (7). Low perceived susceptibility—evident in viewing bleeding gums as part of ageing—reduces preventive motivation. However, HBM’s focus on individual cognition neglects the structural and cultural constraints revealed here, such as financial barriers, linguistic exclusion, and institutional mistrust. These findings confirm critiques that HBM underrepresents systemic and emotional influences, including fear and shame, which override rational risk–benefit reasoning in this group.

The Social Cognitive Theory (SCT) provides further insight into the role of environmental and relational factors. Family encouragement and peer norms strongly shaped participants’ health actions, aligning with SCT’s emphasis on observational learning and self-efficacy. Yet, structural limitations—scarce NHS appointments, inflexible systems, and socioeconomic disadvantage—restricted participants’ ability to act on these social reinforcements. This demonstrates SCT’s partial limitation: while it recognises social influence, it assumes a level of agency not always possible within constrained environments.

The Intersectionality framework is essential for understanding how ethnicity, age, gender, and class intersect to produce compounded disadvantage. Cultural practices such as using home remedies reflect both resilience and marginalisation, arising from linguistic isolation and limited culturally appropriate information (7). Women’s narratives of caregiving and modesty reveal gendered inequalities in oral health prioritisation, while the contrast between NHS and private care underscores class-based exclusion. Intersectionality therefore situates individual beliefs and behaviours within broader systems of inequality that neither HBM nor SCT fully capture. Together, these frameworks highlight that improving periodontal health among ethnic older adult requires not only behavioural change but structural reform and culturally responsive service design.



4.2 Limitations

The small, non-representative sample of 10 ageing Indian adults living in Luton is a limitation of this study as it limits the scope of generalizability of the findings to the general South Asian or minority groups in the United Kingdom. The study was a qualitative inquiry, although depth, not breadth, was desired, the small sample could have missed significant differences of experiences among the socio-economic or linguistic or religious subgroups of the Indian community. In addition, it is possible that due to the use of self-reported accounts, there is a risk of recall bias and social desirability bias that could have affected the description of oral health behaviours by the participants. Pragmatism would also have restricted the development of rapport, and would have disqualified people who were not digitally savvy or had no access to the interview due to the use of online interviews or scheduled interview.




5 Conclusion

Poor health literacy and fatalistic beliefs limit the preventive behaviours due to limited awareness of periodontal disease. Structural barriers limit access to care, including affordability, NHS capacity, and linguistic barriers. Cultural practices can be resilient and a source of continuity, but can also be a barrier to the use of biomedical care when used alone. Family influence is found to be both a limitation, in terms of gendered expectations, and an asset, in terms of intergenerational support. The emotional reactions like fear and shame contribute to avoidance, whereas the systemic inequalities between the NHS and private care increase the disparities. Collectively, these results describe the interplay of cultural, structural, and psychological determinants in the development of oral health outcomes.

Culturally and structurally specific public health practice is required to directly address cultural and structural barriers to improve periodontal health outcomes in ageing Indian adults. Policymakers should also increase the interaction between dental services and community organisations and integrate oral health into ageing and chronic disease policies. The policy shift to equity and inclusivity is possible through the placement of oral health within the broader determinants of health.

To address the disparities highlighted in participant experiences, three key policy recommendations are proposed


	• Increase funding to reduce waiting times and support flexible appointment systems for older adults, including domiciliary and weekend services.

	• Mandate regular staff training on cultural communication, use of interpreters, and sensitivity to South Asian oral health beliefs to improve patient trust and understanding.

	• Partner with local Indian community centres and religious institutions to deliver multilingual oral health education, preventive check-up days, and guidance on navigating NHS entitlements, reducing reliance on informal remedies and ensuring equitable access to care.



Research on interventions is also required to assess the effectiveness of culturally adapted oral health education, family-centred approaches and community-based outreach. Community-based participatory research (CBPR) is one participatory research approach that might help in ensuring that affected communities are part of the design of interventions (24). Engaging communities in the research process will enable research studies to generate findings that are rigorous and socially effective.
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