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Editorial on the Research Topic Oral Diseases and Prevention in Pregnant Women, Infants and Preschool Children


The period from pregnancy through early childhood is a cornerstone for lifelong health (1). Oral health is a critical, yet often overlooked, component of this foundation. Gestational physiological changes during pregnancy can aggravate maternal oral diseases, influencing both birth outcomes and the child's future oral health (2). The early postnatal years are equally critical for shaping long-term oral health. During this period, the oral microbiome is assembled, primary teeth erupt, and dietary as well as oral health-related habits are formed.

This Research Topic brings together diverse research to advance our understanding and response to oral diseases in these vulnerable groups. The contributing articles can be synthesized into three themes: the burden and risk factors of early childhood caries (ECC), the biological and prenatal factors on oral health and the implementation of strategies for prevention and policy.


The burden and risk factors of ECC

A clear understanding of the burden of ECC is the first step toward effective action. The study on the Global, Regional and National Burden of Deciduous Dental Caries (1990–2021) provided a critical macro-level perspective, revealing that despite modest global declines, ECC remained a global public health challenge. It disproportionately affected regions with medium and low socio-demographic indices. This report sounds an unequivocal warning that without targeted interventions, ECC will likely exacerbate existing health disparities.

Complementing this global view, several studies delved into the specific risk and protective factors at the individual level. Cross-sectional studies from Shijiazhuang and Huizhou, China, indicated a high prevalence of ECC in China and identified several key modifiable factors. High-frequency consumption of sugary foods and drinks before bed were significant related to the prevalence of ECC. In contrast, protective factors such as toothbrushing before sleep, the use of fluoride toothpaste and regular dental examinations were associated with reduced dental caries. Furthermore, the Shijiazhuang study moved beyond the oral cavity. It demonstrated a significant inverse correlation between dental caries severity and weight-for-height scores, underscoring the link between ECC and a child's nutritional status.



Biological mechanisms and prenatal factors

The second theme explored in this Topic shifted the focus to the underlying biological mechanisms and the surprising prenatal factors that related to oral health. The comprehensive review on the Oral Microbiome in Children reframed our understanding of the oral cavity as a complex ecosystem. It detailed how modern genomic technologies had illuminated the shift from a symbiotic microbial community to a dysbiotic state that drive diseases like dental caries, providing the biological rationale for the behavioral risks identified elsewhere.

Adding a profound dimension to this study, the prospective birth cohort study on prenatal maternal hormones revealed that the blueprint for oral health may be laid before birth. It reported that higher maternal salivary levels of cortisol, estradiol and other hormones in late pregnancy were associated with the pace of primary tooth eruption in early childhood. The results suggested that prenatal milieu was an under-recognized determinant of dental development. This opens new research frontiers focused on how very early-life exposures influence lifelong oral-health outcomes.



Implementing prevention: From education to policy

Knowing the “what” and “why” of ECC is futile without effective implementation of the “how.” The final group of articles addresses this translation gap, offering insights from the frontline of prevention. The systematic review on Carer Perspectives provided an essential human-centered lens, revealing that parents view oral health and weight holistically as part of overall “child wellness.” This finding is crucial for designing non-stigmatizing, strength-based health messages that resonate with families' lived experiences.

At the institutional level, the large-scale evaluation of an Oral Health Education program for Kindergarten Teachers in Hong Kong demonstrated a highly effective model for scaling prevention. The results showed that training teachers not only increased their knowledge and confidence but was also widely accepted, positioning educators as powerful multipliers of oral health promotion.

Finally, two articles challenge us to consider the systemic and legal frameworks necessary for protection and equity. The qualitative study on Audit and Feedback in Alaska Native healthcare settings showed that with adequate resources and a positive organizational culture, evidence-based practices could be successfully implemented even in challenging contexts, offering a model for reducing stark health inequities. On a broader scale, the compendium on Child Dental Neglect and Legal Protections across 26 countries revealed a critical policy-practice gap. It argued that while general child neglect laws were common, specific legislation on dental neglect was rare but essential for building a “supportive social ecosystem” that facilitates children's access to care.



Conclusion: A synergistic path forward

The studies in this Topic argued that improving oral health in pregnant women and young children required a synergistic, multi-level approach. There was no single solution. Progress depended on integrating global surveillance with local evidence, biological insight with an understanding of human behavior, and clinical interventions with empowered communities as well as supportive policies. By viewing oral health not as an isolated concern but as an integral part of maternal and child well-being, we can forge a path toward a future where every child has the foundation for a healthy life, beginning with a healthy mouth.



Author contributions

JC: Conceptualization, Writing – review & editing, Writing – original draft. SG: Writing – review & editing, Conceptualization. AA: Conceptualization, Writing – review & editing.



Conflict of interest

The author(s) declared that this work was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The authors JC, SG, AA declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The author(s) declared that generative AI was not 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. Guyer B, Ma S, Grason H, Frick KD, Perry DF, Sharkey A, et al. Early childhood health promotion and its life course health consequences. Acad Pediatr. (2009) 9(3):142–9.e171. doi: 10.1016/j.acap.2008.12.007


	2. Boggess KA, Edelstein BL. Oral health in women during preconception and pregnancy: implications for birth outcomes and infant oral health. Matern Child Health J. (2006) 10(Suppl 1):169–74. doi: 10.1007/s10995-006-0095-x















	
	TYPE Original Research

PUBLISHED 30 June 2023
DOI 10.3389/froh.2023.1195736






[image: image2]

Feedback on audit and action planning for dental caries control: a qualitative study to investigate the acceptability among interdisciplinary pediatric dental care teams

Joana Cunha-Cruz1,2*, Juliana Balbinot Hilgert3,4, Catherine Harter1, Marilynn L. Rothen1, Kim Hort5 and Elizabeth Mallott5

1Department of Oral Health Sciences, School of Dentistry, University of Washington, Seattle, WA, United States

2Department of Clinical and Community Sciences, School of Dentistry, University of Alabama at Birmingham, Birmingham, AL, United States

3Post Graduate Program in Epidemiology, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil

4Post Graduate Program in Dentistry, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil

5SouthEast Alaska Regional Health Consortium (SEARHC), Juneau, AK, United States

EDITED BY
Jorma I. Virtanen, University of Bergen, Norway

REVIEWED BY
Jilen Patel, University of Western Australia, Australia
Julija Narbutaite, Lithuanian University of Health Sciences, Lithuania

*CORRESPONDENCE Joana Cunha-Cruz joanaccruz@uab.edu

Abbreviations
AIAN, American Indian and Alaska Native; EBP, evidence based practice; OHEAL, oral health equity for Alaska; TDF, theoretical domains framework.

RECEIVED 29 March 2023
ACCEPTED 20 June 2023
PUBLISHED 30 June 2023

CITATION Cunha-Cruz J, Hilgert JB, Harter C, Rothen ML, Hort K and Mallott E (2023) Feedback on audit and action planning for dental caries control: a qualitative study to investigate the acceptability among interdisciplinary pediatric dental care teams.
Front. Oral. Health 4:1195736.
doi: 10.3389/froh.2023.1195736

COPYRIGHT © 2023 Cunha-Cruz, Hilgert, Harter, Rothen, Hort and Mallott. 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.



Introduction: American Indian and Alaska Native children suffer from the poorest oral health of all populational groups in the United States. Evidence-based practices (EBP) for caries control are well established, but systematically implementing such practices have proven difficult. Audit and feedback with goal setting, and action planning to implement these EBPs have not been tested or adapted for Alaska Native healthcare settings. The aim of this study was to investigate acceptability and perceived feasibility of an audit and feedback intervention for pediatric dental caries control among dental providers and patient stakeholders.



Methods: The pilot program was implemented in two dental clinics from a tribal healthcare consortium in Alaska. Key-informant interviews were conducted to investigate the contextual, organizational, and behavioral facilitators and barriers to the implementation and expansion of the program. Interview transcripts were analyzed by two researchers using thematic analysis.



Results: Eight key informants were interviewed twice (during and after the intervention period), and one once, for a total of 17 interviews. Patient stakeholders were not interviewed due to COVID-19 pandemic clinic closures and social isolation mandates. Three principal themes emerged: a positive organizational climate and culture fostered the acceptability of the program, the positive impacts of the program observed in the pediatric dental teams and the organization, and the challenges to implement the program including understanding the data reports, trusting the accuracy of the data, and competing priorities.



Conclusions: The intervention of audit and feedback with goal setting and action planning was well accepted and perceived as feasible by the study participants given the financial and human resources provided by the research project. This qualitative study can inform the design and evaluation of process-oriented implementation strategies geared towards decreasing health inequities and improving health outcomes, such as dental caries in American Indian and Alaska Native children and adolescents.
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Introduction

Inequities in oral health persist for low-income, rural and minoritized children and adolescents (1–4). Particularly, American Indian and Alaska Native (AIAN) children suffer from the poorest oral health of all population groups in the United States (1, 4). Evidence-based practices (EBP) and treatments with established effectiveness based on systematic reviews and clinical trials are available to control dental caries (5–8). While certain structural factors (e.g., geographic isolation, shortage of dentists) contribute to the difficulties in disseminating and implementing such practices in Alaska Native settings, dental providers, in general, do not systematically implement office systems to ensure that EBPs are comprehensively used to control dental caries.

Potential office systems strategies selected for such implementation first require rigorous research and testing. Office systems such as implementing polices, disseminating guidelines, providing feedback based on data reports, and goal-oriented processes are strategies that have been shown to increase the adoption of evidence-based practices, reduce healthcare costs and improve patient outcomes (9–12). Although these office-systems have been evaluated and determined as effective as behavior change interventions and policies for primary health care professionals (9–12) and are based on organizational change theory (13, 14), they have not yet been combined and tested for dental caries control nor have they been adapted to Alaska Native settings. The implementation strategies could potentially change the care delivery system in the direction of population-, and evidence-based care delivered by a team of dental providers with timely evaluation to improve oral health and reduce inequities at the individual and population levels. However, the successful implementation of office-systems or implementation strategies should consider the organizational climate within the healthcare setting (15), the experience, and cultural background of providers and recipients of the EBPs and the American Indian/Alaska Native context (16). Chambers and Norton have warned us that “there is ample documentation of mismatches among interventions, the populations they target, the communities they serve, and the service systems where they are delivered” (17). Health interventions that adapted appropriate cultural meaning and context into the intervention materials, messages and delivery systems were more effective than those that did not (18).

In developing a theoretical framework for assessing acceptability, Sekhon et al. (19) defined acceptability as a “multifaceted construct that reflects the extent to which people delivering or receiving a healthcare intervention consider it to be appropriate, based on anticipated or experienced cognitive and emotional responses to the intervention.” Particularly for pilot feasibility studies, acceptability can play a key role in identifying necessary changes required to ensure that the intervention and the future large-scale study are acceptable and feasible (19). Our specific aim in this study was to investigate the acceptability and perceived feasibility to office system strategies used in a caries control pilot program among dental providers and patient stakeholders.



Material and methods


Study design

This descriptive qualitative study conforms to the Standards for Reporting Qualitative Research (20). This study design was utilized to enable an in-depth exploration and assessment of acceptability and perceived feasibility of a pilot program, including the contextual, organizational, and behavioral facilitators and barriers that could inform changes to the program for a larger implementation study. This study received ethics approval from the Institutional Review Boards of the Alaska Area and the University of Washington. A consent form describing in detail the study procedures and risks were given to the participants prior to data collection and informed consent was obtained from participants.



Study setting

The setting was the dental department at a large health care organization in Alaska; a non-profit health consortium of 18 Native communities of Southeast Alaska. The organization provides medical, behavioral, and dental care to adults and approximately 7,000 children and adolescents (insured, sliding fee-for-service and uninsured Native and non-Native). The implementation sites of the program were the dental clinics in Haines and Kake. The community of Haines has a population of almost 2,000 with most residents identifying as White (78%) and Alaska Native or American Indian (11%). The resident child and adolescent population (age 0–22) was 323 in 2019. Kake has a smaller population of almost 600 and most residents identify as Alaska Native or American Indian (72%). The child and adolescent population was 138 in 2019.



Intervention

The Oral Health Equity for Alaska (OHEAL) pilot program implemented an evidence-based, and theory-informed program to disseminate EBPs in Alaska Native settings to control dental caries. OHEAL was an intervention that consisted of two mutually reinforcing implementation strategies at the organization and the clinical practice levels: 1) office practices: feedback on audit, goal setting and action planning, and 2) office tools that fit the practice, its patients, and local conditions: EBP guideline on dental caries manual, data reports, and feedback and action plan manual. These components, along with insight into cultural-specific attitudes, values and context of the patient population, worked together to create an intervention to foster the consistent use of EBPs for dental caries control to all pediatric patients.

In OHEAL, dental providers (pediatric dentists, general dentists, dental therapists, and dental health aides) worked as a team to provide annual caries assessment and tailored dental care to children and adolescents in the communities. The teams adapted the tools, created goals for care delivery and their performance was monitored to help them meet those goals. Workshops with members of the tribal organization were used to adapt EBP guidelines on caries control and office-systems tools and strategies prior to implementation in the two communities. During the workshops, participants identified barriers and facilitators for implementing the guidelines, and improving the oral health of the communities being served. They also identified goals and benchmarks for the audit reports and suggested changes to the text and graphics presented in the audit reports, and manuals. The audit report displayed graphically and textually data related to the four goals selected by the members with a visual benchmark. Data for all clinics were anonymously presented in the graphics, except for the specific clinic that the report pertained to, which was identified. This allowed providers and administrators to compare their performance in relation to other clinics. Dental providers were then supported by facilitators within their own organization who monitored their performance, helped them identify barriers to achieving goals and to collaboratively find solutions and plan for action. These evidence-based (9–12) and organizational theory-informed (13, 14) behavioral change intervention strategies and tools were novel in this setting.



Sampling strategy

Purposeful sampling was utilized to identify and select participants. Individuals met inclusion criteria if they: spoke English, were currently a full- or part-time employee of the tribal organization and had direct or indirect involvement in the implementation of OHEAL. Originally, we had planned to include patients (caregivers) and community stakeholders, but limitations in travel and clinic closures due to the COVID-19 pandemic made this impossible. The research team identified potential eligible participants and they were first approached by the head of the pediatric dental program via email invitation, then by the research coordinator (CH) via phone call.



Data collection

Data were collected through semi-structured key informant interviews at mid-intervention in September and October 2019 and post-intervention between May and July 2020. Following recommendations from the Theoretical Framework for Acceptability (19), data were collected at two time points during the research project. The findings from the two periods were reported in combination because of the similarity of their content. The interview data reached saturation, in that all organizational leaders and dental providers involved in the project were interviewed, and the same themes emerged repeatedly, with no new information being provided (21). The interviewer (CH), trained in qualitative research methods, conducted all the interviews using a guide with open-ended questions developed by the investigators to elicit participants’ perceptions of the current practices and organizational systems in the dental department of the tribal care organization and then specific questions regarding the OHEAL strategies and tools. The guides for the mid- and post-intervention interviews contained the same prompts, except for the inclusion of a prompt about leadership support in the post-intervention interviews (see Appendix).

The Theoretical Domains Framework (TDF) offered the basis in which to explore cognitive and emotional responses to change processes (22) and it has been applied in exploratory, formative studies, such as this, to help elicit participants' perceptions of a given intervention strategy (23). Of the 14 TDF domains, the interview guide included questions pertaining to 8 domains: knowledge, skills, social/professional role and identify, beliefs about capabilities, goals, environmental context and resources, social influences, and behavioral regulation (23).



Data analysis and processing

The interviewer (CH) provided a study informational sheet for participants to review at least two days prior to the interview and verbal consent and authorization to record was obtained prior to the start of the interviews. Mid-intervention interviews were conducted by phone and audio recorded. Post-intervention interviews took place via Zoom (audio only) and were recorded. Once the interview was complete, the interviewer (CH) downloaded recordings on a password protected laptop into an encrypted folder with only the date of the interview. Audio recordings were transcribed, reviewed for accuracy by the investigators (CH) and the transcripts uploaded into Dedoose Version 8.3.17 (Sociocultural Research Consultants, Los Angeles, CA). The recordings were subsequently deleted from the recording device. No identifiable information was collected for or connected to the interview recordings or the transcripts, demographic information was collected separately.

Interview transcripts were analyzed by two researchers using inductive-deductive thematic analysis (24, 25). An initial codebook was developed a priori, based on the research questions and the theoretical framework, and then, inductive codes were assigned to segments of data that described a new theme observed in the text during coding. The transcripts were analyzed in an iterative process by the coders (CH and JH) by first separately reading the raw data to familiarize with it, identifying key ideas and patterns, and labeling these ideas with codes. After reading and independently applying primary and secondary codes for each transcript and adding any new emergent codes to the existing codebook, the coders formulated these codes into broader categories. Next, they discussed codes that were missed or disagreed upon until they reached 100% agreement. Using Dedoose software, the codes were digitally marked in the transcripts by one coder and then compiled to create code reports with associated data and quotes. The reports were reviewed and synthesized further into broader theme domains and subdomains by both coders, forming the basis of our findings.




Results

Nine participants were interviewed mid-intervention and eight were interviewed for post-intervention for a total of 17 interviews. Participants' age ranged from 26 to 45 years old, 77% were female and 33% were Alaska Native or American Indian. Interviewees were dental providers, and their degrees/specialty were dentist, pediatric dentist, dental hygienist, dental therapist, and dental health aide. Four participants had additional administrative roles as clinic directors or manager. One participant was lost after the mid-intervention interview due to leaving the job at the organization. Interviews lasted from 30 to 70 min.

Our data revealed three major themes: (a) the culture and climate of the tribal care organization may have encouraged the acceptability of OHEAL; (b) OHEAL brought about positive changes and new insights for the dental department as a whole; and (c) OHEAL had implementation challenges and competing priorities within the department. These themes were related to the TDF domains mapped in Table 1.


TABLE 1 Relationship between the emergent themes and the TDF domains.

[image: Table with two columns titled "Interview theme" and "TDF Domains." Themes include organizational climate, positive changes from the OHEAL intervention, and challenges for improvement. Corresponding domains cover social roles, environmental context, knowledge, skills, influences, capabilities, and behavior regulation.]


Organizational climate and culture of the tribal care organization

All participants described the organizational culture and climate in the dental department positively, as having engaging staff dedicated to the organization's mission and to the communities it serves. They described activities such as working during weekends and lunch hours to illustrate this dedication. Others described team members as flexible, open-minded, and willing to build trust and respect with the AIAN community and culture. Additionally, others described the organization and dental clinic as trailblazing and cutting edge, specifically for their pediatric population. As one participant noted,


“The fact that our clinic has a children's clinic, and we have pediatric dentists on staff is already tremendously different than what other tribal programs have in terms of staffing and dental services. I think that by the nature of our organization's emphasis on staffing and space for kids, access to [dental] care is greater than it is at other programs [from other dental care organizations].” (Participant A)



Although participants felt positively about the organization and its willingness to incorporate change and openness to innovative ideas, there was hesitation related to organizational resources to expand and sustain the OHEAL program beyond the scope of the current research project, ie, a research project with a defined short intervention period, in a small geographical area (two communities). Resources cited as needed to run the program across the organization sites included the funds and logistics to add staff support with the skills to extract data from the digital dental practice management software and produce accurate data reports, to add non-clinical administrative time for providers to discuss the data reports and create an action plan, and to then implement the plan which involved flying in dentists and dental therapists to the different communities. One participant explained,


“I need to make sure I have staff to do that at all of those sites, which is a priority as well. So, thinking about what it takes to provide care in terms of staff and supplies, we can't achieve those goals without the staff and supplies.” (Participant D)



They did, however, feel they had sufficient clinical training, emotional intelligence, tools for communication, and a shared understanding of the mission and goals of the organization that facilitated the implementation of the OHEAL intervention.



Positive changes and insights from OHEAL

Participants described many positive changes and new insights OHEAL brought to the organization and dental department specifically in the communities in which it was implemented. Overall, participants appreciated the emphasis the program gave to regular and consistent communication with team members. The topics of the regular and consistent communications among team members were also noted as novel and important, such as evaluation of ongoing projects and ideas, standardized training, accountability, setting achievable goals, reviving community partnerships, and decreasing operating room visits by emphasizing prevention and non-surgical caries control. One participant said,


“OHEAL just came in and brought the light into the room. Those [meetings, reports, and communications] have been all new ways of approaching the same problem, and we got this renewed enthusiasm from being part of the OHEAL program” (Participant B)



After receiving the data reports summarizing goal status over a year, participants were able to keep track of goal achievement with actual data, not just anecdotes. They believed these reports created more accountability and transparency. For all participants, this was the first time they visualized and tracked their goal status over time and appreciated the frequency of how often the reports were delivered (once every two months). According to participants, these reports helped guide meetings, were (eventually) easy to interpret, and were effective in describing treatment differences between age groups and across clinics. One participant noted,


“It's nice to get that information. You could see where you're doing a great job and what you're missing. It”s pretty eye opening, and it makes people more willing to make those phone calls and track down moms.” (Participant C)



According to about half of the participants, feedback on audit meetings that were set in place were seen as a great reminder to check in, problem solve and action plan. The participants noted the meetings were structured in a way that team leaders scheduled and lead the meetings and met with each provider from each community working towards the OHEAL specific goals (typically, not in person, but by phone or video conference).


“What's been helpful [about OHEAL] is that accountability piece for regular meetings, because we're able to talk about things when they come up rather than waiting for them to become big things that are harder to solve. To talk about little things that are going on, that's helpful in terms of problem solving. But in terms of getting a project from start to finish, it requires us to regularly be working on things.” (Participant A)



Since the program was implemented, participants described some patient-specific benefits they observed. Some noted more appointments available due to providers traveling out to communities more often, creating more opportunities for patients to be seen, and adjusting the way they schedule these visits, shortening time to treatment for children with active decay.


“I noticed a huge improvement on community access. Kids getting in more frequently than before, because during this project it was identified that there is only one provider traveling out to the community right now. And we need to give them support. And identifying where it is that support needs to come from. That was a big thing that came from this project.” (Participant E)



As a result of barriers identified during the feedback meetings, an action plan implemented was the training of dental health aide therapists in more preventive and conservative restorative clinical procedures such as silver diamine fluoride applications and Hall crowns, allowing them to work at the top of their scope of practice and effectively see more pediatric patients. By performing these less invasive techniques, it translated into keeping providers as “regulars” in the remote communities, building additional trust with the communities. Others explained how, to overcome barriers identified during the feedback meetings, they established chart reviews, and a pediatric patient panel to track patient visits. In addition, they adjusted their schedules to allow for more pediatric patients and worked with the medical clinic as well as social media to connect with children who were not being seen in the dental clinic. One participant described that they felt more engaged and accountable, changing the way they facilitate and manage team members.


“What changed wasn't the way I practiced clinically, but the way I facilitated program management. Having data to utilize and having conversations in the format that we developed was new and different and certainly driven by the data and the project.” (Participant A)



Participants expanded on what insights they gained by working on the OHEAL project and others described changes they have made as a result. For example, participants discussed the inability of their current dental practice management software to straightforwardly produce effective and meaningful data reports. This led to a larger conversation regarding the lack of transparency in goal status and achievement within the department. During these interviews, suggestions arose on how to address these concerns by scheduling more regular, structured, department-wide meetings, making goals more visible to the whole department, adjusting goals as they become easier to attain, and evaluating the data at the provider level in addition to the clinic level.


“If we”re setting goals, each site needs to get site specific data, so they know exactly where they’re at and how they compare to everybody else. Then identify what the barriers are for their own site and identify what they should be doing. They could pick a goal or two; work on those and get feedback. We could all benefit from each other’s experiences.” (Participant E)





Challenges and opportunities for improvement

As participants noted, implementation was not without its challenges. Many participants explained specific challenges with the tools and the feedback on audit and action planning meetings while others described more general opportunities for improvement. One concern from participants who were not involved in the day-to-day processes of the intervention was just how accurate were the data reports, or how the non-clinical time of providers were being used. By contrast, those who were directly involved wanted to find a way to show others in the organization the value of the tools and meetings.

Specific concerns voiced about the data reports and action planning tool included the lack of aggregate data of each report they received over the implementation period and the inability to easily track and combine action plans to refer to and check their progress. Additionally, participants reported that goal monitoring with the provided data reports made some participants question the accuracy of the data collected due to classification systems and variables potentially misrepresenting the community data. As one participant expressed,


“Does this number mean what I think it means? It's saying something completely different; we thought we were being more successful by getting patients on a regular protocol. But our actual success wasn't what we thought it was, or maybe we're measuring wrong. Maybe we just had too many patients and it hadn't been a year yet.” (Participant F)



Lastly, participants suggested adjustments to how and with whom meetings were scheduled. Specifically, a participant noted that scheduling meetings with both OHEAL teams from the two communities that participated in the intervention to discuss and action plan together, instead of having separate meetings, would increase transparency, communication and help others understand the status of goals in other clinics.




Discussion

This study provides evidence regarding the feasibility and acceptability of an evidence-based, adapted implementation effort to improve oral health and eliminate AIAN inequities. The program consisted of a way to evaluate and act on solutions needed to achieve organizational goals for pediatric oral health. Most participants would recommend this program to other clinics (within the organization and beyond) and have identified positive aspects of implementing the program, the challenges associated, and potential improvements to the program for future interventions.

Positive aspects of the process of implementing the program included the supportive organizational climate and culture, the incorporation of communication, goal setting and action planning, and reinforcing professional roles with improvement of skills and beliefs about capabilities. The organizational climate and culture were reported by the participants as not only a facilitator to implementation but also may reinforce the acceptability of a program such as OHEAL. These results are consistent with the positive organizational climate observed in a recent survey done with this dental organization (26). This finding relates to the TDF domains social/professional role and identity, environmental context and resources, and social influence, which are seen as organizational factors as opposed to individual level factors that may lead to successful behavior change (27). In an organization, the management level of a workplace communicates values to its team regarding policies, practices, and processes (28). In addition to organizational climate and culture, implementation climate (29) is “a shared perception that innovation use is expected, supported, and rewarded.” This supports the data provided in this study, in suggesting that without specific characteristics such as professionalism, organizational commitment, and ethical climate (30), an intervention may not be deemed acceptable by staff responsible for implementation (31–33).

Positive changes because of the OHEAL program included incorporating clear and consistent communication, systematically keeping track of goal progress and achievement, and instilling action planning and accountability. Communication plays a key role in successful implementation efforts: it includes more than simply the transference of information from one party to the next, but requires a shared understanding between parties and focuses on changes because of that communication (34). According to participants, implementing OHEAL opened lines of communication and collaboration to reach common goals. It also gave the care team the opportunity to self-set goals for this intervention. This process is supported by the literature in that self-set goals may be more enticing, motivating, and feel more achievable than organizational high-level goals (35–38). An additional aspect of the intervention was the quantifiable nature of the data reports showing progress on these goals. Seeing and discussing the progress on a regular basis made participants feel they had a system of accountability and reaffirms the TDF domains regarding goals, beliefs about capabilities, and behavior regulation. So not only are participants self-setting goals, they are more accurately self-assessing their performance through audit and feedback (39), thus creating intentions to change behavior and improve practice (40). Audit and feedback paired with an action plan (in this intervention through data monitoring and action planning) give a more focused strategy to utilize time and resources towards more efficient improvements and solutions (41, 42).

Another positive change of the OHEAL program was the reinforcement of the professional role and identity of dental therapists as dental providers, with increased skills and belief in their capabilities in pediatric caries control. A new insight from this study was that having the dental therapists present was not what is perceived to improve care to pediatric patients; it was the training and autonomy of the dental therapists to work at the top of their scope of practice to provide both preventive and restorative treatments to the AIAN pediatric population. Many research studies have already shown benefits of incorporating dental health aide therapists into the dental care team in AIAN communities (34, 43–45). Dental therapists and dentists were trained and calibrated for assessing caries risk, and following a caries control protocol for timely prevention and treatment, thus expanding care capabilities and enabling better efficiency during appointments.

With positive changes came specific challenges. Providers and administrators identified some aspects of the program that difficulted its implementation. Participants who were not directly involved in the day-to-day implementation of OHEAL were not convinced of the effectiveness of non-clinical time usage for discussing and evaluating goals, reading data reports, and action planning. This intervention brought about a true concern for organizations that depend on the financial productivity of clinical appointments and treatment: is taking the time to audit, provide feedback and plan for action worth the time commitment away from clinical care and potential fiscal loss. Additionally, when interpreting and discussing the data reports, some participants felt they still required more training to fully achieve the benefit of reviewing these reports. According to the American Dental Education Association, dental and dental hygiene students' curriculum includes epidemiology, but it seems limited and students do not delve into data interpretation (46). The same might be true for dental therapists (47). Knowing this, any future intervention including data reports or data monitoring for dental teams will most likely require appropriate buy-in from leadership for non-clinical time usage and training and support from those with formal training in epidemiology or data science.

As a result of this qualitative study, we have identified aspects of this intervention that would benefit from improvements. This study suggests that more visibility and transparency within the dental department on how one clinic's performance compares to others in the consortium could be beneficial for providers. These results align with the literature suggesting that seeing other's goal progress may positively affect motivation to achieve goals (37, 38). Some participants summarized a more effective communication strategy including more frequent all-staff department meetings with structured agendas for consistency and a central data repository of guidelines, standard operating procedures, and clinical audit reports to refer to for transparency and standardization of care within the organization. Future interventions may include the entire organization as opposed to just two communities within the department as the separate goals for the intervention and the organization may have created competing priorities for participants.

Even though we had a good representation of the practitioners and administrators involved with the intervention (i.e., good internal validity), because this was a pilot program, the number of persons interviewed for this qualitative study was small and thus our findings should not be applied to other populations or contexts. In addition to the limited generalizability, this study is limited by our inability to include patient, caregivers, and community members' perspectives on the OHEAL program. We had planned to include these stakeholders, but limitations in travel and clinic closures due to the COVID-19 pandemic made this impossible, thus missing a key perspective and data that would benefit future research. Lastly, self-reported data from participants associated with the organization may result in social desirability bias. The results are mostly positive with specific challenges and recommended improvements noted. All pariticpants are employees of the organization and views may skew positively as they want their work and workplace to be successful. While we cannot fully control for this bias, we utilized open-ended and non-leading questions in our interviews (see Appendix). In addition, we assured participants that information shared during the interviews were kept confidential, and no identifiable information was stored with the interview data transcripts.

When engaging in self-reflection during the conduct of this research, the authors were aware that their positionality may have influenced the findings. Three co-authors are Latina, non-Indigenous, persons, and one is a white, non-Indigenous person and they have no personal experience with the challenges faced by AIAN children and families. Two co-authors are white, non-Indigenous persons, with professional experience with the challenges of providing care to AIAN children and families. In common among us are the commitment to conducting research that is respectful of the Alaska Native individuals and communities. We acknowledge the potential of our own biases and assumptions when collecting, interpreting, and reporting the data from this study.



Conclusion

Given that evidence-based practice guidelines and protocols for dental caries control are available but are not used systematically and widely (48–50), this formative work testing goal setting, data audit and feedback and action planning indicated that it is acceptable and challenging to implement new office systems in dentistry. Currently, there is very scarce literature on the effect of non-clinical tasks and office-systems in dental care practices and oral health outcomes. This qualitative study can inform the design and evaluation of large-scale multisite studies on dissemination and implementation science, and more specifically, audit and feedback, for the use of evidence-based practices for dental caries control aiming to eliminate inequities in oral health, particularly for American Indian and Alaska Native children and adolescents. This study is distinct in its use of the TDF to guide data collection and develop an understanding of how the domains apply to the experiences and perceptions of those involved in this implementation. The implementation strategies were perceived to be acceptable and feasible, and the study highlighted the changes needed to implement the study more widely within the dental care organization or across organizations.
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Background: Child neglect is a public health, human rights, and social problem, with potentially devastating and costly consequences. The aim of this study was to: (1) summarize the oral health profile of children across the globe; (2) provide a brief overview of legal instruments that can offer children protection from dental neglect; and (3) discuss the effectiveness of these legal instruments.



Methods: We summarized and highlighted the caries profile and status of implementation of legislation on child dental neglect for 26 countries representing the World Health Organization regions: five countries in Africa (Nigeria, South Africa, Sudan, Tanzania, Zimbabwe), eight in the Americas (Argentina, Brazil, Canada, Chile, Mexico, Peru, Unites States of America, Uruguay), six in the Eastern Mediterranean (Egypt, Iran, Libya, Jordan, Qatar, Saudi Arabia), four in Europe (Italy, Latvia, Serbia, United Kingdom), two in South-East Asia (India and Indonesia) and one country (China) with its special administrative region (Hong Kong) in the Western Pacific.



Results: Twenty-five of the 26 countries have legal instruments to address child neglect. Only two (8.0%) of these 25 countries had specific legal instruments on child dental neglect. Although child neglect laws can be interpreted to establish a case of child dental neglect, the latter may be difficult to establish in countries where governments have not addressed barriers that limit children's access to oral healthcare. Where there are specific legal instruments to address child dental neglect, a supportive social ecosystem has also been built to facilitate children's access to oral healthcare. A supportive legal environment, however, does not seem to confer extra protection against risks for untreated dental caries.



Conclusions: The institution of specific country-level legislation on child dental neglect may not significantly reduce the national prevalence of untreated caries in children. It, however, increases the prospect for building a social ecosystem that may reduce the risk of untreated caries at the individual level. Social ecosystems to mitigate child dental neglect can be built when there is specific legislation against child dental neglect. It may be more effective to combine public health and human rights-based approaches, inclusive of an efficient criminal justice system to deal with child dental neglect.
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Introduction

Child neglect is a public health, human rights, and social problem, with potentially devastating and costly consequences (1). Globally, it is estimated that up to one billion children aged 2–17 years have experienced physical, sexual, or emotional violence or neglect in the previous 12 months (2). The actions or inactions of parents, caregivers and other authority figures resulting in the neglect of children and adolescents are classified as maltreatment (3). Child maltreatment or neglect result in neurological and biological events that have a negative impact on physical and behavioral health and have academic and economic consequences (4).

One such physical health consequence of child maltreatment or neglect is poor oral health. Oral health is vital for the overall health and well-being of children (5), and it is recommended that they have annual dental visits to receive oral screening and risk assessment with timely and comprehensive preventive dental care planned according to assessed risk (6). Children with oral diseases also need dental clinic visits for disease management to ensure freedom from pain and infection (7). Caries is an important oral disease; untreated caries in primary teeth and permanent teeth affect 621 million children and 2.4 billion people, respectively, worldwide (8). Untreated caries negatively impacts quality of life for children, affecting their ability to learn, play, eat and sleep. Severe caries can contribute to failure to thrive and limits children's ability to live a fulfilling and productive life (9–15). Parents and other caregivers are guilty of dental neglect when they fail to pursue the dental care required to maintain their child's oral health (7).

Dental health professionals in countries like the United Kingdom are required to ensure that all children and adolescents have access to preventive dental care and treatment for oral disease and injury, to mitigate the risk of dental neglect (16). This is important, because a case of dental neglect can be made if a parent persistently fails to obtain treatment for their child's dental caries when such dental services are available (17). While there is no evidence to suggest a specific threshold of oral disease to diagnose dental neglect, a case of dental neglect can be made when there are features of a lack of basic oral care, including oral hygiene, failure to seek treatment for oral pain, and leaving infections untreated (17).

Neglect is often dictated by culture [ways of thinking, feeling and behavior that are socially and not biologically transmitted from one generation to the next (18)], tradition, religion and familial norms that influence home life, parenting practices, and upbringing. This makes what is considered neglect highly context-specific and often controversial, with socio-economic status adding another layer of complexity. While the influence of culture on child-rearing practices has been well studied (19, 20), there is little known about how cultural nuances may influence perceptions of child neglect and its impact on child oral health. Irrespective of cultural nuances, official recognition of dental neglect as a form of child neglect raises the profile of child oral health in the public health agenda (16), potentially resulting in the institution of legal instruments to reduce the risk of child dental neglect.

The aim of this study was to: (1) summarize the oral health profile of children in different countries across the globe; (2) provide a brief overview of existing legal instruments that can offer (or have offered) protection for children from dental neglect; (3) examine limitations on implementation of these legal instruments, which criminalize child dental neglect; and (4) discuss facilitating actions to reduce the risk of children's exposure to dental neglect.



Methods

This narrative review presents country-level status quos regarding child dental neglect, using series of case studies with varying contextual backgrounds. For this study, we broadly define policy as government actions in response to societal issues, specifically focusing on child dental neglect and poor oral health in children. These policies may take the form of regulations, rules, or administrative codes with the force of law, and may be based on statutory interpretations (21, 22). We also recognize that policies pertaining to child neglect serve as social (protective) regulatory guidelines that establish boundaries for permissible behavior within their jurisdictions (23). We centered our attention on the policy analysis stage of the policy-making process, as outlined by Dunn (24) and Howlett and Ramlesh (25). The objective was to assess policies, identifying any potential issues, to provide further guidance (26).

To achieve this, we have compiled a summary of legislations on child dental neglect from 26 countries representing the World Health Organization (WHO) regions: five countries in Africa (Nigeria, South Africa, Sudan, Tanzania, Zimbabwe), eight in the Americas (Argentina, Brazil, Canada, Chile, Mexico, Peru, Unites States of America, Uruguay), six in the Eastern Mediterranean (Egypt, Iran, Libya, Jordan, Qatar, Saudi Arabia), four in Europe (Italy, Latvia, Serbia, United Kingdom), two in South-East Asia (India and Indonesia) and one country and its special administrative region in the Western Pacific (China and Hong Kong). We adopted a case-study method of policy analysis (27), which allows the contextualization of problem definition and sheds light on issues relevant to policy-setting based on real life conditions. By presenting case studies from countries with different cultural, economic, social, and healthcare backgrounds, we highlight contrasting approaches to address the same problem: child dental neglect. Although the available literature about the extent of dental neglect and relevant policies is too sparse for hypothesis generation, we theorize that countries with developed health and social care systems have well-defined policies to address child dental neglect. This theory guides the selection of case studies from countries in all WHO regions since it is the global authority on healthcare policy recommendations.

The summary of legislations on child dental neglect for each country was compiled by conveniently selected country experts who understood both the legal context of child dental abuse and the magnitude of oral health problems in their respective countries. The primary consideration for selecting each country expert was a history of publication on country-specific oral health problems. Each country expert was required to conduct a search of databases (PubMed, Scopus, PsycINFO, and CINAHL) for studies and documents on the prevalence of oral diseases (caries, periodontal diseases) and caries risk behaviors (oral hygiene status and history of dental service utilization), and on child neglect and child dental neglect. A search of grey literature was also conducted. The findings were synthesized and summarized into a table. The summary for each country was organized into their respective WHO regions (the Americas, Eastern Mediterranean, African, European, South East Asian, and the Western Pacific regions).

The commonalities and differences within and between regions were reported. The links between the presence (or absence) of policies and the prevalence of oral diseases (specifically dental caries) was addressed. Dental caries was selected because it is the only childhood oral disease with globally available data that allows for standardized between inter-country comparison. The dental caries analysis was based on the Global Burden of Disease studies used in the 2022 WHO Global Oral Health Status Report. Findings were discussed, and proposals were made for policy changes to effectively address child dental neglect.



Results


African region


Nigeria

In Nigeria, the burden of untreated caries in children is a cause for concern, as the prevalence of untreated caries is high (28). The prevalence of poor oral hygiene ranges from 0.2% in 1–5-year-olds to 4.4% in 6–12-year-olds (29); and for gingivitis ranges from 63.3% in 6–11-year-olds (30) to 57.2% in 10–19-year-olds (31). Untreated caries in children is over 80% and results from poor uptake of oral health services for several reasons, ranging from high out-of-pocket expenditure and poor insurance coverage for oral healthcare (32), low socioeconomic status (33), low level of maternal education (34), perceiving hospital visits as synonymous with need for curative care (35), poor perception of the need for oral health care (36), to rurality and a complex oral health system that is difficult to navigate (37).

The 2003 Child's Right Act guarantees the rights of children in Nigeria (38), and the National Human Rights Commission undertakes actions to promote and protect the rights of children from fetus to 17-years of age (39). Section 2 (1 and 2), and Section 13 (1 and 2) of the Act recognize the right of children to health. Section 13 (5a and 5b) place the liability of child oral health care on caregivers, punishable with a fine for the first offence and a one-month imprisonment for a second offence. The Act does not explicitly mention child dental neglect as a criminal offence.

Section 13 subsections 3b and 3g, however, create a leeway to exonerate caregivers from an offence of child (dental) neglect by indicating that the government has the responsibility to provide medical assistance and health care services to all children through the development of primary health care services. However, the government only provides dental care through 27 (0.08%) of the 33,156 primary health care centers in Nigeria (40, 41), which indicates severely limited access to dental care in the country. In addition, dental care is expensive (42), health insurance coverage is low and extremely limited for oral health care-almost to the exclusion of preventive oral health care services (37)- and human resources for oral health care are scarce (42, 43). These gaps make it difficult to establish a charge of child dental neglect in Nigeria. In addition, most dentists in Nigeria do not screen for dental neglect (44), only 51.3% recognize neglect as a form of child abuse (45), and only 14.1% of those who suspect child abuse and neglect file reports to social services (44). To date, there has been no legal prosecution of a case of child dental neglect in Nigeria.



South Africa

Early Childhood Caries (ECC) is a significant public health problem in South Africa, with prevalence reaching 60% in 2004, which is the most recent estimate (46). The prevalence of ECC had increased to 71.6% in 2018 for children resident in low socioeconomic communities, of whom 70% need dental treatment (47). Parents are responsible for their child's basic needs, including diet, personal hygiene, and access to health care, and therefore play an important role in preventing dental disease in their children. The high rates of untreated caries and extractions may be pointers to child neglect, though this needs to be contextualized.

South Africa has a population of approximately 60 million people, of whom 9.4% are 5 years and younger, and 28% are 15 years and younger (48). The South African population is diverse in socioeconomic status, living conditions, access to health care and quality education, and therefore, diverse in caries risk (49). Although 71.9% of households access public clinics, only 16.1% have medical aid (50). Limited access to oral health care results in high prevalence of untreated caries with many children requiring multiple extractions under dental general anesthesia (51).

Dental practitioners are trained to be sensitive towards inequalities and to differentiate between ignorance, lack of education, limited access to oral health care and dental neglect. Section 110 (1) of the Children's Act (No 38 of 2005) (52) states that if there is a reasonable suspicion (on the part of treating professionals) that a child is being abused in a way that causes physical injury, sexual abuse or neglect, this must be reported. A range of professions including legal practitioners, medical and dental practitioners, traditional and religious leaders, psychologists, social workers, teachers and persons working in care facilities, are empowered to report neglect to a social worker, a designated child protection unit or organization or to the police [Section 110 (2)]. The Children's Amendment Act (2007) (53) is more detailed and provides psychosocial, rehabilitation and therapeutic services for neglected children. The South African law is, however, not specific on child dental neglect.



Sudan

There are 17 states in Sudan. However, data about the prevalence of dental caries, and decayed, missing, and filled teeth (DMFT) values are available only in the three states of Khartoum, Kassala and Gazeerah. The prevalence of caries in children and adolescents is very high, and ranges from 70.9% (54) to 91.1% (55).

The Sudanese's Child Act (2010) (56) is housed by the Ministry of Justice and addresses the rights of children with respect to nutrition and breastfeeding, immunization, physical and mental health, and protection of children from infectious diseases and physical and sexual exploitation. There are also chapters on the right of children to education, and the rights of vulnerable children. However, to date, there is no legislation to protect the Sudanese child from dental neglect. There are currently no studies investigating the prevalence, knowledge, causes and types of dental neglect in Sudan.



Tanzania

In Tanzania, more than 3 in 10 children have experienced dental caries (57), and 5-year-old children have higher dental caries experience than 12 and 15-year-olds, with the decay component accounting for 99% of the total caries experience (57). Also, 57.4% of 12 and 15-year-olds have gingivitis and 4.4% have experienced dental trauma, with more children affected in rural than urban areas (65.2% vs. 52.0% and 5.7% vs. 2.7% respectively) (57).

Tanzania is a signatory to the 1989 Convention on the Rights of the Child and the 1990 African Charter on the Rights and Welfare of the Child. In 2009, Tanzania enacted the Law of the Child Act to accommodate the requirements of International Legal Frameworks on the protection of children (58). Section 4 (2) of the Act insists that the best interest of a child should be the primary consideration in all actions taken with respect to children. Section 9 (1) provides that parents, guardians and relatives are responsible for ensuring children's right to life, dignity, respect, leisure, liberty and health. Section 13 (1) prohibits degrading treatment to children, and institutions like local government authorities and police are vested with the legal duty to ensure children's safety. Despite the enactment of the Law of the Child Act, child neglect is still a serious problem in Tanzania (57). The 2020 UNICEF report noted that many children in Tanzania experience violence, neglect, and exploitation (59). There is no enforcement mechanism to monitor children's protection.

Efforts to strengthen the 2009 Child Act have not been sufficient to address dental neglect in children. Strategies to improve the knowledge and awareness of caregivers toward children's daily oral health practices and correct feeding habits are essential in addressing dental neglect in Tanzania (60). Furthermore, tailored public education programs addressing dental neglect and building the competency of oral health personnel to detect and manage dental neglect are needed.



Zimbabwe

The caries prevalence of 12-year-olds has increased from 27.6% in urban areas and 20.9% in rural areas in 1989 (61), to 59.5% among urban and 40.8% among rural children in 2013 (62). Furthermore, 65.2% of carious teeth are untreated and 34.8% are missing (63). The instituted school-based oral health programs responsible for tackling oral health problems in children attending primary and secondary schools (64) have limited effectiveness (65). Many children present with untreated carious lesions that their parents have the responsibility to manage.

Zimbabwe adopted the Children's Act (Chapter 5:06) in 2001 to domesticate several international treaties on childcare and protection it was a signatory to. The Act states that a parent or guardian of a child or young person shall be deemed to have abandoned or neglected that child or young person if (s)he …(b) failed to provide or pay for dental, medical, or surgical aid or other effective remedial care necessary for his/her health or well-being. The Act is enforced by the Victim Friendly Unit of the Zimbabwe Republic Police which works closely with hospital police posts or police stations to handle reported cases of child abuse. Currently, there is no stand-alone legislation on child dental neglect.

The effectiveness of the Children's Act to deal with child dental neglect is currently limited, as there are no defined parameters to identify cases of child dental neglect in the country. No parameters that define child dental neglect and abuse have been declared to the public and health service providers, and cases remain undetected and unassisted. In addition, the curriculum of undergraduate and postgraduate dental students does not cover this aspect of childcare.




Region of the Americas


Argentina

In 1985, 40% of children aged 7% and 68% of children aged 13 years had caries in permanent teeth (66). By 2010, caries was reported in 49% of 4-year-old children, of which only 10% had treatment (67). In 2019, 70% of children had caries (68, 69).

Argentina ratified the International Convention on the Rights of the Child in 1990. The International Convention on the Rights of the Child led to the incorporation of Article 75 into the new Constitution of the Argentine Nation, and the 2005 National Law 26,061 on Comprehensive Protection of the Rights of Girls, Boys and Adolescents. The 2005 National Law establishes that “Girls, boys and adolescents have the right to comprehensive health care, to receive the necessary medical assistance and to have equal access to opportunities for services and actions for prevention, promotion, information, protection, early diagnosis, timely treatment and recovery of health” (70). In 2017, the Oral Prevention and Primary Assistance Program was created, through Resolution 440-E/2017 of the Ministry of Health, but it does not have the force of Law.

Greater emphasis is placed on addressing the increasing violence in schools, societal fragmentation, and inequalities than on addressing oral health problems. This leads to the neglect of oral health (71), which, if addressed, should reduce the burden of oral diseases in children. However, children's oral health continues to be a public health problem despite the presence of relevant legislation, and epidemiologic indicators reflect this.



Brazil

Preliminary results obtained from 25% of the required sample of the ongoing Brazilian Oral Health Epidemiological Survey indicates that prevalence of caries in the permanent dentition is 49.2% and 50.7% in the primary dentition (72). Also, the mean number of teeth with untreated caries was 1.82 for 5-year-olds and 1.04 for 12-year-olds (72). The prevalence of caries in the permanent dentition has decreased over the years. However, this same trend has not been observed for primary dentition.

Child neglect is addressed through the Child and Adolescent Statute (ECA—Estatuto da Criança e do Adolescente), a federal law created in 1990 to establish the right and protections of Brazilian children and adolescents (73). The ECA states that the Brazilian public health system (SUS—Sistema Único de Saúde) must promote general and oral health care programs focusing on the most prevalent diseases affecting children (73). The ECA also notes that the family, community, and government should ensure that children have access to oral health care. Oral health care should be promoted for pregnant women and children through education and prevention before the child's birth, and when the children are 6 and 12 years of age. Furthermore, the cost of treatment for children with dental treatment needs should be covered by the SUS.

In 2004, the Brazilian Policy of Oral Health was created and promoted the reorganization of primary health care by expanding oral health teams, the family health strategy and creating dental specialty centers (74). However, the program has been criticized due to the poor coverage of children with oral health needs, emphasis on operative treatment, and lack of trained professionals, mainly for children requiring complex dental treatments. These problems can be ascribed to the low utilization of dental services: only 25% of preschool children make use of these services (75). Dental caries indicators for primary teeth have not improved in the last decade (72, 76, 77).



Canada

Untreated dental caries and untreated dental trauma are two examples of reportable dental neglect among children in Canada (78). The 2007–2009 National Oral Health Survey indicated that 56.8% of 6–11-year-old Canadian children had dental caries, with untreated carious lesions accounting for 14.7% of all reported cases (79). Low-income (17.6%) and uninsured families (19.1%), those who had not visited a dentist in the previous 12 months (30.9%), and families with low levels of education (18.9%) had more untreated caries than better-off subgroups with various socio-demographic characteristics (79). Among adolescents, caries prevalence was 59.8%, the proportion of untreated caries was very low, with higher prevalence among those from lower, than higher income groups by more than threefold (80). Among children of Indigenous descent, nearly half of the caries lesions in preschool children were untreated (80). The reasons caregivers delay dental treatment are mainly because of their inability to pay for dental care and the perception that primary teeth will eventually be lost (81).

When a parent fails to act after being properly informed about the nature of their child's oral health problem and the specific treatment required, this is considered negligence and requires intervention. There are laws at the federal and provincial levels in Canada that provide the legal framework to address child dental neglect. The law requires that dentists report dental neglect only after questioning the child and the parent separately about the clinical presentation, with a staff member present to act as a witness (82).

There are several agencies in Canada that can receive and investigate reports of dental neglect. These include the local Royal Canadian Mounted Police, municipal police station, and the government ministry in charge of child and family welfare. Provincial and territorial legislations have been helpful in early detection and intervention for child neglect in Canada (83). However, there is little evidence to assess their effectiveness in addressing child dental neglect.



Chile

Chile has a favorable children's rights environment, scoring 9.22 out of 10 and receiving a “green” classification (84). The estimated prevalence of untreated caries in the primary dentition among Chilean children aged 1–9 years is 46.6% (85), with a higher prevalence in rural areas (86). Also, the prevalence of dental trauma [37.95% (87)] and malocclusions [38%–53% (88),] are high.

Chile's does not have a specific law focusing on comprehensive child rights protection. Instead, it relies on the Intersectoral System of Social Protection (Chile Solidario), which includes the Chile Grows with You (CGY, Chile Crece Contigo) program (89). Established in 2006, CGY is a comprehensive program that supports early childhood education, child health and nutrition services, family support, and social protection through coordination between various ministries and institutions, such as the Ministry of Social Development and Family, the Ministry of Health, the Ministry of Education, and the National Board of Kindergartens (89). It incorporates an oral health component called “Oral Health in Your Life” (Salud Oral en tu Vida), promoting good oral health habits among pregnant women, infants, and children up to four years old through education and preventive services (90). The creation of the Children's Ombudsman Office (Defensoría de la Niñez) in 2018 strengthened Chile's commitment to safeguarding children's rights (90).

In addition, Chile has implemented several policies using a common risk approach to address sugar consumption, which contributes to dental neglect. These policies include a tax on sugary drinks containing more than 6.25 g of sugar per 100 ml (91). The allowable amount of sugar in foods without warning labels has also been reduced from 22.5 g per 100 g to 10 g per 100 g. In 2016, the Law of Food Labeling and Advertising was enacted. This requires front-of-package warning labels, restricts child-directed marketing, and bans sales in schools of all foods and beverages containing added sugars, sodium, or saturated fats that exceed set nutrient or calorie thresholds (91). The government also covers the cost for essential curative (but not preventive) oral health care for six-year-old children through the Explicit Health Guarantees. This is, however, a counterproductive program as children already have dental caries at a much younger age and need care much earlier: 80% of two-year-olds have dental caries, and the provision of oral health care at a later age does not align with the strategies of the Oral Health Department of the Chilean Health Ministry which aims to have at least, 80% are children been caries-free (92). These actions are all together complex and make it difficult to establish cases of child dental neglect in Chile.



Mexico

Caries has been a growing problem over the last 30 years in Mexico, with the current prevalence of caries estimated to range between 80% and 90%, and at least 10 million children between 2 and 5 years of age having caries (93, 94).

The Convention on the Rights of the Child (95), the American Convention on Human Rights (96) and the General Law on Human Rights of Girls, Boys and Adolescents (97) establishes the obligation of the Mexican State to guarantee the right to health of people younger than 18 years of age. This broad legal framework recognizes three guiding principles that the Mexican state must consider in relevant actions: non-discrimination, superior interest, and recognition of evolutionary capacities, in accordance with their interests and needs. Likewise, the General Health Law establishes the right to protect the health of the population, through actions to promote health, disease prevention and control, among others (98). Neglect is criminalized through the Comprehensive Care Clinic for Abused Children of the National Institute of Paediatrics that defines child abuse as “any aggression or intentional omission, whether physical, sexual, psychological, or negligent, within or outside the home, against a minor, before or after birth, that affects their biopsychosocial integrity, regularly or occasionally carried out by a person, institution or society, based on their physical, intellectual or economic superiority” (99). Parents and children's guardians are responsible for ensuring the health of their children or wards. However, Mexico is a country of profound social inequalities, with 28.6% of children never having contact with a dentist. This poor dental service utilization is associated with indicators of socioeconomic status and reflects inequality in dental service access (100, 101). The challenges that government face in addressing inequality in dental service access makes the case of child dental neglect difficult to establish in Mexico.



Peru

Peru is promoting a reform process that supports achieving universal health coverage. Since 2015, health insurance enables pregnant women and children up to five years of age to access free health care. When there is no health insurance, the newborn is automatically affiliated with the Comprehensive Health Insurance (SIS) regardless of their socioeconomic status.

The last national study (2001–2002) of the Ministry of Health that was carried out in children 3 to 15 years old showed a prevalence of dental caries ranging from 57.6% to 63.5% with a mean of 60.5% in the primary dentition, and from 56.2 to 65.1% with an mean of 60.6% in the permanent dentition. 10 years later, an unpublished 2012–2014 national study conducted by the National Epidemiology Center of the Ministry of Health found very similar values without significant differences in both dentitions. The data is similar to that reported for the Americas by the WHO in 2022 (102, 103).

In 2017, a Ministerial Decree modified the Technical Health Standard for the Control of Growth and Development of children under 5 years of age. The modification included a provision that the health professional (nurse, pediatrician, or general practitioner), would review the child's mouth by age one year, and all children should be checked by a dentist before one year of age. However, there is no national dental program with well-defined guidelines for monitoring child oral health. Also, although Peruvian law 30364 (104) promotes protection against violence affecting women and children, there is no specific rule that recognizes poor child oral health as an act of neglect. There is also low uptake of dental health services in the population under 12 years of age (105), and a lack of training and integration of child oral care into multidisciplinary practices. There are however good intentions to address these gaps in order to achieve established universal health goals.



United States of America

Although completely preventable, ECC is currently the most common chronic disease in children from the United States of America, and its prevalence continues to be high in poor and near-poor children of preschool age (106, 107). Furthermore, socially disadvantaged children are less likely to have access to oral health care, instead seeking care for oral infections from emergency departments and hospitals (108).

Parents must be informed by a health care provider about the necessity of oral health care for their child, their child's oral health status, the treatment required, and how to access that treatment (109). Since some caregivers may, however, be unaware of their children's need for dental care, it is important to differentiate between a lack of oral health literacy and willful failure to seek care when determining whether a situation qualifies as dental neglect (110). Also, there are several barriers that may interfere with parents seeking appropriate oral health care for their child (110–112). If a provider has ascertained that the parent understands what dental care their child needs and how to obtain it, and the above factors still indicate a case of dental neglect, the provider should report the case to the appropriate child protection services agency (109).

It is important that health care providers from all disciplines are aware of signs that indicate child abuse and/or neglect (109). The American Association of Pediatric Dentistry states that all health care providers, including dental providers. are expected according to local or state requirements to report injuries that cause concern for abuse or neglect to child protective services (108). Additionally, they are encouraged to collaborate with interprofessional colleagues to provide support for affected families (109).



Uruguay

The prevalence of dental caries is high, and worse among those with low socioeconomic status: in the poorest populations the rate of caries disease is five to eight times higher. The DMFT among 12-year-olds is 4.2–4.7 in the most deprived areas, and 2.5 among those with high socioeconomic status (113). Among adolescents, 60% of those with high socioeconomic status are caries-free, while only 11% of those with low socio-economic status are (114). A study conducted in 2017 (115) indicated that most children have active untreated cavitated lesions, possibly due to poor access to timely care, and that if the approximately 25% of 5-year-old children with non-cavitated lesions could have access to early treatment, cavitation, and complex and expensive treatments could be avoided.

The 2004 law 17.823 on children and adolescents (116) is applied through the National Integrated Health (SNIS) law 18.121 of December 2007, and implemented by the Ministry of Public Health ((117). The law articulates that public and private providers of comprehensive health care should ensure access to comprehensive health services for all residents in the country. Uruguay has a National School Oral Health Plan under the State Health Services Administration (ASSE-MSP) that serves around 75,000 children per year and develops a program for the prevention and minimal intervention with 430 dentists and two mobile clinics that operate throughout the country. However, the integration of dentistry into the general health system could be better, as that may facilitate detecting and addressing child dental neglect.




Eastern Mediterranean


Egypt

A 2014 nationwide survey indicated that nearly 70% of Egyptian children had untreated caries and about 80% had periodontal disease (118). In 2009, Egypt developed a national strategy to combat abuse, including activating laws, raising awareness, and establishing agencies to help victims of neglect (119). This was in response to articles 80 and 96 of the Egyptian constitution, which stipulate that the state shall care for children and protect them from all forms of neglect threatening their wellbeing (120). Alhough the Egyptian Law penalizes child neglect after receiving a warning notice (120, 121), the law does not criminalize the parental negligence of children.

The National Council for Childhood and Motherhood has a helpline for child complaints, and it provides counseling and referral services to victims of violence, abuse, and neglect. The Ministries of Health, Social Services and Interior, and non-governmental organizations are responsible for child protection (122). However, reports of neglect is low, due to poor public awareness of reporting mechanisms (123). In 2022, only 13.6% of citizens were aware of the presence of agencies supporting abuse victims, and 7.7% were aware of a hotline to report instances of neglect (124). Though dentists can play a role in diagnosing and managing child dental neglect, only 40% of dentists indicated ever suspecting abuse in their patients, despite learning about social indicators of child maltreatment in dental school (123, 125).

There is no law that mandates reporting of child maltreatment, and there is no penalty for non-reporting. Currently, only schoolchildren 6 to 18 years old have access to regular care covered by health insurance, and it is expected that this coverage will extend to preschool children when the Universal Health Insurance Law is fully applied at a national level (126). The persistence of untreated oral diseases in children with health insurance coverage and access to regular care should indicate dental neglect. However, limited parental literacy and poor oral health values (60) reduce the possibility that parents would be charged for dental neglect of children. In addition, no laws or guidelines specifically identify cases of dental neglect, and there is a paucity of information about the prevalence of child dental neglect.



Iran

The prevalence of dental caries in primary teeth among children in Iran has been on the increase in the last 28 years (127). The dmft index for 5–6-year-old children is 5.16, and 86.9% of it is related to the decay component. The DMFT index in 12-year-old children is 2.1, and 81.8% of this index is related to decayed teeth (127, 128). In Iran, child neglect is considered a social emergency (129). The Iranian welfare organization has specifically targeted children living on the streets, children who are working, and children who are abused and neglected, for priority interventions. The public is expected to place a call to the Social Emergency Department of Welfare (Behzisty) organization if anyone identifies a case of child abuse or neglect.

Article 4 of the Law on Protection of Children and Adolescents was approved in 2003. It states that any physical and mental harm or torture of children and neglect deliberately affecting their mental and physical health or preventing them from studying, is prohibited and punishable by imprisonment or a monetary fine. Also, Article 1173 of the Civil Law (amended 1998) can be invoked in case of non-observance of the child's physical health by parents (130). The Article states that when the physical health of the child is in danger due to a lack of care or moral degeneration of the father or mother under whose custody the child is, the court can take any decision deemed appropriate for the custody of the child upon the request of the child's relatives, guardian or the head of the jurisdiction.

Despite the law, only advanced and life-threatening mental or physical health problems are reported, with very low public sensitivity to dental neglect. The absence of local guidelines on child dental neglect has also complicated matters (131). The faculties in the School of Dentistry, Isfahan University of Medical Sciences and the Ministry of Health are developing evidence-based guidelines for the reporting of child abuse and neglect, including the reporting of child dental neglect by dentists. These guidelines will take a lot of resource investment to implement throughout the country. It is, however, a welcome development to complement the existing law for legally addressing child dental neglect in Iran.



Libya

The oral health care system is hybrid, composed of both public and private sectors. Although health care policy in Libya implies that free care should be provided to all, only few emergency services are provided in the public sector, and most of dental services are provided as fee-per-service in the private sector. Several studies have demonstrated highly unmet treatment needs among school children: 70% of 6-year-olds and 42% of 12-year-olds have untreated caries (132, 133). There is also a high level of unmet treatment needs related to dental trauma (134), dental fluorosis (135) and molar incisor hypo-mineralization (136).

Although professionalism and ethics are key subjects in the dental curricula in Libya, anecdotal evidence indicates that dental neglect does not receive much attention compared to other medicolegal topics. The Libyan law has clear legislation and guidance on how to deal with professional neglect that causes morbidity and mortality. However, there is no clear legislation that describes what should be done to protect children from domestic child neglect. There is also no national guidance on protecting the rights of children with dental neglect or other forms of health neglect. This calls for advocacy for these issues in Libya, in addition to strengthening dental curricula to build competency on the identification and management of dental neglect.



Jordan

Research on child dental neglect in Jordan is scarce. Parents have poor knowledge about their children's oral health, and parental opinion of their children's oral health status s overrated (137). There are currently no country-level legal instruments that specifically address child dental neglect in Jordan. However, children in Jordan have specific rights under the United Nations Convention on the Rights of the Child, to which Jordan is a signatory (138). In addition, the Jordanian constitution guarantees the right of the child to protection and the Draft Jordanian Child Rights Law provides comprehensive protection for the rights and well-being of all children residing in the country (139).

In addition, the government provides health insurance, which covers dental treatment for children under age six years (140). In 1991, Jordan ratified the Convention on the Rights of the Child (141). In 2011, the country added two new paragraphs to Article 6 of its Constitution, which state that “the law shall protect motherhood, childhood and the old-aged; and shall avail care for the youngsters and those with disabilities and protect them against abuse and exploitation” (142). Despite the existence of such legal instruments, there are limitations with their implementation, such as poor awareness of parental legal obligations to provide adequate dental care for children, limited access to dental care particularly in rural areas, lack of law enforcement systems to hold parents responsible for dental neglect, poor parental prioritization of dental care, and financial barriers. Therefore, it is necessary to increase awareness and legal obligations of parents to provide dental care through public education campaigns and by working with healthcare providers to promote oral health.



Qatar

The State of Qatar has a population of 2.7 million and has the six-highest GDP per capita in the world at the end of 2022 (https://www.visualcapitalist.com/cp/ranked-countries-gdp-per-capita-2023/). A significant shift in lifestyle and dietary habits due to rapid socioeconomic development has led to a marked increase in the prevalence of dental diseases, mainly dental caries, among children. The prevention, oral health promotion, early detection and treatment of dental diseases had been largely driven by the Primary Health Care Corporation that target high-risk groups, including pregnant women, infants, and school children. Oral health screening is provided to kindergarten and schoolchildren through the “Asnani School Oral Health Program”. Despite these efforts, the prevalence of dental caries among children is still high: 85% of 12–14-year-olds have caries, with the mean number of decayed teeth being 4.62 (143); 71.4% of 6-year-olds have caries with a mean dmft of 4.2 (144); and 89.2% of 4–5-year-olds have caries with dmft of 7.6 and dt of 7.1 (145). These findings suggest the presence of dental neglect and unsatisfactory oral health status.

Qatar adopted legislation to ensure child protection and to prevent abuse (146). The Qatari constitution states that: “The State shall provide care for the young and protect them from corruption, exploitation, and the evils of physical, mental and spiritual neglect” (147). The first child abuse protection program, the Sidra Child Advocacy Program (S-CAP), was established by Sidra Medicine to provide child abuse services by well-trained pediatricians and supporting staff. S-CAP includes safe, discreet facilities for conducting interviews, medical examinations, and creating medico-legal reports. Additionally, S-CAP established a child hotline for the public to report any suspected child abuse (148).

There are, however, no specific legal provisions related to child dental neglect. The extension of the current laws on child protection and the inclusion of child dental neglect in the mandate of S-CAP may further promote oral health among children, reduce the burden of dental disease and positively impact the wellbeing and quality of life of children in Qatar. The identification and reporting of dental neglect may, however, be difficult, due to challenges with identifying children who are dentally neglected (149), gaps in the knowledge of dentists regarding dental neglect, and the absence of a system for reporting child dental neglect.



The Kingdom of Saudi Arabia

The prevalence of dental caries in children has increased significantly, to almost 70% in the permanent dentition and 80% in the primary dentition (150, 151). The prevalence of complicated untreated dental caries among children is high, with up to 4 in 10 children visiting the dental clinic due to tooth ache resulting from caries (151, 152). Although dental care services are free, the prevalence of child dental neglect is high. Hospital-based reports of child abuse rose from 65 cases in 2008 to 73 cases in 2009, 80 cases in 2010 and 616 in 2011 (153). The reasons for this include low levels of parental education (154), poor perception of the need for oral health care, fear of dental treatment, lack of public transportation (155) and inability to obtain a dental appointment because of the long waiting lists (156). Also, working mothers may not have free time to visit the dental hospitals except for emergency care (157).

In Saudi Arabia, child neglect is an offense that must be reported. In August 2013, the law of protection from child abuse and neglect was enacted (158). The Ministry of Education also launched an awareness campaign online to provide information on early childhood care (159). As a part of this campaign, the Child Protection System, the policy of child protection against abuse or neglect and the ways of managing reports submitted to authorities were explained in detail (160). Dentists are responsible for identifying and reporting suspected cases of dental neglect to authorities (161). The police station is the certified agency for handling reports of child abuse and neglect. Police then refer certified cases to child protection teams to manage (158).

Despite the law, the reporting of child dental neglect by dentists is low, due to a lack of training (162). The lack of awareness about the referral process and responsible legal authorities reduces the number of reported cases (163). The competency of dentists to identify cases can be addressed by building additional training elements into the dental curricula to train students on identifying the following: signs and symptoms of neglect, documentation and reporting, the Saudi child protection policy, and the consequences of failure to report abuse and neglect for the child's oral and physical health, and behavioral and psychological development. Training has increased the reporting of child abuse and neglect cases by dentists in Saudi Arabia (164).




European region


Italy

Caries prevalence among 4-year-olds is 21.6% and 43.1% for 12-year-old children in Italy (165). In 2006, approximately 75% of 4-year-olds and 50% of 12-year-olds were reported to have more than one carious lesion, thus, requiring dental care (166).

Italy adopted a legislation to ensure child protection and abuse prevention. Article 572–591 of the Italian penal code states that: “Anyone who abandons and mistreats a person under the age of fourteen, or a person who is incapable, due to mental or physical illness, of providing for himself, and for whom he has custody or has to take care of, is punished with imprisonment from six months to 24 years.” The Office of the Guarantor Authority for Childhood and Adolescence oversees child projects and reported in its 2018–2020 investigation of 250 out of the 6,080 municipalities in Italy that out of every 1,000 resident minors, 45 were in the care of Social Services. Of the 401,766 children and young people in the care of Social Services, 77,493 (19.3%) had experienced some form of abuse. Twenty percent of these reported cases of abuse came from the hospital, the dentist, and the pediatrician (167).

There is no specific legislation or guideline on child dental neglect, nor are there screenings, reporting or management of child dental neglect in Italy. The 2018–2020 survey highlighted the need for instituting periodic monitoring systems to support the implementation of policies on prevention, protection, and treatment of abused minors (167). However, the current policy supporting children who survive child abuse seems not to have effectively addressed child dental neglect as a distinct form of child abuse despite evidence that child dental neglect is an indicator of child abuse.



Latvia

The estimated prevalence of untreated caries in primary teeth is 47.5%, and the prevalence of caries in the enamel level reaches 98.5% in 12-year-olds at the enamel level (168). In addition, the number of cases of dental treatments for children under general anesthesia has increased by 350% over the past 16 years (169). However, despite legislation mandating public dental care for children under 18 years of age, access to dental care is limited due to funding shortages and the need for dentists, particularly in regions outside the capital city.

Latvian laws emphasize the importance of ensuring children's access to healthcare, including dental care, and hold parents or guardians responsible for their child's health and well-being. Neglect is defined as the failure or negligent performance of duties of care and supervision or prolonged neglect that harms the child's development or causes physical or psycho-emotional suffering, as stated in Article 13 of the Law on the Protection of the Rights of the Child (170). Liability for failure to fulfil childcare obligations can result in a warning or a fine, as described in Article 51 (170). Parental custody may also be suspended in cases where the parent endangers the child's health or life, abuses their rights, or fails to ensure the care and supervision of the child, as per Article 200 of the Civil Code (171). However, it is challenging to implement legal instruments to address child dental neglect in Latvia. This is because of limited access to public service, which has resulted in delays in adequate care, a lack of timely interventions and no prevention programs.

To effectively address the oral health needs of children in Latvia, it is imperative to shift towards evidence-based interventions supported by reforms in the payment systems. The adoption of value-based healthcare models (172), which prioritize health outcomes rather than paying for manipulations, could raise public awareness about parents' responsibilities. By implementing these reforms, Latvia can strengthen the application of legal instruments, ultimately leading to improved oral health outcomes for children and reducing the prevalence of caries.



Serbia

One third (36.7%) of children aged 12 to 71 months in Serbia had ECC, and a mean dmft of 0.9, with 94.1% of the lesions untreated (173). About 44.3% of parents are actively involved with daily toothbrushing for their children. Children living in poor regions of the country have a higher likelihood of ECC and untreated lesions (173).

Although there is universal dental health care coverage for children and adolescents until age 18 years and for undergraduate students until age 26 years, there is poor uptake of the free public dental services: 23% of infants received oral health examination and advice before their first birthday, 18% of parents of infants received free individual oral health education, 20% of toddlers received oral health examination, 17% of parents of toddlers received free individual oral health education and 20% of 3-year-olds received oral health examination (174).

The General Protocol for Child Protection from Abuse and Neglect was adopted for implementation by the Government of the Republic of Serbia in 2005 and was developed in collaboration with the WHO and International Society for Prevention of Child Abuse and Neglect (175, 176). The document notes that neglect includes neglecting health care needs of children, such as not providing necessary dental care. However, child dental neglect is not officially reported as an independent diagnostic entity in any legal act or document concerning child neglect or abuse in the country. To date, there has only been one case of dental neglect reported (177). Also, no pediatric dentist serves as an expert on the working group that developed the National Strategy on Abuse Prevention and Child Protection in the Republic of Serbia (178). This oversight may have created a gap in the use of specific terminology, although dental neglect is an officially reportable entity. Having a specialist in dentistry as a member in the multidisciplinary team handling child neglect will improve the attention paid to dental neglect in Serbia.



United Kingdom

Despite the availability of free dental care to children through the National Health Service (NHS), inequality in dental caries is a persistent problem in England. Dental caries affects children whose families are subjected to socioeconomic adversities, live in deprived areas and are ethnic minorities (179). Furthermore, apparent socioeconomic inequalities in regular dental visits were also observed among children in the UK (180). This is particularly important, as it hinders early identification of those at high disease risk for prevention and timely intervention. Difficulties such as availability of dental appointments, inability to take time off work and cost of transportation have been recognized as potential contributors to inadequate regular dental visits and have led to delayed caries detection and treatment; however, others have highlighted the possibility of child dental neglect as a reason for delayed treatment of caries (181).

The National Institute for Health and Care Excellence (NICE) recognizes unexplained oral injuries and persistent failure to seek dental care for dental problems when services are available as child dental neglect (182). The NICE guidelines enumerate considerations for child dental neglect and place the responsibility of child dental neglect on parents (183). Others have criticized this approach and argued that there should be a role for dentists to communicate with other healthcare professionals and social services to tackle child dental neglect (184). In 2022, there was an apparent improvement in the training of undergraduate and postgraduate dental students to identify child neglect, communicate with different agencies and refer suspected cases of maltreatment and neglect (185).

The government has however also recognized the role of socioeconomic and environmental factors in child dental neglect and has developed guidance aimed at preventing dental caries and making healthy choices the easier choices. This included providing parental advice on breastfeeding, healthy eating and reduction of sugar consumption, increased taxation on soft drinks, targeted supervised tooth brushing, provision of toothbrushes and toothpaste by post, and targeted community fluoride varnish and water fluoridation (186). The government also has legislation and recommendations to prevent child maltreatment and neglect, which include the Children's Act 1989 (187) and the Working Together to Safeguard Children program.




South-East Asia region


India

India is home to the largest child population in the world, with almost 41% of its 1.4 billion people under 18 years of age. For children below 6 years, the prevalence of ECC is about 49.6%, ranging from 41.9% to 69% in different regions (188); the prevalence of dental trauma is about 15% (189). Dental neglect is a significant problem, and causes include parental deferment of the child's treatment needs despite being aware, or the child's fear of dental treatment preventing the treatment from being done (190). Neglect is worse amongst female children, children from joint families and children of parents with low socioeconomic status (191).

Article 21 of the constitution of India (192) guarantees the right to health as a fundamental right of all citizens. The scope of Article 21 was further widened, as the Supreme Court held that it is the responsibility of the Government to provide adequate medical aid to every person and to strive for the welfare of the public at large. India is also a signatory to the United Nations Convention on the Rights of the Child and has the Children Act, 1960 (193), which provides for the care, protection, maintenance, welfare, training, education, and rehabilitation of neglected or delinquent children. There are, however, no studies that quantify the magnitude of established cases of child dental neglect. The constitutional right of the child to health has not been reflected in the oral health of children in India. Awareness of oral diseases is a key for preventing dental neglect. A specific law on the right of every child in India to oral health may change this paradigm.



Indonesia

Many children in Indonesia have poor oral health, and this problem continues into teenage and adult years (194). Over 90% of Indonesian children aged 5–6 years have caries (195) and the oral health of street children is very poor (196). It is estimated that approximately 22.2% of children in Indonesia experience neglect (196) driven by variables at the individual (gender, age of the child, and child's disability status) and household level (housing condition, education level and age of the head of household, household economic status, number of minor household members, parents' working status, one or both parents dead, existence of other neglected children in the household, and living arrangements).

The Law of the Republic of Indonesia Number 23 of 2002 and Number 35 of 2014 make up the primary legal framework that governs the protection of children in Indonesia (197, 198). These laws recognize the fundamental right of children to protection from violence, abuse, neglect, and exploitation, as well as the right to education, healthcare, and social welfare. The laws also recognize the importance of providing children (anyone below the age of 18 years) with access to quality health care services, nutrition, clean water and sanitation; and ensuring that children's physical, mental, and emotional well-being is protected (197, 198). The laws also prohibit any form of violence, abuse, or neglect that may harm children's physical or mental health, and imposes penalties on perpetrators (197, 198). The law, however, requires that the government provide free health care services to children in need, particularly those from low-income families, marginalized communities, and remote areas. When the government has met its obligation, a case can be established of willful failure of a parent or guardian to seek and receive treatment necessary to ensure a level of oral health essential for adequate function and freedom from pain and infection of the child. However, there is no specific data on the neglect of children, nor is there any on child dental neglect. This highlights an area that needs further research and policy attention in the country.




Western pacific region


Mainland China

Dental caries among children is a major public health problem in Mainland China. Over 70% of 5-year-olds and about 40% of 12-year-old children experienced dental caries in 2015 (199, 200). Most of the decayed teeth were not restored. The mean DMFT score was 0.83 and the mean DT score accounted for 83.4% of dental caries experience among 12-year-old children. For the 5-year-old children, the mean caries experience score was 4.24 and the mean dt score accounted for 95.9% of dental caries experience (200). Dental neglect resulting from poor awareness of oral healthcare and poor oral health-related knowledge contributes to the high level of untreated decayed teeth (77, 201).

The 2016 Healthy China 2030 blueprint and associated action plans proposed promotion of oral health, integration of oral examination into regular physical examinations and provision of topical fluoride, pit and fissure sealing and other oral health-care measures for children (202). Also, China enacted the Law on Protection of Minors (203), which requires that stakeholders, including parents/legal guardians, schoolteachers, and healthcare workers, be responsible for the protection of the physical and mental health of minors, safeguard their lawful rights and interests, and promote their all-around development. This law implies that poor uptake of accessible oral healthcare services by caretakers of children in need of oral health care is illegal. There is, however, no country level legal instrument that directly addresses child dental neglect in China.

The establishment of cases of child dental neglect may be challenging in the short run. China has a large population of children with dental caries experience, many of whom do not routinely visit the dental clinic: about 40% of 12-year-old school children have never visited a dentist (204). This makes it difficult to establish a case of dental neglect for most affected children. When a child has no dental home, dental professionals have poor knowledge and awareness of dental neglect (201), and the general public's prioritization of oral health needs is low (199). These individual, household, and structural barriers may limit the possibility of establishing a case of dental neglect against caregivers.



Hong Kong

The prevalence of dental caries in preschool children in Hong Kong has remained persistently high at 55% for many years (205). Unfortunately, dental services have not kept up with this burden (206), and a staggering 95% of caries in primary dentition remains untreated (205). In contrast, the caries prevalence in 12-year-old children is lower at 23% with a DMFT index of 0.4 (207). The success of the free dental care services provided by the School Dental Care Service is believed to contribute to this lower caries prevalence in older children while low socioeconomic status has been linked to a higher prevalence of dental caries in young children (208).

The Hong Kong government adopted the United Nations Convention on the Rights of the Child in 1997, with a commitment to providing children with the highest attainable standard of health (209). Policies related to child protection and child abuse are formulated by the Child Protection Policy Unit (210), and services for children in need of protection from maltreatment are provided by the Family and Child Protective Services (211). The law holds individuals over the age of 16 years responsible for willfully neglecting a child, with potential prison sentences of ten years on indictment or three years on summary conviction (212).

Despite these regulations and efforts, the number of new child abuse cases in Hong Kong has alarmingly increased from 940 in 2020 to 1367 in 2021, with child neglect accounting for about 20% of all reported cases of abuse/maltreatment (211). Dental neglect, which can be prosecuted as child neglect, often goes unnoticed or unreported due to poor awareness and knowledge about the signs of dental neglect. It is particularly prevalent among those with low socioeconomic status (213).





Summary of findings

As mentioned in the Methods section, we theorized that countries with developed health and social care systems [including for child dental health and child (dental) neglect] had well-defined policies to address child dental neglect. Table 1 provides a summary of the prevalence of caries, and alongside, summarizes the legal status on child dental neglect in the 26 countries and the one special administrative region studied. The side-by-side presentation of this data allows for an at-a-glance review of the data relevant to our theory. Twenty-five of the 26 countries and administrative regions have legal instruments to address child neglect. However, only two (8.0%) of these 25 countries and administrative regions had specific legal instruments on child dental neglect.


TABLE 1 Prevalence of caries and legal status on child (dental) neglect in 26 countries and a special administrative unit of China.

[image: Table listing the prevalence of untreated dental caries in children from various regions, along with details on legal instruments related to child neglect and dental neglect. It includes specific prevalence data for primary and permanent teeth, and notes on legal provisions for countries such as Nigeria, South Africa, the United States, and others. Detailed notes on legal measures, where applicable, are included for some regions. Data sourced from the World Health Organization (WHO) Global oral health status report 2022.]

The data does not reveal any discernible correlation between the prevalence of untreated ECC and the presence of specific legal measures addressing child dental neglect. Nevertheless, in the two countries where legal provisions for child dental neglect exist, these measures outline the responsibilities of general practitioners in identifying instances of dental neglect and involve social protective agents to enhance the well-being of affected children. In both countries, the social workers are involved in managing the child before prosecution, and sanctions for child dental neglect can be as severe as been held in custody. The involvement of social protective agents consistently aims to address the needs of the affected child.



Discussion

This policy analysis indicates that while many countries may have laws pertaining to child neglect, specific laws addressing the failure of caregivers to seek and provide adequate oral care and treatment for children as child neglect are uncommon. However, child neglect laws can be interpreted to encompass cases of child dental neglect, provided other corroborating conditions are met. In countries where the government has not adequately addressed barriers that limit children's access to oral healthcare, establishing a case of child dental neglect may prove challenging. These barriers include the unavailability of dental care, limited affordability of dental services, dentists' lack of awareness and competency to identify, manage, and report cases of child dental neglect, and a general lack of public awareness regarding the significance of oral health, the dental care system for children, and the legal implications of failing to provide oral healthcare. In high-income countries where legal instruments exist, the supporting environment does not appear to offer additional protection against the risk of untreated dental caries in children.

We hypothesize that having specific laws on child dental neglect may not provide significant protection for children against the risk of untreated caries. However, in countries where such laws exist, it is more likely that the government will establish supportive systems and structures to enhance children's access to dental care. These legal mandates for oral health care may encourage regular dental visits for checkups and diagnostic tests, thereby reducing the risk of caries at the individual level. Moreover, the existence of specific laws on child dental neglect may lead to public education on the legal responsibilities of parents and caregivers to ensure children's access to oral health care, the training of dentists in diagnosing and reporting cases of neglect, and the training of the judiciary to handle cases related to child dental neglect. This comprehensive approach can be referred to as a “social ecosystem” that promotes preventive dental care for children. Furthermore, in situations where specific laws on dental neglect are in place, but the government is not fulfilling its responsibilities, advocates can actively campaign for the establishment of systems and structures to protect the oral health of children and minimize neglect. This proactive stance can lead to improved access to dental care for children and better oral health outcomes.

Creating social ecosystems to prevent child dental neglect fits well within a human rights framework. The right to health is a fundamental human right protected and guaranteed by laws, as identified by this study. Oral health is an integral component of general health; without it, there can be no sound state of overall health. However, whether the right to health includes the right to oral health remains unresolved (216), we the authors believe that the right to health includes oral health. Where the right to oral health for children is guaranteed by legislation, the evidence highlighted in Table 1 seems to suggest that this is not enough. A social ecosystem for the prevention of child dental neglect, inclusive of the law, is needed. However, parents need to be educated about their responsibility to seek dental care for their children, particularly where free dental services are available. The competency of dental practitioners to identify, report and manage child dental neglect needs to be built. Public health authorities need to support and maintain an environment that promotes health and develop preventive dental programs for those who are overwhelmed by adverse socioeconomic conditions. Laws ensure that rights are protected and laws against dental neglect ensure that children's rights to oral health care is considered important enough for systems to be established and processes to be instituted.

We acknowledge that the right to oral health is a complex concept that has normative, philosophical, and practical dimensions, and its implementation is dictated by available resources and local priorities based on contextual factors (217). Also, the neurological, biological, and behavioral sequelae of neglect are driven by the chronicity, severity, and timing of neglect experiences (4). This complexity suggests that the determination of child neglect should be on a case-by-case basis, taking into consideration all the nuances that influence the establishments of such a case. These nuances may create a gap between the existence of laws and policies that protect children from dental neglect, and their implementation. For example, where dentists are mandated to establish the case of dental neglect, care reporting will be very low when the number of children who utilize oral health facilities is low. Children experiencing dental neglect will be less likely to be detected in the dental clinic, as they will likely only visit when there is an extreme need for dental care services. Also, in countries where the judiciary system is weak and corrupt, police reporting of child dental neglect will be low, and prosecuting cases may be compromised. Yet, deliberate actions need to be taken to safeguard the health, wellbeing, and welfare of every child by maintaining their oral health. These country specific nuances may imply that the operationalization of child dental neglect may differ from country to country.

The influence of culture on child management adds another layer of complexity to diagnosing child dental neglect and impacts how communities perceive such cases. Parenting behaviors are culturally shaped, and definitions of neglect vary across different cultures and societies (218). In some societies where poverty and limited access to dental care prevail, the lack of provisions for oral health care affects the entire community, making what may be otherwise defined as child dental neglect more of a community-level issue rather than solely the responsibility of neglectful parents as would be the case in a well-provisioned community (218). These cultural and societal nuances can impact how dental neglect is perceived, potentially leading to it being seen as a societal problem with health impact rather than a criminal act. Unfortunately, there is no consensus in the literature on the contextual definition of child dental neglect, making it challenging to analyze the factors that may influence the criminalization of such cases.

In addition, although child dental neglect may exist in isolation, untreated oral diseases can be a sign of broader child neglect and exposure to adverse experiences (77). Family isolation, lack of financial support, transportation difficulties, parental ignorance, parental psychopathology, poverty, or a lack of perceived value of oral health may all contribute to a failure to seek or obtain proper dental care (109, 119). Child dental neglect may be an indicator of child maltreatment (220), with children who are maltreated likely to have 2–8 more teeth with caries experience than children who are not maltreated (221, 222).

Ironically, although laws should protect the interests of children, their use may jeopardize public health efforts to meet children's oral health needs. Laws that criminalize child dental neglect assign blame and may not be strong enough to prevent harm (223), as the parent may be living in a social context that is disempowering, or they lack the tools to act on behalf of the child's oral health wellness and wellbeing (224). Children then experience deleterious chronic stress and adverse childhood events that further reduce their quality of life in addition to the impact on oral diseases they are suffering from (224). This collateral damage may result from the criminalization of dental neglect in countries where the experience of adverse childhood events is already high, as criminalization may have a more negative than positive impact on the child's long-term wellbeing. A viable alternative is creating or strengthening public health systems to meet the child's oral healthcare needs. Children who experience dental neglect most likely come from disadvantaged and vulnerable communities (225), which may do better with access to support rather than criminalization.

The intricate interplay of various factors complicates the establishment of a criminal case for child dental neglect, making it challenging to assess the effectiveness of legal measures in curbing untreated dental caries, a primary objective of this study. To begin with, there seems to be very few countries with explicit legal provisions addressing child dental neglect, thereby restricting the collection and analysis of pertinent data concerning child dental neglect. In cases where legal instruments do exist, the availability of analyzable data is exceedingly scarce, posing considerable difficulties in evaluating the effectiveness of such laws on a broader scale. While it's conceivable that these laws might be effective at the household level, there is minimal accessible literature providing evidence in this regard. Consequently, there is a substantial need for further research to address these gaps resulting from limited evidence, which is essential for advocating the implementation of specific laws pertaining to child dental neglect.

In the interim, combining a public health approach with a human rights-based approach, inclusive of an efficient criminal justice system to deal with dental neglect, may be more effective to control children dental neglect. The public health focus brings an analytic approach to identifying risk factors that then become the focus of preventive interventions. This may be more effective for the primary prevention of crimes than the use of punitive criminal laws (226). Such public health approach includes the use of outreach dental clinics to provide oral health services for disadvantaged and vulnerable communities (227). Unlike the criminal justice system that is reactive and punitive, the public health response is proactive and preventive. Also, the criminal justice system in many countries is ineffective in criminal behavior control, as the system is tainted from the point of arrest to investigation, arraignment in court, case hearing, verdict, and execution of court verdict (228).

In summary, the neglect of a child's oral health when caregivers or parents fail to seek and provide appropriate oral care and treatment is a matter that requires attention. However, addressing child dental neglect and considering whether it should be a criminal offense is a multifaceted issue with normative, philosophical, and practical aspects. It necessitates a careful examination of country-specific circumstances to establish the conditions under which a criminal case can be established. Both public health initiatives and the criminal justice system should, at the very least, prioritize the prevention of untreated dental caries due to its severe consequences, which include stunted physical growth and development, impaired psychological and cognitive development, adverse neurodevelopmental outcomes, and diminished quality of life (229, 230). When public health systems are sufficiently equipped to facilitate children's access to oral healthcare, then criminal penalties may be imposed on caregivers who neglect to seek oral health treatment, whether for preventive or curative purposes, for children with dental caries or other oral health needs. The extent of punitive measures should be tailored to the specific context.

This study has several limitations that should be acknowledged. Firstly, this was a narrative literature review, which may not offer a fully exhaustive and detailed understanding of the issues concerning child dental neglect and oral health problems (231). However, the review effectively fulfills its objective of providing an overview of a topic that has not been extensively explored before. The overview was, however, limited to 26 (12.7%) of the 204 countries in the world, and these countries were conveniently selected, with the number of countries not being proportionately distributed across regions. Despite these limitations in the sampling procedure, the information provided by the study sample still offers an insightful overview of a social and public health issue that may be interplaying to exacerbate societal problems.



Conclusion

This policy review indicates that different countries have varying legislative approaches to addressing child dental neglect, and that legislative efforts alone may not be sufficient to solve this problem. A more comprehensive approach that uses a mix of public health and human rights approaches may be more successful. However, it seems that laws and legislation that prohibit child dental neglect increase the prospect of building a social ecosystem that may reduce children's risk to caries at the individual level. Where there are laws that prohibit child neglect without explicit focus on child dental neglect, it is unlikely that there will be a social ecosystem that prevents child dental neglect. Also, the social context may inform how child dental neglect is defined and operationalized. Therefore, we recommend that countries set their own nuanced definition of child dental neglect and develop a social ecosystem and legal instruments specific to country context without undermining the right of the child to oral health.
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Background: Dental caries among preschool children were prevalent worldwide and had a significant impact on children and their families. Understanding its prevalence and risk factors helps to optimize the delivery of oral health care to the target population and promote their oral health ultimately. This cross-sectional study aimed to examine the prevalence of dental caries and its associated factors among 3- to 5-year-old children in Huizhou, Guangdong Province, China.



Method: We recruited children from 21 kindergartens adopting multistage sampling method. Two examiners performed oral examination. They assessed children's dental caries experience following the World Health Organization criteria. Children's dental caries activity, malocclusion, tonsil size and pH value of saliva were evaluated. Parental questionnaires collected child's sociodemographic background and oral-health-related behaviors. Data were analyzed by univariate analysis and logistic regression using SPSS.



Results: This study invited 1,485 children and recruited 1,348 (53.2% boys) (response rate: 90.8%). Dental caries prevalence rate was 58.2% for 3-, 70.7% for 4-, 80.5% for 5-year-old and 72.9% for all recruited children. The mean dmft score (±SD) was 3.38 (±4.26) for 3-, 4.75 (±4.96) for 4-, 5.81 (±5.71) for 5-year-old and 4.99 (±5.02) for all children. Age, family status (singleton or not), monthly family income, mother and father's education level, tonsil grading score, spacing in dentition, Cariostat score (reflecting the caries activity), dental plaque index, duration of breastfeeding, dental visit experience, tooth brushing habits and sugary snacking before sleeping were statistically related to the prevalence of dental caries (p < 0.050) in univariate analysis. These factors were further analyzed in the regression model. The results of the final model indicated dental caries were associated with age (p < 0.001), Cariostat score (p < 0.001), spacing (p < 0.001), tonsil grading score (p = 0.013), singleton or not (p = 0.002), sugary snacking habit before bed (p < 0.001) and breast-feeding duration (p = 0.050).



Conclusion: Dental caries was prevalent among 3-to 5-year-old preschool children in Huizhou, China. Children's age, caries activity, tonsil size, malocclusion, family background, sugary snacking habit and breast-feeding habit were related to the prevalence of dental caries. More emphasis should be placed on prevention targeting the risk factors from early life.
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1 Introduction

Dental caries is the most prevalent chronic disease among children with a significant impact on individuals, families and society (1). Although it's largely preventable, more than 530 million children worldwide affected with dental caries in the primary dentition and most of the decayed teeth were untreated (2). The American Academy of Pediatric Dentistry defined “early childhood caries” (ECC) as the presence of one or more decayed (non-cavitated or cavitated lesions), missing (due to caries), or filled tooth surfaces in primary tooth of a child under 6 years old (3). A recent systematic review reported a global combined prevalence of ECC was 48% based on a variety of studies using WHO criteria for ECC prevalence (4). In China, the prevalence of ECC in children aged 3, 4 and 5 years is 50.8%, 63.6% and 71.9% respectively, reported by the latest National Oral Health Survey in China (5). The prevalence of dental caries among 5-year-olds was 5.8% higher than 10 years ago. Rural area had a higher prevalence rate when compared to urban area. ECC remained a serious concern for children in China (5). Untreated ECC not only critically affects the oral health of children, but also their general well-being. It may lead to localized pain, infection, early primary tooth loss, malocclusion, eating and speech disorders, as well as developmental delays (6–8). The early prevention of dental caries in preschool children is essential.

The occurrence and development of ECC is the result of a long-term imbalance of multiple risk and protective factors (7), such as sociological, biological, environmental factors and a wide range of oral health related behaviors. It is generally recognized that lower socio-economic status, poor parental education, lack of good oral hygiene practices and feedings of sugary foods at night are risk factors for caries (9–12). In addition, early life experience which affects children's growth and development may also linked to dental caries (13). One notable factor was breastfeeding. The relationship between breastfeeding practices and ECC has been recognized in recent studies but remains unclear and further research is required (14). The composition and properties of saliva also play a crucial role in the development and progression of dental caries. It may protect the teeth through various mechanisms, such as removal of food residues and sugars, aggregation and elimination of microorganisms, buffering by neutralizing acids, and antimicrobial defense. However, salivary dysfunction including low saliva flow rate and deficient buffering capacity would increase the incidence of dental caries (15). This study also assessed the relationship between palatine tonsils and dental caries. Palatine tonsils are located between the lingual and palatine arches, which are the largest peripheral immune organs in the oropharynx. Tonsillar hypertrophy is a common condition that occurs in 1%–3% of Chinese children aged 2–6 years (16), and its common etiology is currently thought to be prolonged inflammatory stimulation and closely related to the microbiota (17). Some studies have found that palatine tonsils hypertrophy leads to mouth breathing and causes orofacial problems in children. Mouth breathing might lead to a high risk of dental caries (18), but few studies reported the relationship between palatine tonsils and caries. Results of the present study may add new information of the relationship between palatine tonsils and dental caries.

China is a large country where has significant dietary and cultural differences between regions, which may affect children's oral health conditions. Besides, with China's rapid economic development, inequalities were found in children's health (19). Huizhou is a second-tier coastal city which located in the rapidly developing Pearl River Delta of Guangdong Province in southeastern China (20). The population of Huizhou is approximately 6 million, and about 80 percent are Hakka people (21) (a subgroup of the Han Chinese). Belonging to the Sino-Tibetan family, this ethnic group speaks the Hakka dialect and prefers Hakka cuisine, which is salty and aromatic. In 2021, Huizhou's Gross Domestic Product per capita was 70,191 yuan (about US$9,862), which was much lower than the national average (about US$12,551) (22). Until now, no reported epidemiological studies about the status of Huizhou preschool children's dental caries had been published. Moreover, there is no prevention strategies targeting dental caries for Huizhou children, such as topical fluoride application. This study was carried out to investigate the prevalence and associated factors of early childhood caries among 3- to 5-year-old preschool children in Huizhou, China. Results of this study may help to optimize the local delivery of individualized prevention and treatment, and to promote children's oral health in Huizhou.



2 Method

This is a cross-sectional study conducted from March to May 2022 following the Declaration of Helsinki, and reported in reference of the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) (Supplementary File 1) (23).


2.1 Ethics

Before the commencement of this study, ethical approval was obtained from the Medical Ethics Committee of the Hospital of Stomatology, Sun Yat-sen University (KQEC-2021-39-03), and the written parental consents of the participating children were obtained.



2.2 Subjects

The sample size was calculated using the formula: n=Z2×P×(1−P)/d2, where the Z statistic was confidence based, P was prevalence with d as precision (24). The fourth national oral health epidemiological survey in 2018 showed that the prevalence of dental caries in children aged 3, 4 and 5 years is 50.8%, 63.6% and 71.9% in China (25), respectively. With a confidence level of 95% and a confidence interval (CI) of 10% (40.5%–50.5%), giving an assumed response rate of 80%, a total of 1,320 children aged 3–5 years should be invited for this study.

To recruit children, multistage sampling method was adopted. All eight sub-districts in Huizhou were selected, and preschools in the sub-districts were categorized in to public and private kindergartens according to their regulatory bodies. In the first stage, the proportion of children invited in public and private kindergartens in each sub-district was determined by the proportion of public vs. private kindergartens and the proportion of the populations of the eight sub-districts distributed. In the second stage, a simple random sampling method was used to select public and private kindergartens in each district and used to select one class from each grade (K1, K2 and K3) in the selected kindergartens. Finally, all children in the selected classes were invited using the cluster sampling method. Children aged 3–5 years in all selected classes were recruited to enroll in the study based on the inclusion criteria: primary dentition, both parents are Han Chinese who are local residents in Huizhou, no medical history of serious systemic disease, no craniofacial abnormalities, and had good cooperation.



2.3 Questionnaire survey

A closed-ended parental questionnaire was designed based on the conceptual model affecting children's oral health that proposed by Fisher Owens and distributed (26). Parents or legal guardians completed questionnaires with no assistance and submitted before the day of the clinical examination of their children. The questionnaire consisted of the following four sections:


	•Demographic background: age, sex, only-child or multi-child family, primary caregiver

	•Socio-economic status: parental education level, family monthly income

	•Oral health–related behaviours: dietary habits, toothbrushing habits, dental visit experience

	•Child's feeding pattern: feeding type in the first 6 months of life, duration of breastfeeding and bottle-feeding, sleeping with a bottle



In the questionnaire, “occasionally” referred to 3 or less than 3 days a week while “often” referred to more than 3 days a week. An assistant checked the returned questionnaires and followed up on inappropriate and missing information in the questionnaires by telephone.



2.4 Oral examination

The dental examinations were carried out by two dentists [(LL and WC)] who were trained and calibrated by an experienced pediatric dentist (FH). Both examiners maintained excellent inter- and intra-examiner consistency, with a kappa value of over 0.9. A thorough examination of dental caries, plaque index, tonsil degree, crowding and spacing were carried out in kindergarten with the aid of a portable headlight, disposable mouth mirror and CPI probe with the child in the supine position. To assess excellent inter- and intra-examiner reliability, 5% of subjects were randomly selected for re-examination at the same day.

Dental caries was diagnosed following the World Health Organization (WHO) criteria. Children who had any decayed missing and filled teeth (dmft) were recorded as having caries and dmft score were calculated. The plaque index of six index teeth (55, 53, 51, 71, 73, 75) was assessed using the Silness and Löe scale (25). Tonsil size was classified according to the Friedman grading scale (27), with the following criteria: Zero was used to denote that the patient had a tonsillectomy. Grade I tonsils were in tonsillar fossa. Grade II tonsils were visible behind the anterior pillars. Grade III tonsils extended 3/4 of way to the midline, Grade IV tonsils were completely obstructing the airway. For crowding and spacing, if the overlap of the primary teeth is >2 mm, crowding is recorded, while if the wide interval between the primary teeth is >2 mm, spacing is diagnosed. No radiographs were taken during oral examinations.



2.5 Caries activity and salivary flow rate assessment

The Cariostat kit (GangDa Medical Technology Co. LTD., Beijing, China) was used to assess caries activities. According to the instruction, examiners scrubbed the buccal surfaces of the maxillary molars and mandibular incisors 3–5 times with a sterile cotton swab, and then placed the swab in a medium containing 2.5 ml of Cariostat test medium. Samples were incubated at 37°C for 48 h. The Cariostat score was assessed by comparing the reference colour provided by the manufacturer. The reference colour score is graded from 0 to 3, with intervals of 0.5 points. The colour changes from blue to green and eventually to yellow, indicating an ability to increase the acid production of plaque in the sample.

Then students were asked to rinse their mouths with water. Unstimulated saliva was collected by spitting the saliva through a funnel into a 5 ml tube within 10 min. The flow rate of unstimulated saliva was calculated (ml/min) accordingly. The buffering capacity of the saliva was measured by the Ericsson method (27). We added 0.5 ml of saliva to 1.5 ml of 5 mmol/L hydrochloric acid within 5 min, and left it stand for 20 min to remove carbon dioxide. The ultimate pH of saliva was assessed by using pH test strips. The buffering capacity of unstimulated saliva was recorded as “low”, “normal” or “high” when the pH was in the range of ≤3.5, 3.5–4.75 or ≥4.75, respectively.



2.6 Statistical analysis

The data were entered into personal computers by the examiners with Microsoft Office Excel 2013. Two field assistants double checked the data to avoid mis-entry. Missing data in questionnaires were filled by the median number. Data were analysed using SPSS version 25.0 for Windows (IBM Inc, Chicago, IL, USA). Frequency and percentage were presented. The intra-examiner agreement was evaluated using Kappa statistics. A Chi-square test was used to assess the differences in risk factors between the caries group and the caries-free group. The Mann-Whitney U-test or Kruskal–Wallis H-test was used to evaluate the distribution of dmft score under different variables because the dmft score did not follow a normal distribution. All risk factors with a p-value of less than 0.1 in the Chi-square test were included in the multivariate regression analysis to investigate the relationship between caries prevalence and the variables selected. The odds ratio (OR) and 95% CI were calculated. The statistical significance level for all tests was set at p < 0.05.




3 Results

A total of 1,485 children from 21 kindergartens were invited. Among them, 21 children did not have parental consent forms and were excluded. During the examination, 116 participants were uncooperative or absent. Finally, the study recruited 1,348 preschool children (response rate: 90.8%), among who, 717 were boys (53.2%). The mean age of these children was 4.26 [standard deviation (SD): 0.65] years.


3.1 Dental caries status

Results showed that the prevalence rate of dental caries was 73%, with a mean dmft score (±SD) of 4.99 ± 5.02. The untreated caries (dt = 4.85 ± 4.93) accounted for 97% of the dmft score, while the mean number of mt or ft accounted for a small percentage (mt = 0.01; ft = 0.13) (Table 1). The dental caries prevalence rates of the 3-, 4-, and 5-year-old children were 58.2%, 70.7%, and 80.5%, respectively. There was a statistically significant difference in the prevalence rate among the three age groups (p < 0.001). The mean dmft scores were 3.38 ± 4.26, 4.75 ± 4.96, and 5.81 ± 5.17 among 3-, 4-, and 5-year-old children, respectively. No differences in dental caries prevalence between sex were statistically significant (p > 0.05).


TABLE 1 Dental caries status of 3- to 5-year-old children in Huizhou, according to sex and age.

[image: Table showing dental caries data among children by sex and age. Out of 1,348 children, 73% have dental caries. Boys account for 74.4%, girls 71.4%. By age, 58.2% are three years, 70.7% are four years, and 80.5% are five years. Statistical tests include Chi-square, Mann–Whitney U, and Kruskal–Wallis.]

The distribution of the dmft score was right skewed and shown in Figure 1. A majority of studied children had a dmft score of zero. Among children with dental caries experience, the mode dmft score was two. The number of participants tapered off slowly for higher dmft values. The distribution of dental caries in different tooth is shown in Figure 2. The dental caries prevalence rate of maxillary teeth was 68%, which was higher than that of mandibular teeth (58.2%). Maxillary central incisors had the highest prevalence rate of dental caries (55.5%), followed by mandibular molars (41.5%) and maxillary molars (30%), whereas mandibular lateral incisors had the lowest prevalence rate (4.3%).


[image: Bar chart showing the percentage of children with different dmft scores for ages three, four, and five. Most children have a dmft score of zero, with percentages decreasing as scores increase. Blue indicates three years, red indicates four years, and yellow indicates five years.]
FIGURE 1
Distribution of dmft score among 3- to 5-year-old children in Huizhou, China.



[image: Bar chart showing prevalence percentages for two different data sets. The top portion includes percentages like 29.4% and 55.5%, while the bottom portion ranges from 4.3% to 41.5%. Each bar is labeled with corresponding values.]
FIGURE 2
Distribution of teeth had dental caries according to tooth position.




3.2 Tonsil grading, caries activities and saliva assessment

Among the study children, 193 (14.3%) had a tonsil degree of III or above. Half children (54.3%) had spaces in the dentition, and 9.4% had crowding (Table 2). The majority (77%) of children had a salivary flow rate of ≥0.25 and approximately half (49. 7%) of the children within the normal range of unstimulated salivary buffering capacity. Besides, according to Cariostat score, 18.2% of the children had low acidogenic activity, while 32.8% had high acidogenic activity. Meanwhile, 14% of the children had a plaque index of 2 −3.


TABLE 2 The condition of tonsil grading, saliva physical properties, interdental spacing and crowding, plaque index and Cariostat score among children aged 3–5 years in Huizhou, China, according to age and sex [N (%)].

[image: Table comparing independent variables across age groups (3, 4, 5 years) and sexes. Variables include tonsil grading, spacing, crowding, saliva secretion, buffering capability, plaque index, and Cariostat score. Significant p-values are marked. Data indicate percentages and total counts for each category. Chi-square test is used, with significance noted at p < 0.05.]



3.3 Background information and oral health-related behaviours

More than half (55.1%) of the children never had a dental visit, and only 6.2% had regular dental visits. Most of the children (77.9%) had their mothers as their primary caregiver. A few (17.9%) children were from one-child families. Nearly half of the children (44.1%) consumed sugary snacks twice a day or above. Over half (63.3%) of the children started brushing their teeth at or before the age of two, and the majority (86.8%) brushed with parents’ assistance. A total of 31.1% children brushed their teeth at least twice a day, but only 23.5% of them did not eat sweets or sweetened beverages after teeth brushing. A few children (17.1%) adopted other cleaning aids such as flossing. Concerning the feeding pattern, the statistics show that the number of exclusively breastfed in the first 6 months was 51.5%, with artificial feeding at 13% and mixed feeding at 35.5%. Children who had breastfeeding lasted for more than 12 months accounted for 20.2%. Nearly half (45.6%) of the children were bottle-fed for more than 18 months. Only a few (5.2%) children had the habit of sleeping with bottle milk (Table 2).



3.4 Associated factors of dental caries

Results of the univariate analysis were presented in Table 3. No significant difference was found in the prevalence of dental caries or mean dmft score between boys and girls (p > 0.05). Factors that significantly associated with both dental caries prevalence and mean dmft score were age, dental plaque index, Cariostat score, tonsil degree, spacing, mother's educational level, one-child family, monthly household income, history of dental visits, time of starting brushing, daily frequency of brushing and sugary snacks before sleep (p < 0.05). Salivary buffering capacity, father's education level, frequency of daily snacks, duration of breastfeeding, sleeping with bottle milk and parents’ assistance in brushing were only associated with mean dmft score (p < 0.05).

Risk factors with a p-value of less than 0.10 in the Chi-square test were applied to a multivariate regression analyzed by the Forward LR method. Table 4 showed the relationship between selected variables and dental caries in the regression model. Results indicated that the prevalence of dental caries increased by age. Compared to the age of 3, the age of 4 and 5 had higher odds ratios, which were 1.644 (CI: 1.110–2.436) and 2.501 (CI: 1.638–3.819), respectively (p < 0.05). Besides, higher Cariostat score had a higher probability of having dental caries. Compared to a Cariostat score of 0–1, children who had Cariostat score of 2–3 had a 7-fold increased risk of caries (OR: 7.941, CI: 5.185–12.162, p < 0.001). In addition, children who had tonsil degree III and above were more likely to suffer from dental caries (OR = 1.874, CI: 1.218–2.881, p = 0.004). Regarding the variables of snacking habits, sugary snacks before sleeping was significantly associated with the prevalence of dental caries (OR = 1.789, CI: 1.331–2.405, p < 0.001 for occasionally, and OR = 1.778, CI: 1.037–3.047, p = 0.036 for often). As for feeding practices, children who were breastfed for more than 12 months were more likely to develop dental caries with an odds ratio of 1.711 (CI: 1.075–2.722, p = 0.024). In contrast, children with spacing in the dentition (OR = 0.572, CI: 0.437–0.748, p < 0.001), as well as from one-child family (OR = 0.597, CI: 0.432–0.824, p = 0.002), were less likely to have dental caries.


TABLE 3 Univariate analysis on factors related to dental caries among children aged 3–5 years in Huizhou, China.

[image: Table comparing independent variables between ECC-free and ECC groups, showing counts, percentages, p-values, and mean decayed, missing, and filled teeth (dmft) scores. Variables include gestational age, saliva secretion, plaque index, caregiver education, family income, feeding methods, and oral hygiene practices. Statistical tests identified significant differences for several factors, such as saliva buffering capability, caries status by plaque index, and frequency of dental visits.]


TABLE 4 Logistic regression of variables related to dental caries among children aged 3–5 years in Huizhou, China.

[image: Table showing the association between independent variables and outcomes, presented with odds ratios (OR), 95% confidence intervals (CI), and p-values. Key variables include age, cariostat score, spacing, tonsil grading, family size, sugary snack consumption before sleeping, and breastfeeding duration. Significant p-values (p<0.05) are indicated with an asterisk.]




4 Discussion

This cross-sectional study is the first epidemiological study to investigate the dental caries status among preschool children in Huizhou, China. This study found the prevalence rate of dental caries and mean dmft score among the study population remained high. A significant gap existed between the prevalence rate of dental caries among Huizhou preschooler and the goal set by the WHO in 2003 which was that the caries-free rate of 5-year-old children would be 50% by 2020 (28). Moreover, differences in dental caries prevalence rate could be found between the study population and their peers in other countries such as India (50%) (29), Italy (19%) (30), South Africa (45%) (31) and United States (19%) (32). Though several dental caries management strategies were proposed and implemented in China (33), children in Huizhou, a second-tier city in Guangdong Province, seemed not benefit a lot from the current policies. The prevalence of dental caries of the study children was slightly higher than the national average which was reported in 2015 (prevalence: 71.9%, mean dmft: 4.24). It was also higher than other cities/provinces around China such as Shanghai (47.02%) (34), Hong Kong SAR (46%), Sichuan (63.47%) (35) and Guizhou (63.1%) (36), but similar to Zhejiang (70.4%) (37) and Yunnan (74.3%) (38). Besides, it was also higher than the average of Guangdong Province (68.3%) which was reported in 2016, and another northern city in Guangdong (3 year: 39.2%, 4 year: 44.8%) (39). The main results indicated that dental caries status among Huizhou preschool children was not optimistic and concerns from related stakeholders should be raised to improve the situation.

To manage dental caries, strategies that targeting risk factors should be taken into consideration. This study found several oral health-related behaviours were associated with dental caries. Sugary snacks before sleeping is a risk factor that commonly reported (30, 40, 41). The results showed participants who consumed sweets at bedtime were 1.78 times more likely to develop dental caries than those who did not. Sugary snacks before sleeping provides an large amounts of substrate (sucrose, glucose, and fructose) and sufficient time for the bacteria to produce acidic products, thus accelerates the development of dental caries (42). Similarly, breastfeeding also related to the development of dental caries. Our study found children who were breastfed for a long period of time were at a higher risk of developing dental caries, which was similar to other studies conducted in China (37, 43). Another study in Brazil reported that children who breastfed beyond 24 months had a 2.4-fold increased risk of severe dental caries when compared to children who breastfed for 1 year (44). Therefore, restricting sugary food before sleeping and the duration of breastfeeding may help to improve the situation of dental caries among preschool children. Though the WHO encourages exclusive breastfeeding for the first 6 months and complementary breastfeeding for the first 2 years (45), children's teeth should be cleaned and the frequency of sugary foods should be reduced (46) The British Society of Pediatric Dentistry even published restrictions on breastfeeding beyond 12 months in 2018 to avoid dental caries (limiting night feedings, etc.) (47). Oral health education which targeting the feeding before bed should be considered to provide to caregivers.

At the meantime, effective home tooth cleaning techniques should also be integrating into oral health education for Huizhou children as well as their caregivers. This study found that the plaque index and parent's assist in tooth brushing were related to the prevalence of dental caries in the univariate analysis but adjusted in the multivariate analysis. However, Cariostat score was statistically significant related to dental caries in the final model. Cariostat was designed to measure the pH value decrease caused by microorganisms in the plaque sample to assess dental caries activity (48). Children with higher Cariostate score would have higher level of cariogenic bacteria and have a higher chance to develop dental caries (49). Thus, effective plaque removal is essential to reduce the risk of dental caries among young children. Besides, the use of dental floss in young children should also be taken into consideration. Our study evaluated the relationship between interdental spacing and crowding with dental caries and found that interdental spacing was negatively correlated with caries, similar to the results reported by Cho (50). The absence of interdental spaces may complicate the cleaning of contact areas for young children and their parents, and children with spacing in their dentition may easily clean these areas and had less chance to develop dental caries on proximal surfaces. Though the relationship between crowding and dental caries was not found due to the small number of crowding of the study sample (9.4%), flossing should also be considered for caries prevention in children without interdental spacing.

Other social and biological factors were also found to be related to dental caries including age, number of children in the family, and tonsil grading in the final model. Attention should be paid to, and intervention strategies should be adopted for children with these factors. Previous studies reported similar findings. For example, elder children had higher chance to have higher prevalence and more severity of dental caries, consistent with other investigations (37). Caries is an irreversible process, and if cariogenic factors remain in affected children, this cumulative effect may contribute to the development of caries over time. This suggested that the prevention of dental caries should began at an early age. Prevention in childhood, in addition to being synonymous with monitoring the oral health of the child, means first of all to pay attention to parents who are the main behavioral reference (51, 52). A systematic analysis of studies has shown that people with lower parental educational backgrounds or incomes are more likely to had dental caries experience (53). Well-educated parents are likely to have a high level of dental knowledge, and probably provide more supervision and guidance during their daily oral health practice (54). Therefore, it's necessary to launch a parental oral health promoting program to control the risk factor of dental caries among children (55). Though this study found no significant relationship between family economic status, parental education, primary caregiver and dental caries in the final model, children who were from one-child families had lower chance to have dental caries. The reason could be that parents had only one child would have more time and pay more attention to their children's oral condition.

One interesting finding of this study was that 14.3% of children had enlarged palatine tonsils, and tonsil degree III and above increase the risk of dental caries. The palatine tonsils are a pair of flat oval lymphoid organs located between the lingual and pharyngeal palatine arches, which are adjacent to the oral cavity. The enlarged palatine tonsils lead to pharyngeal obstruction, causing problems such as snoring, dysphagia, mouth breathing and orofacial problems (56). A study of Chinese 3- to 6-year-old children found that the surface of the tonsils was richest in microbiota and shared with the oral cavity, regardless of tonsil health or under hypertrophic conditions. But no significant differences were found in the dmft index and dmfs index in the group with hypertrophic tonsils compared to normal tonsils (57). While Ahmed reported that the mean dental caries values were higher in children with chronic tonsillitis compared to those with normal tonsils, which may be due to the fact that caries and peritonsillar infections share the same microbial pathogens, such as Streptococcus mutans (58). In addition, tonsillar hypertrophy can be accompanied by mouth breathing, which leads to saliva reduction through evaporation. The reduction in resting saliva flow leads to an increase in the number and species of Candida and Lactobacillus bacteria, raising the risk of dental caries (59). More longitudinal clinical studies and experimental studies are needed to confirm the causal relationship between tonsil hypertrophy and dental caries. Moreover, this study also found sex were significant related to tonsil grading in the univariate analysis, which is in accord with other publications that more females present with tonsillitis compared to males and the reason is still under debate (60). Studies that aim at investigating the causal relationship between tonsil grading and sex may be needed in the future.

This study had other findings which may raise different stakeholders’ concerns, though these factors were not statistically significant related to dental caries in the analysis. One important factor was the utilization of dental services. Huizhou government requires that its local hospitals have to conduct annual oral examinations of preschool children in kindergartens, yet the study results showing that only half (55.1%) of the children had a dental visit, almost all of the caries (97%) were untreated. This indicates low utilization of dental services, and preventive techniques such as topical fluoride application and fissure sealing have not been widely promoted among preschool children in Huizhou. Moreover, the frequency and location distribution of dmft showed that the mode of dmft score was two, with the upper mesial incisors having the highest incidence, followed by posterior teeth, and mandibular lateral incisors had the lowest. Dental caries in anterior deciduous teeth may be associated with eruption at an early age, poor feeding habits and fail to take proper oral hygiene practice, whereas dental caries on molar teeth may be associated with deeply fissured and fossaed occlusal surfaces or compacted interdental space, which are difficult to clear. Therefore, promoting the utilization of dental service to provide preventive and therapeutic measures such as topical fluoride application annually, timely pits and fissure sealant may be essential to reduce the burden of dental caries among preschool children in Huizhou, China.

Overall, this study successfully enrolled a representative sample with a sufficiently large sample size and a high response through multistage sampling. Besides, this study followed WHO recommendations to maintain the representativeness, reliability and validity. Two examiners completed adequate calibration training before the start of this study and were obtained good internal and intra-examiner agreements. One limitation of this research is that the questionnaires may had potential recall bias from parents. In this study, caries was diagnosed according to WHO criteria rather than the International Caries Detection and Assessment System (ICDAS) so that the results can be compared to other studies. Radiographs were not used in the kindergarten setting, which may contribute to under estimation of caries status. It is worth noting that the diagnosis of interdental spaces may be influenced by adjacent caries, leading to an overestimation of interdental spaces. Another major limitation is that due to the nature of cross-sectional studies, our results can only find the association between risk factors and dental caries, but not the causative relationship between them. Further studies are needed to dynamically investigate the relationship between its influencing factors and dental caries. Nevertheless, this study is the first comprehensive analysis of dental caries among preschool children in Huizhou. The results may help epidemiologists and clinicians to better understand the prevalence and associated factors of dental caries among preschool children in Huizhou, China.



5 Conclusion

In conclusion, the prevalence of dental caries among children aged 3–5 years in Huizhou, China was high, and above the national average. Most of cavities remained unrestored. Children's age, caries activity, tonsil size, spacing, family background, sugary snacking habit and breast-feeding habit were related to the prevalence of dental caries. Emphasis should be placed on dental caries prevention from early life.
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The oral microbiome is a complex community of microorganisms residing in the oral cavity interacting with each other and with the host in a state of equilibrium. Disruptions in this balance can result in both oral and systemic conditions. Historically, studying the oral microbiome faced limitations due to culture-dependent techniques that could not capture the complexity and diversity of the microbial community. The emergence of advanced genomic technologies and the ease of sample collection from the oral cavity has revolutionized the understanding of the oral microbiome, providing valuable insights into the bacterial community in both health and disease. This review explores the oral microbiome in children, discussing its formation and dynamics in both states of health and disease, its role in various conditions such as dental caries, periodontal disease, oral cancer, cleft lip and palate, and explores its connection to several systemic consequences.
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Introduction and background

First introduced by Joshua Lederberg, the human microbiome represents an ecosystem of microorganisms that inhabit the human body and interact with each other in a symbiotic way (1). The current microbiome reflects millions of years of coevolution between humans and microorganisms. Over time, both have mutually adapted to each other, and the microbiome now plays an essential role in our health and disease (2). To research host-microbe interactions, traditional microbial ecology methods have relied on culture-dependent methodologies which led to a limited perspective of microbiota (3). These methods rely on cultivating microorganisms in laboratory settings, enabling in-depth analysis of their biochemical and physiological traits, such as metabolic functions and resistance to antibiotics. While these methods have been fundamental in microbiology, they face notable limitations, particularly in detecting anaerobic microbes that cannot easily grow in standard lab environments. Research indicates that traditional culturing techniques can overlook a large portion of the oral microbiome, with estimates suggesting that more than 50% of oral bacteria are “unculturable” using conventional approaches (4). Molecular technologies, such as next-generation sequencing, enabled comprehensive investigation of the microbes in the different body habitat, including those that cannot be cultured in a laboratory. This approach has led to a revolution in understanding microbial communities, allowing researchers to explore the composition, diversity, and interactions of these communities in their natural habitat (3). However, these techniques also have limitations, including higher costs, the need for advanced bioinformatics expertise, and the inability to directly measure microbial viability or activity as culture-based studies do (5).

The oral cavity represents the second most diverse microbial community in the human body after the gut, harbouring over 700 different types of bacteria (6). These bacteria inhabit various locations in the mouth, including the teeth, tongue, periodontal structures, and cheeks; all are interconnected by saliva (7). The human oral microbiome was reported to be influenced by different factors from maternal and environmental sources. The interactions occurring between the microbiome and the human host during early life are accountable for shaping innate and acquired immune functions, as well as physiological development, which in turn have implications for future health outcomes (8).

Most of the literature on the oral microbiome focuses on adults, detailing both its composition in healthy individuals and its alterations in various pathological conditions, in contrast, the studies exploring the microbiome of children is relatively sparse, with a predominant focus on dental caries (9). This review aims to highlight the current state of knowledge regarding the microbiome of children in both health and disease, state gaps in current understanding, and propose future research directions.



Materials and methods

A literature search was conducted across several electronic databases, including PubMed/MEDLINE, Scopus, the COCHRANE library and Web of Science. The search was performed using a combination of relevant keywords and MeSH terms such as “oral microbiome”, “oral microbiota”, “oral bacteria”, “children”, “pediatric oral health”, “dental caries”, “periodontal disease”, “Molar-Incisor Hypomineralization”, “oral cancer”, “cleft lip and palate”, “systemic disease”, “diseases”. Only articles published between January 1990 and January 2024 in English have been included.

The search obtained 345,163 results, after the screening of the titles and abstracts, non-topic entries were excluded. References were exported and managed using EndNote 20.

Due to the extensive number of articles included and the diverse methods and outcomes among the identified studies, it was not feasible to present the findings as a systematic review or meta-analysis. As a result, a narrative review was carried out.



Acquisition and establishment of the oral microbiome

A pregnant woman's oral health and oral microbiome can have a direct impact on her pregnancy and her developing baby. Additionally, it is proposed that the immune system of the fetus develops a prenatal tolerance to the maternal microbiome considering it safe during postnatal exposure to and potentially contributing to the successful development of a balanced microbiome (10). Once a healthy microbiome is established, it must constantly adapt to changes in the oral environment, including changes in temperature, pH, forces of brushing and mastication, and the presence of different types of food and oral hygiene products (10).

At birth, infants encounter their mother's microbiome via vertical transmission. Vaginally born babies are exposed to their mother's vaginal and rectal microbes, while caesarean section babies are exposed to their mother's skin and hospital environment microbes (11, 12). This difference in exposure can have a significant impact on the development of the baby's microbiome. At the age of 3 months, vaginally born infants exhibit higher diversity of the microbiome at the taxonomic level (13). A study comparing maternal factors in the acquisition of Streptococcus mutans in infants revealed that infants born with caesarean section acquired S. mutans almost 12 months earlier compared to vaginally born infants (14). Diet is also reported as a factor affecting the microbiome, breast-fed infants possess oral Lactobacillus spp. that are absent in formula-fed infants at 3 months of age both in vivo and in vitro (15, 16). It has been proposed that microorganisms are obtained during a specific period during which colonization of certain bacteria occurs, known as “window of infectivity”. In the case of S. mutans, its colonization occurs between 19 and 31 months of age (17). An additional suggested “window”, occurring between the ages of 6 and 12 years, aligns with the emergence of permanent dentition (18).

In addition to vertical transmission, the oral microbiome can also be shared among individuals living in the same environment, such as siblings, this is termed horizontal transmission which contributes to the diversity of the oral microbiome (19, 20). This transmission may occur due to shared use of toys, foods, or utensils, potentially influenced by hygiene practices and awareness in these environments (21).



Microbial diversity in the healthy oral cavity

Analysis of the composition of the healthy oral microbiome in infants, children, and adolescents based on 16S rRNA gene sequencing techniques using plaque and saliva samples found that Proteobacteria, Fusobacterium, Actynobacteria, Bacteroidetes, Firmicutes, Synergistetes, Tenericutes, Capnocytophaga, Neisseria, Sreptococcus, Kingella, Leptotrichia. Burkholderia, and Strenotrophomas Enterobacteriaceae are dominant genera with a high level of abundance at 12–24 months old. On the other hand, Firmicutes, Proteobacteria, Actinobacillus, Bacteroidetes, Fusobacterium, Streptococcus, Prevotella, Veillonella, Neisseria, Rothya, and Haemophilus are predominant genera in children (9).

In a cohort of 1-year old infants with a healthy oral cavity, a notable difference in the oral microbial composition was identified between children who maintained a caries-free status and those who developed cavitated caries. The relative abundance of Prevotella nanceiensis, Leptotrichia sp. HMT 215, Prevotella melaninogenica, and Campylobacter concisus was found to be significantly higher in the group of children who remained caries-free. This observation suggests a potential association between the prevalence of these specific microbial species and a reduced likelihood of developing cavitated caries in the studied population (22).

A multicenter longitudinal study exploring the establishment of a healthy oral microbiome in caries-free children aged 1–4 years, based on a sample of 119 individuals, the microbial composition in saliva and plaque experienced significant alterations from the age of 1–2.5 years, followed by more subtle microbial changes up to the age of 4 years. The study identified a general increase in microbial diversity as age increased, with limited number of taxa, including various species of the Streptococcus and Gemella genera, were consistently present in all samples across different time points in children. The study concluded that the oral ecosystem of caries-free children is characterized by significant heterogeneity and dynamic changes (23). By adolescence, puberty brings significant hormonal changes that influence the oral microbiome. Increased levels of sex hormones (e.g., estrogen, progesterone) create an environment conducive to the growth of Porphyromonas spp. and Prevotella spp. associated with gingival inflammation and periodontitis (24) (Table 1).


TABLE 1 Comparative summary of microbiome dynamics across different Age groups.

[image: A table displays microbial communities, influences, and health implications across age groups. For infants: Streptococcus salivarius and Lactobacillus spp.; influenced by delivery mode and breastfeeding; early beneficial microbes. Toddlers: S. mutans, Gamella spp., Fusobacterium spp.; influenced by teething and diet; risk of caries, increased diversity. Adolescents: P. gingivalis, Prevotella spp., A. actinomycetemcomitans; influenced by hormonal changes and diet; risk of gingivitis and caries.]

Studies have also compared the oral microbiome between primary and permanent dentition, particularly focusing on the transitional period of mixed dentition. During this stage, significant differences in microbial composition are observed between primary and permanent teeth within the same oral cavity. One study found that permanent molars tend to have a distinct microbial profile compared to primary teeth, with variations in the abundance of specific bacterial genera including Fusobacteria and Bacteroidetes. These differences are influenced by the physicochemical and developmental changes in the oral environment during the eruption of permanent teeth, such as oxygen levels (25). Another study revealed that the transition from primary to permanent dentition is accompanied by increased microbial diversity. As it leads to the colonization of additional microbial species from genera such as Streptococcus, Gemella, Granulicatella, and Veillonella. As well as expanded functional capacities within the oral microbiome. These changes reflect the oral microbiome's adaptation to new niches created by the eruption of permanent teeth (26).



Microbiome of children with dental caries

Dental caries is a complex disease caused by the interaction of four main factors, the susceptible host, the microbiome, the substrate, and the element of time (27). It is important to highlight that S. mutans, the extensively researched species linked to caries, comprises merely <1% of the overall bacterial community (28). As a result, identifying the microorganisms causing dental caries has been a significant focus of research for decades, and developments in the field of oral microbiome identification and analysis techniques have resulted in changes in the documented composition and characteristics of oral microbiota (29). Caries can develop in the absence of Streptococcus and Lactobacillus species, in addition, the S. mutans count has been found to be low even when caries is present, suggesting that other species may be responsible for caries development and progression (30). Besides S. mutans, various other species associated with caries were reported in the literature, including but not limited to species such as Veillonella dispar, Prevotella spp., Lactobacillus spp., Leptotrichia spp., Actinomyces spp., Neisseria spp., Porphyromonas spp., Treponema spp., and Streptococcus sobrinus (31–41).

When comparing microbial composition, the unstimulated saliva of children affected by severe early childhood caries with that of caries-free children, saliva of caries-free individuals showed elevated quantities of Capnocytophaga and Leptotrichia while levels of Porphyromonas and Neisseria were lower at genus level (34).



Microbiome of children with molar incisor hypomineralization (MIH)

As alterations in the microbiome can contribute to oral disease, certain conditions can, in turn, induce changes in the microbiome, thereby influencing the oral health. MIH is one of those unique conditions in which microbiome is altered and caries progress faster in the affected teeth compared to none-affected teeth (42). Molar-incisor hypomineralization (MIH) is defined as a developmental enamel defect that affects at least one permanent first molar. Affected anterior teeth might also be observed (43). Caries can easily develop in the affected teeth due to their porous nature, and this problem is exacerbated by the fact that children avoid cleaning their sensitive teeth, resulting in greater food and biofilm stagnation (43). The study by Hernández et al. observed more bacterial diversity, higher count of bacterial niches, and predominance of proteolytic bacterial genera such as Catonella, Fusobacterium, Campylobacter, Tannerella, Centipeda, Streptobacillus, and Alloprevotella in teeth affected with MIH, suggesting the presence of a unique microbiome related to MIH (42).



Microbiome of children with periodontal disease

The term “periodontal diseases” encompasses both inherited and acquired disorders affecting the tissues that surround and support the teeth, including the gingiva, cementum, periodontal ligament (PDL), and alveolar bone (44). The evidence suggests that the development of periodontal diseases is associated with an increase in the quantities of Gram-negative bacteria and anaerobes in subgingival plaque (45, 46). Gingivitis is very common in children and adolescents (47, 48) and can progress to more severe forms of periodontal disease, such as periodontitis, involving the loss of connective tissue and bone around the teeth (12, 49–51). A systematic reviews on the relationship between maternal periodontitis and adverse pregnancy outcomes concluded that mothers with periodontal disease face a higher risk of preterm birth, delivering a low-birth-weight baby, and developing preeclampsia (52). It is suggested that periodontal pathogens or their by-products, such as endotoxins, reach the placenta and the fetus (53).

Several studies have investigated the microbiome of periodontal disease in children. The main evidence related to a particular microbial cause of periodontitis in children is derived from research on a distinct clinical periodontal syndrome that impacts adolescents exhibiting a pattern of lesions distributed around molars and incisors, known as localized juvenile periodontitis (LJP). In LJP, A. actinomycetemcomitans, Capnocytophaga sp., Eikenella corrodens, Prevotella intermedia, and motile anaerobic rods, such as Campylobacter rectus are the most detected organisms (54). A. actinomycetemcomitans, Capnocytophaga sp., and P. intermedia have been commonly identified as well in the subgingival microbiota of periodontitis in the primary dentition in children (55–60). A recent study found that schoolchildren with early-onset periodontitis had a higher abundance of certain bacteria, such as Campylobacter species, Prevotella intermedia, and Fusobacterium nucleatum, Porphyromonas gingivalis, Treponema denticola, and Tannerella forsythia (61).



Microbiome of children with oral cancer

A developing concept in the field of cancer biology suggests that the microbiome serves as a significant environmental factor that influences the process of oncogenesis. There is a growing body of evidence indicating a connection between alterations in the human microbiome and specific types of cancer (62–65). Specific oral taxa, such as Porphyromonas gingivalis and Fusobacterium nucleatum, possess carcinogenic characteristics, including the inhibition of apoptosis, stimulation of cellular proliferation, initiation of chronic inflammation, facilitation of cellular invasion, and the generation of carcinogenic substances (66). Both of the aforementioned taxa have the capacity to release endotoxins, specifically lipopolysaccharides, which, in turn, can trigger the production of cytokines associated with inflammation, which is a primary factor in bacteria-induced inflammation and serves as a contributing factor to the process of carcinogenesis as well (67–69). A novel study investigated the oral microbiome of children diagnosed with solid tumors, analyzing diversity, composition, and gene profiles using saliva samples. Children with tumors exhibited a reduction in oral microbiome diversity compared to the healthy controls, with genera such as Veillonellaceae, Firmicutes unclassified, Coriobacteriia, Atopobiaceae, Negativicutes significantly enriched among them. This study suggests that oral microbiome could function as a non-invasive diagnostic tool for patients with pediatric solid tumors (70).

Each year, a significant number of newly diagnosed cancer cases are reported, with oral cancers exhibiting a particularly high prevalence among them, specifically oral squamous cell carcinoma (OSCC) (71). While OSCC is very rare in children, studies primarily focused on the adult population have shown variations in the microbiome between a healthy oral cavity and OSCC. Although the specific pathogenic bacteria or bacterial spectrum linked to OSCC has not been determined (72), elevated concentrations of Peptostreptococcus spp., Fusobacterium spp., Prevotella melaninogenica, Porphyromonas spp., Veillonella parvula, Haemophilus spp., Rothia spp., and Streptococcus spp. have been identified in samples of OSCC (73–77).



Oral microbiota and systemic diseases

The theory suggesting a connection between oral microbiome and systemic diseases revolves around the potential consequences of bacteremia, which denotes the presence of bacteria in the bloodstream, dental procedures as well as routine practices such as eating, chewing, or brushing can trigger bacteremia (78). Usually the immune system promptly manages and eliminates microorganisms from the systemic circulation, however, in specific cases, particularly in individuals with compromised immune systems, oral organisms may persist without elimination, colonizing certain distant sites and increasing the likelihood of systemic disease development (79). It was also found that certain systemic bacteria can reside in specific oral locations, such as: Hemophilus influenzae, Pseudomonas aeruginosa, and Trophyrema whipplei have been identified in the gingival sulcus (79). Conversely, oral bacteria such as Porphyromonas gingivalis, Treponema denticola, and Campylobacter rectus have also been detected in systemic sites, including atheroma plaques, valvular vegetations, joint cavities, and the pancreas (79). Moreover, it is not just bacteria that can enter the bloodstream; their bacterial byproducts and endotoxins can also be discharged into the systemic circulation. This has the potential to initiate inflammatory reactions in particular locations, thereby heightening the risk of developing systemic diseases (80). On the other hand, systemic diseases can significantly influence the composition and dynamics of the oral microbiota, this is attributed to the high level of inflammation associated with these conditions affects the oral microbiota, leading to significant alterations (81).

Many studies have been conducted to examine the oral microbiome of children with systemic diseases. Francavilla et al. studied the salivary microbiome and metabolome in 13 children with celiac disease (CD) following gluten-free diets (T-CD) and their healthy counterparts (HC). The findings indicate an association between celiac disease and dysbiosis in the oral microbiota, potentially influencing the oral metabolome. Those with T-CD exhibited a less diverse salivary microbiome, with increased abundance of Rothia spp., Porphyromonas endodontalis, Gemella spp., Prevotella nanceiensis, S. sanguinis, and Lachnospiraceae spp. compared to their healthy counterparts. Furthermore, children with T-CD showed a reduced abundance of Actinomyces species, Atopobium species, and Corynebacterium durum (82). This is attributed to the fact that patients with CD typically exhibit lower levels of amylase and secretory IgA and IgM in their saliva (83, 84). Additionally, their saliva tends to have reduced buffering capacity, lower salivary flow rates, and lower concentrations of calcium, as well as decreased calcium/ phosphate ratios (85, 86).

Recent studies have revealed a link between neuropsychiatric disorders (NPD), such as autism spectrum disorder (ASD) and the gut microbiota, which can interact with and impact the brain via the Gut-Brain Axis (GBA). Similarly, there is an emerging concept of oral-microbiota-brain axis (OMBA). Research on the oral microbiome and its relationship with the brain indicates that microbes in the mouth may also play a role in influencing NPD outcomes (87). Oral microbiota can enter the brain through the cardiovascular system, where they are believed to directly contribute to the disruption of essential neurological functions and the deterioration of brain tissue due to the buildup of virulent byproducts (88). P. gingivalis is known to enter the bloodstream and reach the brain, where it establishes colonies and secretes neurotoxic proteases known as gingipains. These gingipains play a role in disrupting the processing of the transmembrane protein Amyloid Precursor Protein (APP), which is crucial for maintaining synaptic stability, as well as for promoting neuronal growth and protection (88).

Hicks et al. studied the oral microbiome alterations in children with ASD, they detected alterations in the salivary microbiome among children in the age range of 2–6 years, categorized into three developmental profiles: autism spectrum disorder (ASD; n = 180), nonautistic developmental delay (DD; n = 60), and typically developing (TD; n = 106) children (89). In the comparison of taxa between children with ASD and TD children, there was an increased abundance of two species in ASD children: Limnohabitans sp. 63ED37-2 and Planctomycetales (89). The findings of the study suggest that disturbances in the gut microbiome observed in ASD may also extend to the oropharynx. Subsequently, the regular evaluation of children's oral microbiome could potentially be developed as a non-invasive and sensitive tool for diagnosing ASD and monitoring its progression (89).

Several studies have confirmed a relationship between diabetes mellitus (DM) and periodontitis in adults, as DM induces changes in connective tissue metabolism, leading to a decreased ability to resolve inflammation and undergo remodeling, which, in turn, exacerbates periodontal damage (90). However, studies in children are still limited. A cohort study conducted in 2021 analyzed the salivary microbiome of 37 children aged 5–15 years diagnosed with type 1 DM, in children with type 1 DM, Streptococcus genus was found to be more prevalent. In addition, 22 taxa at the genus level and 33 taxa at the species level were absent in the control group, whereas the control group showed 6 taxa at the genus level and 9 taxa at the species level that were not present in the diabetes group (91). A cross-sectional study conducted in the same year evaluated the composition and abundance of bacterial microbiota in the oral swabs of children aged 10–18 years diagnosed with type 1 DM (well controlled and poorly controlled), compared with those of healthy children. The group of children with well controlled DM exhibited a notably elevated count of bacteria belonging to the Streptococcus genus compared to healthy children. The presence of Streptococcus mitis was notably higher in the group of children diagnosed with type 1 DM compared to their healthy counterparts, which is considered one of the primary colonizers of the pellicle (92). A recent study assessed the relationship between the composition of oral bacteria in saliva samples, oral hygiene practices, and glycemic control in a group of children with a mean age of 12.6 years diagnosed with type 1 DM. A high abundance of bacteria related to dental caries and periodontal disease, specifically, Actinomyces spp., Aggregatibacter actinomycetemcomitans, Prevotella intermedia, and Lactobacillus spp. were identified in all subjects. S. mutans was detected in approximately half of the samples, particularly among patients exhibiting poor glycemic control. Positive oral hygiene behaviors, such as regular toothbrush replacement and professional dental cleanings, were inversely correlated with the concurrent presence of Tannerella forsythia, Treponema denticola, and Porphyromonas gingivalis bacteria associated with periodontal disease (93). In children with DM, the formation of advanced glycation end products (AGEs), which occurs through a non-enzymatic reaction between sugars and proteins, lipids, or nucleic acids, is accelerated as a result of chronic hyperglycemia (91). AGEs disrupt the normal function of nearly all body organs including the oral cavity by triggering apoptosis, inflammation, protein dysfunction, mitochondrial impairment, and oxidative stress (94). It was also found that the periodontal pathogen Tannerella forsythia produces methylglyoxal (a precursor of AGEs) in gingival tissues, this finding suggests bidirectional relationship between periodontal disease and poor glycemic control (95).



Microbiome of children with cleft lip and palate

Cleft lip and/or palate (CLP) is one of the conditions that has a significant influence on the composition of the oral microbiome. It is the most prevalent congenital craniofacial defect impacting the structure and function of the oral cavity and causing alterations in facial features (96–99). Children born with CLP may experience significant functional challenges related to routine activities such as sucking, swallowing, chewing, speaking, breathing, and social integration. Consequently, they necessitate extensive and prolonged rehabilitation starting from infancy and extending throughout adulthood (100–102).

A systematic review by Świtała et al. examined the current scientific literature on the oral microbiome in children with CLP, the review encompassed twelve studies investigating the microbiological status of individuals with CLP in comparison to non-cleft individuals (103). The overall findings revealed a higher incidence of caries in children with CLP compared to those without, associated with higher levels of S. mutans and/or Lactobacillus spp. (102, 104–111). Most of the studies suggested that this is attributed to various factors affecting the oral hygiene of those children, including, and not limited to: anxiety related to tooth brushing in the cleft area, lack of motivation, existence of malocclusion and structural irregularities, anomalies in tooth count, shape, and position, and prolonged presence of orthodontic appliances (103). The results of the studies presented in this review are shown in a summary table (Table 2).


TABLE 2 Summary of findings from studies on the oral microbiome of children in health and disease.
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Ethical considerations in pediatric oral microbiome research

When addressing ethical considerations in pediatric oral microbiome research, several factors must be considered: First, informed consent and assent, which is typically obtained from parents or legal guardians, as children are generally not legally capable of providing full consent. However, ethical standards recommend also seeking assent from the child, depending on their age and cognitive development. This approach involves explaining the research in a way that is understandable for the child, ensuring they comprehend the study, and respecting their decision to participate or decline (112, 113). Second, sample collection, which is usually non-invasive (e.g., saliva, swabs) and cause minimal discomfort. Researchers should also ensure the child's understanding and comfort with the procedures. Any invasive methods must be justified by clear benefits outweighing the risks and discomfort (113). Third, privacy and data protection, which is a key concern, particularly when managing genetic or sensitive health data. Adherence to data protection laws, such as the General Data Protection Regulation (GDPR) in Europe and the Health Insurance Portability and Accountability Act (HIPAA) in the U.S., is essential. Researchers must ensure that personal data is anonymized and securely stored to protect children's privacy during and after the research (113).



Conclusion

After years of investigation, researchers have progressively unveiled a novel understanding of the microbiome's involvement in both health and disease. It is now established that there is a bidirectional relationship between the host and its microbiome, as the microbiome can influence nearly every aspect of the host, and disturbances in its balance are linked to a broad spectrum of diseases, certain conditions can prompt alterations in the microbiome, consequently impacting oral health. Advanced research technologies facilitate the close examination of how the microbiome contributes to human health and participates in the development of diseases. However, the predominant focus of microbiome studies has been on the bacterial component, leaving the roles of fungi, viruses, and other microbes uncertain. Moreover, although dysbiosis of the microbiome is frequently observed in disease states, establishing the causative role of the microbiota remains an ongoing challenge. Consequently, numerous questions persist in this field, awaiting further exploration and clarification.

The future application of the oral microbiome for enhancing human health will rely on additional validation of microbial biomarkers specific to diseases. These markers need to be integrated into diagnostic and preventive programs that are not only sensitive and specific but also provide rapid results and are cost-effective for widespread implementation. When combined with human genomics, proteomics, transcriptomics, metabolomics, and utilization of artificial intelligence, the oral microbiome of children has the potential to play a central role in the advancement of precision medicine, facilitating the development of personalized preventive dental programs in the future.
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Objectives: This study aims to examine kindergarten teachers’ satisfaction and their perceived impact of an oral health education (OHE) training program.



Methods: This study followed the steps outlined in the Program Evaluation Standards in Public Health recommended by the Centers for Disease Control and Prevention. All kindergarten teachers in Hong Kong were invited to attend the OHE training. The training comprised a lecture and a group discussion among six to eight teachers facilitated by trained dentists. The participating teachers were invited to complete an online questionnaire after the training. The questionnaire consisted of seven questions: six close-ended questions to evaluate teachers’ satisfaction with the training, their perceived oral-health-related knowledge, and their perceived competence in delivering OHE, and one open-ended question to collect their comments and suggestions for enhancing the OHE training.



Results: A total of 6,210 teachers joined the OHE training and 4,882 teachers completed the questionnaires (response rate: 79%). The survey found that 4,691 (96%) teachers were satisfied with the training, and the same number agreed that the OHE training was essential for delivering OHE. In addition, 4,680 (96%) teachers found the lecture informative and 4,393 (90%) teachers rated the group discussion as useful. After the OHE training, 4,716 (96%) teachers reported that they were more knowledgeable in recognizing childhood oral diseases and 4,665 (96%) teachers believed they were more skillful in delivering OHE. Regarding comments and suggestions, teachers opined that the OHE was informative and comprehensive. They suggested developing videos and hands-on workshops for the OHE training and expressed a desire to learn more about the dental treatment of common dental diseases. They also recommended providing teaching aids, such as booklets and tooth models, for use in kindergartens.



Conclusion: The kindergarten teachers generally had a better understanding of childhood oral conditions after the OHE training. They were generally satisfied with the training and became more confident in delivering OHE to kindergarten children.
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1 Introduction

Dental caries or early childhood caries (ECC) is a childhood common chronic infectious disease (1). The disease of early childhood caries is defined as one or more decayed, missing (resulting from caries), or filled teeth in primary dentition in children aged up to 71 months (2, 3). ECC remains prevalent worldwide, with over 573 million children experiencing dental caries (4). In Hong Kong, over 50% of 5-year-old children experience tooth decay or ECC, with more than 90% of their carious lesions remaining untreated (5). The impact of untreated caries in early childhood is not just pain and infection but more immediate and long-term consequences (6). ECC is a health burden to the family and society, including higher risk of acute and chronic pain, hospitalizations and emergency room visits, delays in growth and development, and diminished quality of life, all of which are costly for society, government, and family (7, 8). Given the high prevalence of untreated ECC reported in Hong Kong and globally, there is an urgent need to prevent this disease (9).

Over the years, several preventive programs have been implemented by the Hong Kong Government to reduce dental caries in children. The School Dental Care Service was launched in the 1980s to provide regular check-ups and treatments for primary school students (10). However, preschool children are not eligible to join this service. Oral health education (OHE) programs, such as Brighter Smiles Play Land, are offered to preschool children by the Oral Health Education Division under the Department of Health. Nevertheless, no preventive or curative treatment is available for preschool children from these programs (11). To date, there is no primary oral health program targeting ECC at the government level. To improve the ECC situation, a comprehensive oral health program called Children Oral Health Program was launched by The University of Hong Kong to provide dental care services to all preschool children in Hong Kong (approximately 160,000 children). This program was funded by a charity organization to provide dental services from 2019 to 2022 initially, and then received extra funding to provide services from 2023 to 2026.

The program offers a comprehensive range of services, including on-site dental check-ups and silver diamine fluoride treatment, individual consultation and oral health education for parents, and oral health education training for teachers. The World Health Organization (WHO) suggests that engaging different stakeholders, including teachers and parents, is of vital importance to manage ECC (12). The online OHE training for teachers in this program consisted of a 90-min lecture followed by a 60-min small group discussion modulated by four trained dentists. Between 2019 and 2022, a total of 68 training sessions were conducted fortnightly, excluding public holidays. The lecture content covered essential topics, including oral health status among preschool children, etiology and risk factors of dental caries, prevention and treatment options for dental caries, other common oral health problems and treatments, and the teacher's role and teaching technique suggestions. In small group discussions, the dentists demonstrated tooth-brushing and flossing techniques, examined the acidity of common beverages, answered questions, and invited teachers to share their experiences and difficulties in providing OHE in preschools. The teachers were encouraged to practice tooth brushing and flossing as well as testing common beverage acidity by themselves. The details about the training curriculum can be found in Supplementary File 1. All kindergarten teachers in Hong Kong were invited to attend this optional training. The aim of the OHE training is to empower teachers with knowledge to recognize childhood oral diseases, enhance their skills in delivering oral health education, and ultimately improve children's oral health.

Numerous studies have reported that the prevalence of ECC is significantly related to socioeconomic factors as well as behavioral factors, such as oral hygiene and dietary practices (13, 14). Teachers are one of the key individuals in reinforcing the oral health message and promoting oral-health-related habits to children. Preschool teachers, namely, early childhood educators, are pivotal in shaping the development paths of young children (15, 16). There are strong, responsive relationships between child and caregiver, including early childhood educators, in facilitating children's communication and health behavior development (17, 18). Teachers contribute to children's educational development and influence their wellbeing with daily routines, including essential oral hygiene habits. They interact with children frequently and act as primary influencers of children's daily behaviors (19). Moreover, they usually act as the primary contact point for parents regarding their child's development and needs, and as an influencer to both child and family health-related practices (20, 21). Equipping them with proper training in oral health has substantial potential in enhancing their ability in promoting good oral hygiene habits among children (18).

It is important to understand the impact of OHE training on kindergarten teachers. We can identify gaps to enhance the training and provide evidence-based updates for the dental professionals and policymakers to plan long-term policy and formulate a comprehensive health promotion strategy. Our experience can be contributed to other school-based health programs worldwide. This study aims to examine kindergarten teachers’ satisfaction with the OHE training and their perceived impact of the training. In addition, the study also collected their comments and suggestions toward the OHE training.



2 Materials and methods


2.1 Ethical consideration and study design

This study obtained ethical approval from the Institutional Review Board of the University of Hong Kong Hospital Authority Hong Kong west cluster (UW 19-660). The study collected anonymous responses for confidentiality. Participants were fully informed about the purpose of the study, the nature of their involvement, and the data handling procedures. They could withdraw from the survey at any time. This study is a program evaluation guided by the Program Evaluation in Public Health framework from the Centers for Disease Control and Prevention (CDC), consisting of six interconnected, non-linear steps including (1) engaging stakeholders, (2) describing the program, (3) focusing the design, (4) gathering credible evidence, (5) justifying conclusions, and (6) ensuring use and sharing lessons learned (22) (Figure 1).


[image: Circular diagram illustrating six interconnected steps: engaging stakeholders, describing program, focusing the design, gathering credible evidence, justifying conclusions, and ensuring use and sharing lessons learned. Each step is color-coded and forms a continuous cycle.]
FIGURE 1
CDC framework for program evaluation in public health.




2.2 Participants

This territory-wide children's oral health program aimed to cover all kindergartens in Hong Kong. At the initial stage (2019–2022), over 70% of kindergartens participated. All teachers at the participating kindergartens were invited to join the training, which was organized as part of their continuous education and held at the kindergartens.



2.3 Data collection and method

The questionnaire included close-ended and open-ended questions. The online questionnaire was distributed after the training and data were collected between January 2020 and December 2022. The questionnaire was written in Chinese and English (the Chinese version shall prevail) to gather information regarding participants’ satisfaction toward the training, perceived oral-health-related knowledge, and competence in delivering OHE, as well as their comments and suggestions to enhance the training. The closed-end questions used a 5-point Likert scale, a commonly used psychometric tool, ranging from 1 (strongly agree) to 5 (strongly disagree). An open-ended question was designed to capture participants’ insights into the OHE training (Table 1). Participants were encouraged to review their responses for completeness and accuracy before submission to eliminate the possibility of missing, unclear, or inappropriate responses, ensuring the integrity of the data collected.


TABLE 1 The themes and questions in the evaluation questionnaire.

[image: Table displaying survey questions for teacher training evaluation. It is divided into two sections: close-ended questions and an open-ended question. The themes and questions cover teacher training essentiality, lecture informativeness, group discussion usefulness, knowledge enhancement, skills enhancement for delivering oral health education, general satisfaction, and perspectives or suggestions for the training.]



2.4 Data analysis

The quantitative data from close-ended questions was analyzed using SPSS version 28 (IBM Corp., Armonk, NY, USA). Descriptive statistics were employed to report the data. Qualitative contents from open-ended question were manually coded and analyzed following the thematic analysis process proposed by Virginia Braun and Victoria Clarke (23).




3 Results

This study had 6,210 kindergarten teachers participating in the training between 2019 and 2022. Of them, 4,882 completed the survey (response rate 78.6%). The findings are summarized below and presented in Table 2 and Figure 2.


TABLE 2 Teachers’ satisfaction and enhancement in their knowledge and skills after training (N = 4,882).

[image: Table with six questions evaluating teacher training effectiveness, with response options: Strongly agree, Agree, Neutral, Disagree, and Strongly disagree. The first question shows 40.3% strongly agree and 55.8% agree. Subsequent questions follow similar patterns with varying percentages.]


[image: Flowchart with two main categories: "Comments" and "Suggestions." Comments include positive feedback about the training being comprehensive, informative, professional, and well-received by participants. Suggestions propose incorporating real cases, videos, hands-on activities, focusing on children's oral diseases, providing learning materials and teaching aids, offering more information on dental disease treatment, and supporting the continuation of training.]
FIGURE 2
Thematic framework of teachers’ perspectives and suggestions on teacher training.



3.1 Teacher satisfaction

The results indicated that 96.1% of participants agreed or strongly agreed that the overall training was essential, 95.9% agreed or strongly agreed that the lecture was informative, and 90% agreed or strongly agreed that the group discussions were useful. The overall satisfaction of the teacher training was 96.1%.



3.2 Knowledge and skill enhancement

The results demonstrated that 96.6% of participants reported they were more knowledgeable in recognizing childhood oral diseases after the training and 95.6% indicated they were more skillful in delivering oral health education to children after the training.



3.3 Comments about the training

Participants commented that the training was comprehensive. The training effectively provided valuable information regarding children's oral health, furnishing their insights into the importance of oral health.


“Training information is comprehensive.”




“The content is rich, letting us know the precautions for oral development and the steps, methods and importance of dental care.”



The participants widely perceived the training as informative. They reported that the training had enriched their knowledge and understanding relevant to children’s oral health. Some participants commented that the training allowed them to gain more practical insights and knowledge of the precautions about daily beverages.


“The information provided was relevant and practical, greatly enriched the teachers’ knowledge.”




“I think this training can effectively help me understand the oral problems of young children.”




“The drinks test allows everyone to understand the pH of drinks we have daily and their influence, so that we will not choose the wrong drink.”



Participants appreciated the training team. They commented that the lecturer and staff were professional and able to answer different questions immediately.


“Thank you, the team to prepare the training, the arrangement is smooth and everyone can ask question immediately”




“Appreciation to the dentist and staffs in training. They have the passion on helping children improve oral health”




“The staffs can answer my questions professionally.”



The participants expressed a positive attitude toward the teacher training. They stated that the training provided positive engagement and interaction.


“Very good. Paying attention to the importance of dental cleansing for child.”




“Appreciation to the training. The training can increase our awareness of oral health care”





3.4 Suggestions for the training

Some participants suggested incorporating real-life cases or videos to provide more in-depth insights into dental treatments and their relevance to children's oral health.


“Better to share some real special cases.”




“Should provide videos with more in-depth treatment process about the tooth decay.”




“Share more cases from previous check-ups as examples.”




“Providing simulation videos to illustrate the progression of tooth decay and the repair process would be useful.”



Some participants suggested incorporating hands-on activities to enhance engagement and deepen their understanding of oral health topics. They emphasized the value of interactive learning experiences in training sessions.


“I appreciate experimental activities in training; these kinds of activities make me more memorable in what I learn.”




“Some interesting workshop activities or small experimental games can be held to enhance our understanding of oral health.”




“Do some hands-on activities with teachers.”



Participants advised the training should focus on preschool children and reduce the knowledge about adults. They also suggested more information should be added, including toothpaste and toothbrush selection as well as referral channels.


“Can reduce the adult part and focus on children.”




“Can only describe the dental situation of children aged 3 to 6 years old, omitting dental implants, dentures, etc.”




“Can provide more explanations on treatment or referral channels”




“Please recommend some toothpaste and toothbrushes suitable for children”



Participants mentioned the importance of accessibility to dental knowledge resources after the training. They would like to have convenient access to the lecture's PowerPoint, notes, and reading materials.


“It would be ideal if, after completing the training, a PowerPoint would be distributed via schools’ emails.”




“It would be better to provide notes, as the handwriting is slow.”




“It would be better if there were reading materials for teachers to archive and review the information”



Participants emphasized the necessity of providing educational resources. They believed these resources would help them engage students and deliver knowledge better. Some participants suggested providing booklets to enhance their understanding of oral health. They emphasized well-designed educational materials in promoting good dental practices.


“Better provide the teaching material to kindergarten.”




“Send us tooth model, so we can remind everyone of the common mistakes on brushing and flossing.”




“It would be good to send us tooth models to demonstrate the children on how to brush and floss your teeth.”




“It would be helpful to provide booklets for us and the children that highlight key points on how to keep teeth healthy.”




“Offering booklets or leaflets with storytelling and cartoons would make the information more engaging and memorable.”



Participants suggested that the training could provide more explanations regarding tooth replacement and the abnormalities of dental development. Furthermore, they recommended that the training could provide more in-depth information that addresses both the effects of unresolved serious dental problems and the management of dental emergencies.


“In addition to talking about tooth decay issues, I hope there will be an explanation about the tooth replacement. For example, is it normal for the teeth to become sparse before the replacement?”




“More in-depth information should be provided about the effects of unresolved serious dental problems.”




“It would be helpful to have information on the signs or symptoms that indicate a child may have an oral disease.”




“Tell us more about how to handle accidents like teeth trauma, would be very useful!”



Participants have expressed their willingness at continuous training. They suggested regular and annual training may improve teachers’ overall knowledge as there are many new teachers every year.


“The training should conduct regularly to teach the new kindergarten teachers every year.”




“Should keep holding the teacher training.”






4 Discussion

This is the first study to evaluate a program-based OHE training for kindergarten teachers in Hong Kong. This territory-wide school-based outreach oral health program is the first of its kind, an eye-catching program benefiting over 100,000 preschool children. Teacher training is an essential part of this program because effective collaboration and engagement with different stakeholders are crucial to the success of oral health promotion (20). The results of this study showed that the OHE training demonstrated a high level of engagement and satisfaction among participants. The training was essential for their teaching in kindergartens and participating teachers generally valued the training and its benefits. They reported that the training helps equip them with more knowledge to recognize children’s oral diseases and to deliver oral health education to children. The training met teachers’ expectations and was recommended to continue in the long term. Moreover, participants raised comments and suggested different key elements that may also act as references for other health programs. They commented that the training is comprehensive and informative, significantly enhancing their knowledge about children's oral health. They appreciated that the rich content covered essential precautions for dental caries and effective dental care methods. Moreover, the professionalism of the training team was highly praised. In general, this OHE training met its goal of empowering preschool teachers.

Participants offered valuable suggestions to enhance the training. They suggested the content of the training should be more realistic and closer resemble daily situations. Some studies suggested that case-based learning using real-life cases helps learners impart relevance and connect the theory to reality (24). In addition, interactive and hands-on activities should be increased because traditional lectures have certain limitations. Interactive tools help to attract people's attention and participation, which may also benefit the implementation of the training (25, 26). Moreover, more resources and support were also considered necessary for the training. People tend to seek more information and practical support after realizing the importance of oral health. Providing educational resources after training, such as PowerPoint documents, notes, and reading materials, are necessary to aid teachers in their ongoing learning and teaching efforts. Educational resources may help people learn about the related topic and post (27). Teaching materials, including tooth models and booklets, are useful tools to facilitate demonstrations of proper dental care techniques. This practical support may help to solve problems and be effective in transferring and applying the skills and behavior learned during training to the teacher's workplace (27, 28). Therefore, this program has undergone significant adjustments in phase II (2023–2026). The teacher training has been revamped to include more real-life cases and various interactive elements such as hand-on activities. The training has been refined, with more focus on children's oral health topics, and expanded to include more content on different treatment option, knowledge of tooth replacement, dental development abnormalities, and the management of dental emergencies. In addition, different teaching and learning materials, such as tooth models and booklets, are offered. The impact of the teacher training in phase II will be evaluated in a future assessment.

The WHO suggested that the school setting provided a unique platform for implementing population-directed oral health interventions (20). Children's participation was increased in a school setting and those who were unable to go to dental clinics could be reached (29). Moreover, school is the place where students develop lifelong health-related behaviors, beliefs, and attitudes, which may help develop good oral health awareness and behaviors (12, 26, 30). Professional training is a major component of updating teachers' knowledge and skills in different categories (31). A key step to establishing collaboration with schools is to provide effective professional preparation for childhood educators. A study conducted in Hong Kong kindergartens indicated that teachers’ understanding of a health program might affect their attitudes toward the implementation of the program in their kindergartens (32). A literature review showed that teacher advocacy for health programs can effectively influence their implementation (33). Therefore, it is important to involve teachers in school-based programs in advance, trigger their interest, and empower them to teach children about oral health in a school setting. Teacher training is crucial to the school-based health program's success and is beneficial to kindergarten children in improving their oral health. The WHO also suggests that both parents and teachers play a crucial role in children's oral health behaviors and attitudes. A literature review revealed that many parents are not adequately trained and informed about managing their children's oral hygiene. The gap in oral health literacy can lead to a range of negative oral health outcomes (34). Therefore, parents’ oral health education is also important (35). It is essential to develop and implement a comprehensive program promoting oral health at school to empower caregivers to manage oral-health-related risk factors among their children.

This study was conducted following the Program Evaluation Standard in Public Health framework from the CDC. To gather evidence from participants, this study adopted closed-ended questions to collect solid results as well as open-ended question to allow participants to express detailed insights and discover unanticipated responses (36, 37). To manage diverse responses from the open-ended questions, a thematic analysis was adopted to discover, interpret, and report patterns and clusters of meanings. Moreover, this study used themes and coding during data analysis to facilitate the process of summarizing key issues and to present the findings in a clear and compelling narrative (36).

However, this study has some limitations. First, the program conducted online OHE training during the COVID-19 epidemic during 2019–2022. This setting may influence participants’ experiences, potentially differing from face-to-face training. Second, participants in this optional training might be influenced by social desirability bias, leading to favorable and positive feedback. Third, the materials and curriculum are not universally recognized and may need to be validated or updated if they are adopted by other countries. Nevertheless, this study helps researchers, project managers, and different stakeholders understand teachers’ views toward school-based oral health education training for teachers and provides different ways of improving the framework, service, and lesson to plan future health programs.



5 Conclusion

The participating teachers were generally satisfied with the training and agreed that the training achieved its objective of equipping them with knowledge and skills. They expressed positive attitudes toward the training. They agreed that this training was beneficial and suggested that it was implemented regularly, providing suggestions for its content and resources. This study provided evidence on the impact of this program-based oral health education training for kindergarten teachers in Hong Kong.
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Introduction: Formula and bottle feeding behaviours can increase obesity and tooth decay (early childhood caries, ECC) in early childhood, through non-responsive feeding and prolonged exposure to sugar. Parents’ beliefs can be barriers to behaviour change for obesity and ECC prevention. Understanding these beliefs towards children's teeth and weight can address parents’ priorities and develop prevention messages. This qualitative systematic review (PROSPERO registration #CRD42022348783) aimed to identify parent or carer perspectives on obesity and ECC in children aged ≤6 years.



Methods: Database searching of CINAHL, Medline and EMBASE, with hand searching, was undertaken. Included papers were qualitative research publications, focused on parent or carer beliefs and attitudes towards overweight, obesity or ECC in infants and children. Inductive thematic analysis was undertaken to generate themes, with a strengths-based approach focused on parents’ lived experience. Quality appraisal was undertaken with the CASP Qualitative Checklist. Descriptive characteristics of the study and participants, and qualitative findings, were extracted qualitatively in NVivo.



Results: 7,365 references were identified from database and hand searching, with 98 references included for analysis. Three research themes were generated: (1) parenting to support child wellness, including healthy teeth and weight; (2) parents’ response to unwellness, including identifying symptoms, causes and protective factors for unhealthy weight and teeth; (3) information and resources needed to support healthy weight and teeth. There was high or potential risk of bias in qualitative methodology when studies did not address researcher-participant relationships or rigorous data analysis processes.



Discussion: Findings highlight the need for strength-based messages for children's teeth and weight, increased understanding of formula and bottle feeding as obesity and ECC risk factors, and holistic approaches to care by dental and primary care professionals.



Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/view/CRD42022348783, PROSPERO CRD42022348783.
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dental caries, obesity, health knowledge, attitude and practice, child health, child nutrition sciences





1 Introduction

Overweight, obesity and dental caries (tooth decay) in early childhood are preventable conditions that share an overlapping aetiology through infant nutrition and feeding. Early childhood caries (ECC) are dental caries occurring in children aged under 6 years, with one or more primary teeth affected by tooth decay, loss or fillings (1). Overweight and obesity in children under 5 years of age is defined respectively as two and three standard deviations above the World Health Organization weight-for-height growth standard median (2). Consequences of these conditions may be extensive, such as impaired eating and nutrition from poor dentition impacting growth; and poor oral health and dental pain impacting speech development, sleep, behaviour, play, learning and later school attendance and performance (3). Increased body weight may be linked with delays in mental and motor development (4). Further, the establishment of increased body weight or unhealthy dietary patterns in infancy may increase obesity and obesogenic risk factors in childhood and adulthood (5–7), with similar increase in risk of chronic diseases such as type 2 diabetes and cardiovascular disease (8).

In addition to known dietary and behavioural risk factors of overweight, obesity and ECC (9, 10), formula and bottle feeding may contribute to overfeeding and exposure to free sugars (11). These behaviours may include feeding to soothe, instead of feeding responsively to hunger; adding fermentable carbohydrates to bottles; and ongoing use of bottles, instead of transitioning to cups (11). Health professionals report that parental beliefs can be a barrier to behavioural changes, such as the preference for infants with large body size; the value of feeding, particularly formula feeding, to encourage infant sleep; lack of concern to the health of primary teeth; and poor parental knowledge and self-efficacy to support tooth brushing and healthy eating (12–15). Whilst poor health literacy and values can overlap, some parents may value and place an emphasis of one health condition over another.

There is an opportunity to tailor health messaging towards values parents may place on one condition over another. That is, for a parent who values their child's oral health instead of weight concerns, targeted messaging focused on healthy teeth may also reduce risk factors related to their child being overweight. Understanding the beliefs and perceptions of parents and carers towards overweight, obesity or ECC will identify parental priorities in the care of their infants and children. In turn, this will inform co-design of a common risk factor intervention with consistent messaging to support best-practice formula and bottle feeding behaviours that prevent overweight, obesity and ECC.

This qualitative systematic review aimed to identify parent or carer (hereafter, referred to as “parents”) perspectives on overweight, obesity or dental caries in infants and children aged under 6 years.



2 Methods

The qualitative systematic review focused on the lived experiences of parents of infants and children aged under 6 years, and their perspectives on overweight, obesity or dental caries in early childhood. This review is reported following the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 2020 statement (16), with checklist in Supplementary Table S1, and was registered on PROSPERO (#CRD42022348783). Thematic analysis (17) was used for theme generation and analysis. A review protocol is not available.


2.1 Information sources

Reference searches were undertaken in August 2021, with a search update in January 2023 and August 2024. The database search strategy was structured using the Population/Concept/Context framework (Table 1). Databases CINAHL, Medline (via OvidSP) and EMBASE (via OvidSP) were searched with combinations of key terms for: infant or child; dental caries or overweight, obesity or excess body weight; parent or carer; beliefs, perspectives, knowledge, attitudes or culture; and qualitative research (Supplementary Tables S2–S7). All references were downloaded to Endnote 21 (Clarivate, 2013, Philadelphia, USA) for screening.



TABLE 1 Study inclusion and exclusion criteria.



	Population/Concept/Context criteria
	Inclusion criteria
	Exclusion criteria





	Population: parent/carer of infant/child
	

	•Parent or carer of infants or children aged ≤6 years



	Parent/carer

	•Pregnant women*

	•Professionals that work with infants or children aged ≤6 years*, e.g.

	○Healthcare providers

	○Teachers

	○Early education staff







Infant/child

	•Infants or children aged >6 years, or where infant/child age cannot be determined*

	•Infants or children with identified abnormal growth conditions, e.g.

	○Malnutrition

	○Failure to thrive

	○Stunting

	○Developmental disability

	○Premature birth










	Concept
	

	•Perspectives on dental health in early childhood at ≤6 years, specific to early childhood caries


or

	•Perspectives on overweight, obesity or unhealthy weight gain in early childhood at ≤6 years, specific to body weight or size



	

	•Non-qualitative perspective of infant/child weight, e.g., visual body size scale (160)

	•Infant or child health research not specific to overweight, obesity or dental caries, e.g.

	○Dental or oral health not specific to early childhood caries, or with minimal dental caries outcomes

	○Unhealthy weight, without focus on body weight or size

	○Other infant or child feeding





	•Other infant or child obesity research without weight outcomes or with minimal body weight or size outcomes






	Context
	

	•Infants or children diagnosed with overweight, obesity or dental caries


or

	•Population at increased risk of overweight, obesity or dental caries in early childhood



	

	•Population at increased risk of undernutrition, failure to thrive or stunting


or

	•Population with underlying clinical condition, e.g., disability


or

	•Population not at increased risk of overweight, obesity or dental caries in early childhood






	Other
	

	•Research with qualitative component, e.g., semi-structured interviews, focus group



	

	•Research with brief qualitative component, e.g., open answer question in survey

	•Research with no qualitative component, e.g., structured interview-based survey






	

	•Journal article

	•Published in peer-reviewed journal

	•Primary research



	

	•Thesis/dissertations

	•Published in predatory journal

	•Not primary research, e.g.

	○Reviews

	○Conference abstracts










	

	•English language



	

	•Language other than English







	* Studies were included if data from pregnant women, carers of infants/children aged >6 years or health professionals, could be separated from carers of infants/children aged ≤6 years.







Forward and backward citation (18) was undertaken using the reference lists of included studies and citations via Google Scholar. Reviews focused on infant or child overweight, obesity or oral health were checked for relevant articles.

The literature on parental perspectives of childhood overweight and obesity is extensive. Sydney Local Health District, the authors' local health district, is a culturally and socioeconomically diverse area of New South Wales, with nearly half the population speaking a language other than English, higher rates of obesity in cultural groups, areas of extreme socioeconomic advantage and disadvantage (19, 20), and where preference for large body size is a barrier to infant obesity prevention (12), particularly amongst cultural groups. To focus the literature searched, only studies with specific reference to body size were included for analysis.

Data extracted from articles included first author, year of publication, country of data collection, data collection method, study population, population characteristics, and qualitative findings.



2.2 Thematic analysis

Thematic analysis was undertaken following the six steps outlined by Braun and Clarke (17). Thematic analysis enabled inductive theme generation and could centre the participant perspective.

Full text documents and relevant supplementary files were uploaded to NVivo version 14 (Lumivero, 2023). HC undertook familiarisation of the research by reading the articles 2–3 times. Iterative initial codes were drafted, then organised into a coding framework that was informed by the Capability-Opportunity-Motivation system of behaviour change (21), which proposes that capability, opportunity and motivation underpin behaviour and behaviour change. Following coding, thematic generation was undertaken by HC to produce themes and subthemes, which were discussed with all authors; then reviewed and refined into three final themes addressing both obesity and ECC, using a strengths-based approach towards parents' lived experience.



2.3 Quality appraisal

Critical appraisal was undertaken using the CASP Qualitative Checklist (22) to assess qualitative research methodology. Critical appraisal was summarised as tabulated data and visualisation in RevMan 5.4 (The Cochrane Collaboration, 2020).



2.4 Inter-rater reliability

Author HC undertook all Methods. Inter-rater reliability was undertaken, with a second reviewer (CR, EDW or JA) to screen full-text studies included for analysis; code ∼10% of included studies, following the coding framework; and undertake the CASP Qualitative Checklist appraisal for ∼10% of included studies.

This ensured that two reviewers determined the final studies for inclusion; supported consistent coding accuracy; and assessed critical appraisal consistently. Inter-rater reliability of CASP appraisal was scored with percentage agreement (23).



2.5 Reflexivity

Reflexivity involves critical interrogation of how knowledge production is informed by the researcher's values (17). HC is a dietitian, with a background in childhood obesity research. During familiarisation with the literature, varying perspectives between healthcare providers and parents was evident, including frustrations with health recommendations not being undertaken or difficulties faced in parenting and child rearing not being recognised. HC maintained research memos and positioned the parent perspective during coding, theme generation and analysis. The findings are focused on the parent perspective, instead of biomedical models of physiology and pathophysiology, and parent-reported resource needs, instead of researcher-inferred needs. Examples of excerpts with reflexive coding are available in Supplementary Table S8.




3 Results


3.1 Study selection

Results of the database and citation search are summarized in the PRISMA flow diagram (Figure 1). Database searching identified 7,297 references. Following duplicate removal, 5,852 references were screened for relevance based on title and abstract. 538 references were sought for full-text retrieval. Studies excluded during full-text screening included parents of children with unspecified age or outside of age range (24, 25); studies focused on feeding, nutrition and/or physical activity without context of weight, overweight/obesity or tooth decay (26, 27); weight-specific research with minimal focus on infant or child body size (28, 29); and dental research that was non-specific to feeding, nutrition and/or ECC (30, 31). Backward and forward citation searching identified 68 references. 98 articles from 91 studies were included.


[image: Flowchart detailing a study selection process for a review. From 7,297 records identified via databases and 68 via citation searching, 1,445 duplicates were removed. After screening, 5,311 records were excluded. 541 records sought for retrieval, with 3 not found. 538 assessed for eligibility; 445 excluded for reasons like age and research relevancy. Ultimately, 98 studies included in the review. For records identified via other methods, 68 assessed, with 23 excluded for similar reasons, leading to the final inclusion of studies.]
FIGURE 1
PRISMA flow diagram.




3.2 Inter-rater reliability

Author HC independently undertook all Methods, including reference searching and screening; data extraction; study coding; and quality appraisal.

A second researcher, CR or JA, screened all full-text studies, against the inclusion and exclusion criteria. Disagreements were resolved by author EDW, with 98 articles included for analysis.

To ensure consistency in coding, eight articles were coded by EDW following the coding framework. Discussion between HC and EDW indicated high consistency in coding decisions.

Eleven studies were randomly selected for CASP assessment with a second reviewer, EDW or JA. There was high inter-rater reliability, with an overall 93.6% percentage agreement, and high agreement across all ten CASP checklist items (23) (Supplementary Table S9).



3.3 Included studies

Descriptive characteristics of the 98 articles are summarised in Supplementary Table S10. Most participants were mothers. Fifty-nine articles included infants and children with overweight, obesity or ECC, diagnosed by health professionals or self-reported by parents. Eighty-six articles involved populations at increased risk of overweight, obesity or ECC, relating to relative social disadvantage (low income; low education; refugees, migrants, immigrants or cultural minority populations; Indigenous populations), countries in economic transition, or parents with overweight/obesity. Most articles were from the USA (47), followed by European countries (12) and Australia (9). Studies from each continent were represented, mostly from North America (55), then Asia (13), Europe and Oceania (12 each), with fewer in South America (5) and Africa (1). All studies undertook qualitative research through focus groups (55) or interviews (56), barring one which used Photovoice.



3.4 Quality appraisal

CASP findings are summarised in Supplementary Table S11 and Figure S1. Overall, articles had good qualitative research quality: studies had clear research aims (n = 98); appropriate use of qualitative methodology (n = 98); results were valuable in relation to current practice or policy, transferability to other populations, or relevance to new areas of research (n = 96); and clearly stated findings for explicitness, credibility or relation to the research question (n = 82). Studies were at high or unclear risk of bias for not considering or explicitly reporting on the researcher-participant relationship (n = 64), the use of informed consent or sufficient explanation of the research process to participants (n = 44), and rigorous data analysis processes (n = 39).



3.5 Thematic analysis

Themes are conceptualised in Figure 2. Findings are grouped by how parents: value child wellness, including healthy teeth and weight, and the parenting practices supporting this (Theme 1); respond to unwellness, including identifying symptoms, causal factors and protective factors (Theme 2); and identify resources needed to support healthy teeth and weight (Theme 3). Our findings demonstrate that although parents valued wellness, they tended to respond and seek resources only when children were unwell. This is consistent with existing literature around parental responses to health promotion when children are asymptomatic. Representative quotes are reported in Supplementary Table S12.


[image: Flowchart titled "How parents raise healthy children" depicting parental views on child health, focusing on screen time, feeding, and social environments. It explores understanding healthy and unhealthy teeth and weight, and the impacts on children. The chart includes supporting elements like information sources, resources for maintaining health, and parental self-efficacy.]
FIGURE 2
Thematic map.




3.6 Theme 1: how parents view a healthy child

Good health for children was determined by observable physical, cognitive and emotional development, including happiness; self-esteem; good appetite, activity and play; life opportunities; growth and attaining developmental milestones; absence of illness and disease; learning ability; behaviour and temperament (32–43).


3.6.1 How parents understand healthy teeth and weight

Good oral health was defined by the absence of disease: aesthetically pleasing teeth were white, straight, evenly spaced, without pain, holes, decay or discoloration; pink gums and attractive smiles (13, 41, 44–50). However, parents’ views on the health of primary and permanent teeth differed. Parents valued primary teeth if they believed it would impact the health of permanent teeth (47, 48, 51–53). Conversely, only permanent teeth were valued when these were viewed as having more long-term importance than primary teeth (49, 54–56).

Healthy or desirable body weight was determined by size or shape, appetite and physical activity. Many parents considered largeness or heaviness to demonstrate adequate nutrition and growth, energy reserves, physical strength, and contentment (35, 37, 39, 57–65). Parents considered good appetite and dietary intake, lack of fussiness around food, and physical activity or play without signs of overexertion or developmental delay, as signs of children having healthy weight, receiving adequate nutrition, and being sufficiently active (33, 35, 38, 39, 42, 43, 57–60, 62, 65–72). Largeness or heaviness, which demonstrated growth and nutrition, were distinct from overweight or obesity as disease conditions. This was conceptualised as “solid”, “thick”, or “fresh”, “baby fat”, “plumpness”, “chubbiness”, “muscled” or “chunkiness”, and could be informed by cultural beliefs and norms (32, 35, 38, 42, 43, 60, 62–66, 73, 74). Few studies found positive beliefs towards smaller body weight, and could be mitigated by health provider advice (67, 75) or beliefs about breastfeeding benefits (76).

Few parents viewed the use of growth charts as a clinical method of identifying healthy body weight positively (36, 40, 70, 77). However, parents also viewed high growth chart trajectories or percentiles positively when this was reported or viewed as healthy, “normal”, or showing increasing body weight (65, 78, 79).



3.6.2 How parenting raises healthy children

Parents valued their ability to meet their children's wants and needs (43), and provide a safe family and household environment (33, 80, 81). These beliefs informed perspectives regarding feeding, activity and play, and screen time.


3.6.2.1 Screen time and physical activity

Parents felt screen use could interfere with eating, appetite regulation and parent-infant bonding (58, 61, 71, 74, 82, 83). Screen use was associated with children being “lazy” or “inactive”, independent of health outcomes (33, 35, 60). However, screen time was believed to support learning, digital skill development and exposure to healthy foods (58, 84), and enabled children to behave indoors (61, 82, 85).

Parents felt physical activity was intrinsic in growth and development, with infants being naturally inclined to be active when they reached developmental milestones, such as crawling and walking (58, 86). Therefore, parents did not need to encourage play and activity. Similarly, for older children, parents only felt responsible for providing transport or safe play options (34, 87, 88). Parents felt they only needed to support physical activity if their child had overweight or obesity (69, 89).



3.6.2.2 Feeding

Values towards healthy eating by children and feeding decisions from parents overlapped. While healthy eating supported physical and mental growth and contributed to a good appearance (37, 54, 58, 77, 90), this could include forced feeding or pressure feeding practices to ensure children were fed, regardless of hunger or appetite (36, 71, 74, 75, 77). Likewise, while feeding also demonstrated parental affection and the ability to meet children's physical and emotional needs (42, 62, 83, 91), this also meant offering cariogenic and/or obesogenic food being important to provide enjoyable eating experiences (74, 81) and to diversify a child's diet (53, 92). Denying this would deprive children of opportunities to enjoy food and learn self-regulation (54, 93). Early introduction of solid food to infants before six months broadened the taste palate to prevent fussy eating (70, 74).



3.6.2.3 Social environments

Parenting approaches and the family environment supported oral hygiene and healthy eating, through supervising and/or modelling routine tooth brushing and food choices, making food purchasing decisions, ensuring healthy foods were available, limiting availability of unhealthy foods in the household, and avoiding pressuring children to eat foods they did not enjoy (33, 35, 37, 38, 41, 42, 45, 46, 49, 50, 52, 53, 61, 65, 67, 75, 77, 83, 84, 94–107).

Most parents considered their child's oral hygiene and dietary behaviours to be their responsibility. Broader social support were equally important, such as from other parents, older siblings and family members (84, 98–101, 103, 104, 107), with schools and healthcare providers also being responsible for teaching tooth brushing or providing healthy food environments (50, 67, 84, 87, 88, 96, 103, 107–109).





3.7 Theme 2: how parents understood unhealthy teeth and weight

Poor health and illness were defined by symptoms and health consequences that interfere with wellbeing, while early indicators of disease—such as white spots in ECC, or growth charts showing risk of overweight or obesity—could be overlooked or dismissed.


3.7.1 Unhealthy teeth

Parents identified poor oral health through symptomatic disease and unattractive teeth. Few parents used medical terms, such as “tooth decay” or “cavities”—instead, this was reported as visible decay, including holes, “rot” and “black spots”; fractured or cracked teeth; tooth discoloration; tooth loss and extraction; pain, distress, poor behaviour and mood; bad breath; inability to eat and sleep; visible fillings; and swollen gums (36, 41, 44, 45, 48–51, 55, 100, 110–114).



3.7.2 Unhealthy weight

Parents believed that smallness or thinness in children indicated undernutrition; poor growth and development; or illnesses, like anaemia and tapeworms. These beliefs could be informed by health provider assessment when children did not follow a standardised growth trajectory (32, 78) or in populations with poverty or socioeconomic disadvantage (33, 77, 96). Thinness was also associated with parental neglect or inability to meet nutritional needs (40, 66, 77, 96).

Parents considered infants or children to be at an unhealthy weight when their appearance or behaviour appeared unattractive; when they appeared “larger” than their peers; or when they required larger clothing sizes (35, 40, 59, 60, 62, 65, 66, 84, 89, 115, 116). While parents may acknowledge that their child had a clinical diagnosis of overweight or obesity, few parents felt this meant their child's weight was unhealthy unless physical and emotional consequences were experienced, which is discussed separately in theme 2.4.

Notably, there were opposing views on the suitability of standardised growth charts to identify healthy weight and growth. Few parents felt that growth charts were suitable for identifying overweight or obesity (35, 60, 67, 84, 115). Parents demonstrated uncertainty towards the purpose of growth charts (63, 70, 79). When growth charts identified a clinical diagnosis of overweight/obesity that was incongruent with parental expectations, parents viewed growth charts negatively or being incompatible with a child's unique growth trajectory (32, 35, 42, 79, 89).



3.7.3 What parents perceive are the causes of, and protection against, unhealthy teeth and weight

Parents generally were able to identify certain causal and protective factors in ECC, overweight, obesity or weight gain. These findings are focused on the parental perspective, instead of biomedical models of pathophysiology.

For ECC, causal factors included insufficient tooth brushing, dietary sugar intake (particularly sweets, fruit juice and milk), and bottle feeding (13, 36, 44–53, 55, 76, 82, 85, 91, 95, 97, 99, 101, 103, 105, 107, 108, 110, 113, 117–119). Protective factors included regular tooth brushing or gum cleaning, limiting dietary sugar intake, limiting bottle use, and routine dental check-ups (41, 44, 46, 47, 49, 50, 52, 53, 98, 100, 103, 104, 107). Few parents identified night-time breastfeeding, cariogenic bacteria transmission, or carbohydrous foods, as causes of ECC (50, 53, 91, 95, 101, 105, 110); or the role of fluoride in ECC prevention (46, 47, 100, 104, 120).

For weight gain, causal factors included dietary intake of high fat and/or high sugar foods, overeating, early introduction of solid foods for infants, prolonged bottle or formula feeding, and physical inactivity or sedentary behaviour (35, 37, 60, 62, 65–67, 75, 77, 78, 82, 85, 86, 89, 90). Protective factors included breastfeeding, healthy eating, decreased intake of energy-dense unhealthy foods, physical activity, and infants reaching developmental milestones, such as walking (32, 42, 58, 60, 82, 89).

Dental attendance was not consistently seen as a protective factor against ECC. Many parents considered accessing dental care only for symptom treatment (36, 45, 48, 49, 53, 54, 81, 94, 97, 98, 102, 104, 114, 120–122). Parents who valued preventative dental care may only do so after negative experiences of ECC from their families and communities (52, 54, 56, 94, 97, 111).

Genetic susceptibility to ECC or higher body weight was frequently discussed as being intrinsic. Therefore, ECC, overweight, or obesity was inevitable or untreatable, even with preventative behaviours, such as regular dental attendance or lifestyle behaviours (33, 35, 38, 39, 42, 43, 46–51, 57, 60, 61, 65, 66, 68, 69, 71, 77, 86–89, 94, 95, 98, 99, 105, 112, 115, 118, 123).

Some beliefs reflect unclear understanding of biological causes of ECC or overweight and obesity. This included ECC being caused by poor tooth formation from undernutrition, e.g., insufficient milk or calcium during pregnancy or infancy (46, 55, 95, 103, 112, 118), or use of antibiotics (49, 110); and overweight and obesity being caused by metabolism, poor sleep, stress from bullying, and hormones in animal production (35, 60, 65–67, 77). Parents also believed mouth washing was sufficient for oral hygiene, especially when feeding to sleep made tooth-brushing difficult (36, 76, 91). For parents who misunderstood the causes of ECC, cariogenic risk factors could be maintained—for example, parents who believed that chewing or sucking of bottle teats caused ECC (46, 95, 117, 118) replaced bottles with cups during feeding to sleep.

The cariogenicity and obesogenicity of foods and drinks could be poorly understood, as demonstrated through beliefs on: the healthiness of fruit juice, fruit drink and soft drinks; dilution of sugary drinks with water being protective against ECC; or use of unrefined sugars, such as jaggery or honey (49, 52, 54, 60, 61, 85, 91, 92, 94, 95, 112, 117, 120). Some parents were unaware that certain foods or drinks—such as candy, chocolate, cookies, potato chips, or ice cream—were cariogenic or obesogenic (49, 72, 81, 91, 95) or felt that certain foods, while cariogenic, remained nourishing (36, 54, 81, 94).



3.7.4 The impact of unhealthy teeth and weight for children

For parents, unhealthy teeth and weight was defined by consequential impacts. Understanding the life course trajectory of overweight, obesity and ECC could inform how parents responded to these conditions. However, there were notable differences in perceptions on ECC, compared to overweight and obesity. Fewer parents proactively discussed prevention, while those who did could be informed by experiences in their family and community, such as their childhood or the care of other children (38, 39, 41, 45, 75, 82, 84, 85, 94–96, 101, 107).

The consequences of ECC related to the permanence of primary and permanent teeth. Parents reacted to poor health in primary teeth when it impacted nutrition, speaking, child mood and behaviour, or when it was believed to impact the health of permanent teeth (36, 47, 48, 51–53, 94, 99, 100, 114). While asymptomatic ECC, such as white spots, did not prompt health seeking by some parents, parents also reported being dismissed and unsupported by health professionals when seeking advice on asymptomatic ECC (36, 46, 48, 111, 112, 114). Parents' views on primary teeth was related to its impermanence, and varied from apathy to concern (13, 36, 44, 47–50, 53, 56, 94, 98, 102, 113, 121). For some parents, the health of primary teeth appeared unrelated to the health of permanent teeth, and primary teeth were “practice” for oral hygiene behaviours for permanent teeth (13, 48, 49, 53, 111). Subsequently, dental care reflected a focus on acute symptom treatment, such distress and poor behaviour from dental pain, with minimal focus on ECC prevention (94, 112, 114, 124). Longer-term dental care behaviours varied after experiences of ECC: for some, the resolution of symptoms after removal of decayed teeth led to dental care behaviours not being maintained, while others were motivated to maintain dental care behaviours (49, 94, 95, 99, 101, 106, 110, 111).

Consistent with this, overweight and obesity—either as a present diagnosis or a future risk—was not seen as significant if children appeared asymptomatic (40, 43, 67, 84, 89, 125). Overweight or obesity was detrimental when it was consequential, such as parental back pain when carrying a heavy infant; physical incapacity, including delays in reaching developmental milestones, shortness of breath, and tiredness during play; and teasing or bullying that impacted children's mental health and self-esteem (32–35, 37–39, 42, 43, 60, 61, 64–67, 77, 82–84, 87–89, 96, 116).

Understanding the life course trajectory of overweight or obesity meant that some parents anticipated the risk of future weight-related health problems and the normalization of obesogenic lifestyle behaviours into adulthood (32, 33, 37, 39, 43, 60, 64–66, 75, 77, 82, 84, 85, 87–89). However, despite significant health consequences, overweight or obesity were unimportant at present, and would only be a problem beyond infancy or school age (58, 65, 68, 69, 78, 87). Subsequently, parents believed that obesogenic behaviours could be addressed later, or that body weight would self-resolve when child height or physical activity intrinsically increased (58, 64–66, 69, 83, 84, 87, 89, 116).




3.8 Theme 3: supporting parents to maintain their child's health

While there were distinctions in framing their needs for promoting children's oral health and healthy eating, and preventing ECC, overweight or obesity, parents' need for information and resources was consistent. Parents discussed their ability to successfully support healthy teeth and eating being based on internal and external loci of control.


3.8.1 Information sources and services utilised by parents

Parents utilised professional and non-professional sources for information about children's health, such as medical, nursing, dentistry, allied health professionals and government programs, and family, friends, peers and advertising, respectively. Teachers, early childhood educators and social workers were also important non-health professional sources of information (45, 46, 49, 55, 76, 88, 97, 101, 103, 104, 108, 117, 126). Attitudes towards these sources were dependent on being aligned with parents’ expectations. Parents' satisfaction with professional sources was impacted by expectations of care, agreement with information received, comprehensiveness of education, quality of services, and the parent-provider relationship, particularly a clinician's competence when working with children (13, 32, 35, 38, 49, 53, 58, 60, 63, 75–78, 81, 82, 84, 87, 89, 90, 92, 94, 97–99, 103, 107, 111, 113, 114, 120, 122, 123, 126). The use of non-professional sources of information varied: many parents trusted the advice and experiences of other parents and family members (13, 35–37, 46, 48, 58, 76, 83, 87, 92, 93, 96), while few parents felt this information did not align with professional advice (74, 87, 99, 114). Notably, information from health professionals could impact how parents perceived the severity or significance of ECC, overweight or obesity (32, 46, 48, 58, 65, 84, 86, 89, 112) – and parents were confused when received conflicting information from trusted sources or were advised by health professionals that further health care seeking was not needed (35, 53, 54, 76, 84, 89, 99, 111, 114, 121, 125).

Parents reported difficulty accessing health providers being a barrier to accessing information or care to support their child's health. This included actual or perceived cost of services; time barriers; inability to receive specialist referrals; attendance to service locations, related to transport challenges and isolation of rural, regional and remote areas; language barriers; and refusal of dental services for children reportedly too young for care (13, 43–46, 50, 52–54, 56, 81, 82, 94, 98–100, 111–114, 117, 120).



3.8.2 Resources needed for supporting healthy teeth and weight

Parents identified information and resource needs based on gaps in care, which may indicate that routine well-child services were not meeting parent needs, or that parents were not accessing health services. These topics included breastfeeding and introduction of solid foods, healthy eating, physical activity, sleep, understanding growth charts, oral health and care, and general parenting, such as responding to infant cues, and child development. Information also needed to be specific, factual and practical (32–34, 47, 50, 53, 58, 62–64, 70, 74, 76, 78, 80–84, 87, 88, 90, 96, 102, 103, 108, 111–113, 115–117, 120, 125, 126).

Parents offered suggestions on community- or school-based programs that could be available, such as parent groups, playgroups, education programs with peer learning, dental outreach, and activity programs (33, 48, 50, 53, 58, 80, 88, 96, 109, 125). To be accessible, these programs needed to be free, provide childcare, and involve children in age-appropriate education (34, 125). Resources also needed to be proactive instead of reactive, such as the establishment of food assistance programs or food co-ops with healthy food, and the provision of dental care supplies, like toothbrushes and toothpaste, through community services (34, 45, 50, 87, 100, 108).

Parents wanted improved access to dental care for children, such as affordable, subsidised or free dental care; alignment of dental services with medical services; or access to paediatric dentists (45, 53, 54, 98, 99, 106, 108, 113). While free or subsidized dental care could be available in countries with public healthcare, this was not broadly known, or was perceived as poorer quality compared to private health services (44, 51, 53, 54).

Resources were needed to meet diverse language needs, such as low literacy resources, access to interpreters, and increased language diversity (38, 44, 48, 53, 63, 87, 90, 102, 113). Resources in different formats or modes were required, varying from print resources; digital resources, such as electronic newsletters, internet and social media websites; and in-person resources, such as parenting classes, and community health workers to link parents to services (44, 48, 63, 87, 90, 120, 125).



3.8.3 Supporting parental self-efficacy

Parents identified practices to raise a healthy child in theme 1.2. However, internal and external factors limit their efficacy in doing this.

While parents considered tooth brushing as important, they experienced barriers, including self-efficacy, lack of time, and responding to a resistant child (13, 36, 48–50, 53, 80, 81, 94, 95, 97, 99–105, 110, 122). Some parents reported teeth cleaning that was not best-practice, such as unsupervised tooth brushing before 7 years of age, mouth rinsing or cleaning with cloth instead of tooth brushing, delayed tooth brushing initiation, or suboptimal tooth brushing time (44, 49, 53, 97, 101, 103, 110, 119, 120, 122).

Parents recognised the difficulty in supporting children's healthy eating in obesogenic and cariogenic environments. Parents felt their attempts to encourage healthy eating were undermined by other carers and children's peers (13, 37, 42, 44, 49, 50, 53, 56, 60, 61, 64, 66, 67, 78, 81–84, 93, 99, 104, 111, 115, 127). Similar to tooth brushing, parents experienced barriers to providing healthy foods, including self-efficacy, children's food preferences, financial and time costs of providing healthy food, and the convenience and inexpensive nature of unhealthy foods (13, 34, 35, 50, 60–62, 66, 74, 77, 81, 82, 84, 85, 88, 96, 99, 100, 116, 117, 125, 126).

Parents' use of food, or response to signs of hunger, indicated these were barriers to healthy eating. Parents reported the use of persuasive feeding to pressure children into eating healthy foods, reduce disruptive behaviour, or to reward good behaviour (13, 37, 38, 42, 49, 57, 64, 75, 77, 81, 83, 85, 87, 126). Parents felt unable to deny food requests, challenge food refusal, or address resistance from children, even during food introduction for infants (35, 36, 38, 44, 49, 61, 64, 71, 75, 83, 85, 91–94, 97, 98, 115, 123). This awareness of foods being unhealthy while also feeling children could not be refused is distinct from theme 1.2.2, where food should not be denied and should be provided to encourage diverse food experiences.

Ensuring infants and children were fed, particularly “fussy” or “picky” eaters, could lead to prolonged bottle feeding (36, 42, 49, 90). Likewise, parents' concerns that children's refusal to use drinking cups or eat healthy foods would cause undernutrition led to encouragement or maintenance of cariogenic or obesogenic feeding behaviours (35, 49, 61, 76, 81, 90, 93, 95, 97, 99). Parents did not feel confident to deny food for children who reported being hungry (32, 35, 42, 60, 61, 97, 109, 115), which was similar to parents feeling that feeding to soothe was the only behaviour that could settle crying, tantrums or fussiness (13, 57, 64, 80, 123).





4 Discussion

This qualitative systematic review of 98 publications centres the lived experiences of parents of infants and children, which focus on valuing child wellness, and responding to unwellness when unhealthy weight or ECC symptoms were experienced. Parents valued messages about healthy weight and teeth, but not messages about preventing obesity or ECC. Parents had reactive responses to overweight, obesity or ECC – such as dental attendance for ECC treatment but not routine check-ups for prevention, or limiting obesogenic foods after overweight or obesity was clinically diagnosed. Parents reported information needs from professional sources on nutrition, dental care and responsive parenting, which may indicate gaps in well-child visits where this information is typically provided.

These review findings are consistent with previous qualitative research, where there was poor understanding of cariogenic risk from formula, bottle or night-time feeding; the addition of foods into bottles being obesogenic and cariogenic; cultural preferences for larger or heavier infants and children; and low self-efficacy in tooth brushing or responsive child feeding (128–131). This is congruent with questionnaires which demonstrate varying levels of parental knowledge on bottle use and preventative dental care on ECC risk (132–134) – however, knowledge of bottle use may not affect ECC status or use of obesogenic feeding behaviours (134, 135). Key messages on formula and bottle feeding as causal factors of obesity and ECC were not recalled: parents were largely unaware of the association, with some only becoming aware after unhealthy weight gain or ECC occurred (13, 36, 48, 49, 53, 76, 86, 94, 95, 117, 118); and few were aware that frequency of feeding could result in overnutrition or sugar exposure as obesity and ECC risk factors (75, 97, 105). Community and primary health care-based interventions for parents can improve bottle use behaviours and routine preventative dental care (11, 133, 136–138), which emphasises the importance of education and support on dental care and nutrition throughout pregnancy and early childhood.

These findings indicate the need for communication that address parent priorities and support self-efficacy. This has implications for health messages and behaviour change technique-informed strategies in program design, such as strength-based messages (i.e., healthy teeth and growth) instead of messages about obesity or ECC prevention. Healthy teeth were prioritised for aesthetic appearance, including attractive smiles, while the function of teeth for eating was only discussed as a consequence of ECC. In contrast, healthy weight was prioritised for the aesthetics of size demonstrating adequate growth, and the function of weight reflecting good dietary intake and ability to play. Impairments in these, along with bullying or teasing, indicated children at an unhealthy weight. These differences were also seen when interpreting the life-course trajectory of ECC, overweight or obesity. While parents could identify the immediate consequences of ECC, few identified the long-term risk of dental caries in permanent teeth. Conversely, while parents could identify chronic conditions associated with unhealthy weight, these were considered to be relevant only if overweight or obesity occurred beyond infancy and childhood. Even where parents could identify cariogenic or obesogenic risk factors, they experienced challenges in health-promoting behaviours and ceasing cariogenic or obesogenic risk behaviours, such as settling child crying with feeding. Responsive parenting supports parents to interact with infants and children to develop child regulation and autonomy—the INSIGHT trial demonstrated improved maternal structured feeding practices (139) and modestly improved child weight outcomes at 3 years age (140), while the Sleep Strong African American Families trial demonstrated improvements in maternal responsive feeding (141) and reduced odds of infant rapid weight gain at 16 weeks age (142). Communication to parents should include: strength-based messaging and strategies to build parental self-efficacy; emphasize the relevance of health-promoting behaviours from infancy; and identify how rapidly ECC and overweight or obesity can occur, even in infancy and childhood.

These findings also indicate resource needs and the potential for co-design in program delivery. Parents identified the use or need for community- or school-based resources; distribution of dental health products, like toothbrushes or toothpaste; and education, workshops or health screening in schools and community venues. Specific focus was given towards affordable access to dental care, including services for children, by participants internationally and across socioeconomic statuses. Financial accessibility for medical treatment, particularly dental care, require health service restructure and may not be feasible to address without system-level change—however, strategies to increase access to care may include public health messaging about dental service eligibility, which may not be widely known (94), and preventative care delivery or home visiting with community health workers (143–146). Many articles in this review (86 of 98) involved vulnerable populations with social disadvantage or changing food environments during economic transition—therefore, co-design and community partnership can support equity in program reach and address upstream social determinants of health (147). Community stakeholder involvement in program design may support uptake and sustainability, such as the currently ongoing Healthy Smile Happy Child dental health program (148) and Whanau Pakari early childhood obesity program (149).

Experiences recalled by parents also indicate the need for changes in health provider practice. Parents reported confusion or frustration from health providers who dismissed or normalised obesity or ECC diagnosis or symptoms (84, 111, 114); refused to provide referrals for allied health or dental care (82, 111); or would not provide dental services for children under three years age (111, 121). This demonstrates the need for clear dissemination of up-to-date practice guidelines, which encourage dental attendance at one year age to establish preventative health behaviours and routine check-ups (150, 151), as well as continuing practice development for providers on early identification of obesity and ECC, such as using growth charts to identify unhealthy weight gain or addressing ECC from white spot identification (152, 153). Targeted or tailored messages and services by community health workers, especially for high-risk populations, may increase dental service uptake (143, 154). There are opportunities to integrate oral health into primary health care by non-dental practitioners (155) or oral health practitioners to discuss obesity prevention (156, 157), especially where obesogenic and cariogenic behaviours overlap. A common risk factor approach to obesity and ECC, across child health professional roles, can be supported with inclusion in tertiary education curricula, interdisciplinary collaboration, continuing practice development, and use of best-practice resources—such as screening tools and client-facing resources—to undertake screening, behaviour change counselling, and referral to services (157–159).

Quality appraisal with the CASP Qualitative Checklist indicated that articles tended to have good methodological quality. All articles had clear research aims and appropriate use of qualitative research methods. Many articles had clearly stated findings, with results linked to current practice, transferability to other populations or relevance to further areas of research. However, there could be unclear or high risk of bias in not explicitly reporting the researcher-participant relationship, details of informed consent or explanation of the research process for participants, or rigorous data analysis processes, as these aspects tended by briefly or not reported. As the use of social science research expands in health disciplines, it is important that future research addresses rigorous qualitative research methodology, and reflexivity and power relations between researchers and participants (17).

This review has several strengths. First, it integrates research from separate health disciplines for two conditions that share overlapping aetiologies—notably, a common finding when discussing both obesity and ECC was low parental self-efficacy to respond to children's unsettled behaviour and to address unhealthy feeding behaviours by other carers. Second, the findings of the included studies were broad, with 98 articles identified from nearly 6,000 references, which indicate a comprehensive search. Many qualitative studies on overweight, obesity or obesogenic behaviours in early childhood were excluded due to lack of focus on body weight or size. However, this refined the focus of this review as the body of literature on paediatric obesity is extensive and the inclusion of further studies would not have expanded findings. Third, the use of reflexive thematic analysis centred the parental perspective, particularly on child feeding, teeth and weight, and why cariogenic and obesogenic feeding behaviours may be valued. This, in turn, can inform program design which addresses community values or uses a strength-based approach to support behaviour change.

Limitations of this review relate to techniques to enhance trustworthiness and credibility of data analysis. One reviewer, HC, undertook database searching; study screening for inclusion and exclusion; coding in NVivo; and generation of the primary findings using thematic analysis. Study screening, NVivo coding and thematic analysis in duplicate would improve credibility of findings. However, inter-rater reliability was undertaken with a second reviewer to confirm full-text studies included for analysis; compare coding; and compare critical appraisal of qualitative methodology—the inter-rater reliability between reviewers was high and indicate that the work undertaken by HC is trustworthy and credible. Further, final themes and subthemes were finalised with discussion across co-authors. Diverse populations were included in this review, with 50 of 77 studies from Western countries (United States, Australia, Canada, New Zealand, western Europe) involving cultural minorities or Indigenous populations, and the remaining 21 studies including cultural majority populations across South America, Mexico and Asia. While preferences for larger or heavier child body size of weight cannot be generalisable across diverse populations, this perspective was observed across cultural groups in 13 included studies—and similar perspectives are demonstrated towards the lack of importance of primary teeth compared to permanent teeth by participants across different cultural groups in 13 included studies. However, few included studies involved populations or diaspora from African countries (one study, South Africa (43); one study, West Indies (53); Black American or British parents, 15 studies (35, 39, 40, 42, 57, 70, 72, 78, 79, 87, 89, 102, 111, 117, 121); migrants from African countries and the Caribbean (37, 44, 48–50, 58, 63, 113, 127), 9 studies), indicating underrepresentation in research.

This systematic qualitative review of 98 articles suggests the need for a holistic approach to prevention of obesity and dental caries in early childhood, and to address overlapping dietary behaviours. By using a focus on parents' lived experience, it identifies the need for strength-based communication and opportunities to improve understanding of formula and bottle feeding as cariogenic and obesogenic risk factors. Findings also demonstrate the need for continuing practice development for health professionals to identify and address early symptoms of obesity and ECC, including referral to dental care, and holistic approaches to dental and obesity prevention care by primary care and oral health practitioners.

Understanding these parent perspectives on healthy teeth and weight in early childhood will support the development of health promotion initiatives, including education resources and messages to support behaviour change. These findings will inform community stakeholder engagement, including focus groups and co-design workshops to develop an obesity and ECC prevention intervention through changing formula and bottle feeding behaviours.



5 Conclusion

This qualitative systematic review centred the perspectives of parents on overweight, obesity and dental caries in early childhood. Parents are focused on child wellness and value messages on healthy teeth and weight. Parents react to health conditions, such as ECC or obesity, once children experience symptoms that interfere with wellbeing—however, they may not undertake preventative behaviours, such as routine dental check-ups, or limiting obesogenic foods before overweight or obesity is clinically diagnosed. Parents identified information needs that highlight the importance of supporting parental self-efficacy for tooth brushing, healthy eating and responsive parenting. These findings also highlight the importance of health providers in early identification of ECC and obesity, and provision of accurate, tailored and up-to-date information and advice.
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Background/aim: Early childhood caries (ECC) is one of the most prevalent global oral health issues in children under five years old, significantly impacting their overall health and quality of life. This study aimed to analyze the global, regional, and national burden of ECC from 1990 to 2021, identify associated risk factors, and predict trends through 2040. It further examined the influence of socio-demographic factors, sex, and age on ECC incidence and prevalence.



Patients and methods: Data from the Global Burden of Disease (GBD) 2021 database were analyzed using Bayesian Meta-Regression models to estimate ECC incidence, prevalence, and years lived with disability (YLDs) across 204 countries and regions. Socio-Demographic Index (SDI) levels, sex, and age-specific trends were assessed. Age-standardized rates and estimated annual percentage changes (EAPCs) were calculated. Predictive models, including ARIMA, were developed to forecast future trends.



Results: Between 1990 and 2021, ECC incidence and prevalence showed modest declines globally, with significant variations across SDI regions. High SDI regions exhibited the lowest burden due to effective public health measures, while medium and low SDI regions faced persistent challenges. Sex disparities were observed, with males showing slightly higher rates than females. Children aged 5–9 years bore the highest burden of ECC. Predictions for 2040 indicate a potential rebound in ECC incidence in low and medium SDI regions without targeted interventions.



Conclusion: This study highlights the substantial burden of ECC, particularly in under-resourced regions, and underscores the need for tailored public health strategies. Effective prevention, improved healthcare access, and education are critical to reducing ECC burden globally, ensuring better oral health outcomes for children, and addressing disparities across socio-economic, sex, and age groups.
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Introduction

Early childhood caries (ECC), or early childhood tooth decay, is one of the most prevalent oral diseases in children under the age of five worldwide. ECC has complex etiologies linked to multiple factors, including oral hygiene practices, dietary habits, socioeconomic status, and parental health awareness (1). Typical characteristics of ECC include enamel and dentin demineralization and softening, which can lead to tooth breakage and even loss, impacting chewing function, language development, nutrient absorption, and children's quality of life (2). If left untreated, ECC can progress to severe pulp infections and periradicular lesions, resulting in pain and potentially leading to systemic illnesses (3). Thus, ECC is not only an oral health issue but also a significant public health concern affecting children's overall health.

Data from the 2019 and 2021 Global Burden of Disease (GBD) studies indicate a continued increase in the global burden of ECC, especially in low- and middle-income countries (LMICs) (4). More than 500 million children are estimated to be affected by ECC worldwide, with prevalence significantly higher in developing countries and impoverished regions than in high-income nations (5). Research also suggests that childhood oral health is closely related to overall health status in adulthood (6). Therefore, ECC prevention and treatment are not only vital for childhood health but may also have long-term implications for adult health. Despite this, awareness and prevention of ECC remain insufficient globally, particularly in low- and lower-middle-income countries, where children's oral health is often overlooked, and resources for health services and education are severely lacking (7).

The pathogenesis of ECC involves multiple factors, including bacteria (such as Streptococcus mutans), dietary influences (such as frequent intake of sugary foods and drinks) (8), poor oral hygiene (such as irregular tooth brushing), socioeconomic factors (such as household income and parental education), and cultural practices (9–11). Additionally, studies have demonstrated correlations between ECC and children's nutritional status, body mass index (BMI), and cognitive development (12). The severity of ECC can negatively impact children's physical and mental development, potentially leading to malnutrition, stunted growth, and attention deficits (13). Therefore, developing effective public health policies, raising health awareness among parents and children, and improving access to oral health services—especially in LMICs—are crucial strategies for controlling ECC burden (14, 15).

Although many studies have explored the causes and control strategies of ECC, there remains a lack of systematic research on the epidemiological characteristics and burden trends of ECC globally (16). Studies based on the GBD database provide crucial data for analyzing ECC burden at global and regional levels; however, data on ECC burden distribution and trend changes across different Socio-Demographic Index (SDI) regions, sexes, and age groups remain unclear. Thus, a comprehensive global study is urgently needed to address this gap (17).

This study, based on the GBD 2021 database, aimed to systematically assess ECC burden worldwide and across regions with varying SDI levels from 1990 to 2021, examine temporal trends, and analyze the relationship between ECC burden, SDI, sex, and age distribution. By analyzing long-term dynamic changes in the global ECC burden, this study seeks to provide scientific evidence for formulating targeted public health policies and oral health interventions across regions. Additionally, the study uses predictive models to project ECC burden trends for the coming decades, offering guidance for public health policymakers to effectively control ECC burden, improve global children's oral health, and enhance overall quality of life.



Materials and methods

This study assessed the burden of early childhood caries (ECC) globally and across regions with different SDI levels from 1990 to 2021 using data from the GBD database. A systematic approach was applied to data collection, model estimation, and statistical analysis, as follows:


Data source

Data were sourced from the GBD 2021 database on the Global Health Data Exchange platform (GHDx), covering ECC epidemiological data from 1990 to 2021 for 204 countries and territories (18). ECC burden was evaluated using metrics such as prevalence, incidence, and years lived with disability (YLDs) across global and SDI regions. Data were stratified by sex (male and female) and age groups (<1 year, 2–4 years, 5–9 years, 10–14 years) and categorized according to SDI levels of different regions and countries.



Case definition and disease model

The case definition for ECC was based on the International Classification of Diseases, 10th Revision (ICD−10) standard, using code K02.3. The study population included children under five years of age (including those in the 2–4 and 5–9 age groups) with ECC from 1990 to 2021. All disease modeling was conducted using the Bayesian Meta-Regression tool, DisMod-MR, developed under the GBD framework. DisMod-MR is a Bayesian stratified model that synthesizes and estimates data across studies in the absence of direct observational data. This model integrates prevalence, incidence, and burden data from multiple sources, using Monte Carlo simulations to estimate global and regional disease burden, providing 95% uncertainty intervals (UI).



Data analysis and processing


Calculation of epidemiological metrics

The age-standardized prevalence rate, incidence rate, and disability-adjusted life years (DALYs) for ECC were calculated following GBD standardized methods. Descriptive and trend analysis assessed long-term changes in ECC burden at global and regional levels. All analyses used the age-standardized rate (ASR) and EAPC to represent the yearly trends of epidemiological metrics. Countries and regions were divided into five categories by SDI level: low SDI (<0.46), low-middle SDI (0.46–0.60), middle SDI (0.61–0.69), high-middle SDI (0.70–0.81), and high SDI (>0.81), allowing comparisons of ECC burden across development levels.




Analysis of regional disparities and SDI correlation

Regression models were used to examine the relationship between SDI and ECC burden. By calculating the EAPC for each country and region, trends in ECC burden across various SDI levels were analyzed. To further explore the SDI-ECC burden relationship, a generalized additive model (GAM) was used to evaluate ECC burden relative to SDI, with a scatter plot generated for EAPC and SDI.



Prediction model development

An Autoregressive Integrated Moving Average (ARIMA) model was used to estimate ECC burden trends through 2040 at global and SDI-specific levels. Age-standardized prevalence, incidence rates, and YLDs from 1990 to 2021 were used as independent variables, with SDI level as a key covariate. Model estimates were based on 1,000 Monte Carlo simulations, with the 95%UI defined between the 25th and 975th simulations.



Statistical methods

All data analyses were conducted using R software (v4.3.3) following the Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER). Descriptive statistics were used to assess sample characteristics, and EAPC for all epidemiological indicators was calculated using a linear regression model, with statistical significance set at p < 0.05. Sensitivity analyses ensured the robustness and reliability of estimates, and ECC burden trends were visualized with line graphs, heatmaps, and scatter plots for global, regional, and country-specific data.



Ethical considerations

The data used in this study were obtained from the publicly available GBD database, with all data anonymized, thus exempting this study from ethical approval. Additionally, the study adhered to the GBD Study Framework and GATHER guidelines to ensure transparency in data usage, accuracy of results, and reproducibility of methods.




Results


Global incidence and prevalence of dental caries in primary teeth

In 2021, the global incidence and prevalence of dental caries in primary teeth showed slight differences between males and females, with males having a slightly higher incidence rate. Specifically, the age-standardized incidence rate (ASR) for males was 17,921.72 per 100,000 population (95% uncertainty interval: 14,075.56–23,235.69), compared to 17,631.42 per 100,000 for females (95% uncertainty interval=13,833.09–22,759.74). The age-standardized years lived with disability rate (ASYR) was similar between males and females, at 2.90 and 2.87, respectively (Table 1).



TABLE 1 Overview of the incidence, prevalence, and years lived with disability (YLD) rates for deciduous caries by sex globally and in SDI regions in 2021, along with the corresponding age-standardized rates and estimated annual percentage change (EAPC) values.



	SDI level
	2021
	ASR (per 100,000)
	2021
	ASR (per 100,000)
	2021
	ASR (per 100,000)
	EAPC 1990–2021



	Incidence
	Prevalence
	YLDs
	ASIR
	ASPR
	ASYR





	Global



	Both
	1253255083.96 (978655131.44 to 1637292359.08)
	17781.15 (13952.4 to 23035.44)
	524630097.18 (437684569.6 to 611230119.17)
	7548.04 (6290.61 to 8775.83)
	200728.18 (88103.16 to 385501.9)
	2.89 (1.27 to 5.54)
	−0.27% (−0.30% to −0.24%)
	−0.25% (−0.27% to −0.22%)
	−0.24% (−0.26% to −0.22%)



	Female
	601336674.15 (468390011.9 to 783417863.43)
	17631.42 (13833.09 to 22759.74)
	252405818.59 (210638983.01 to 294133095.52)
	7504 (6256.33 to 8722.96)
	96567.52 (42393.37 to 185626.84)
	2.87 (1.26 to 5.51)
	−0.27% (−0.31% to −0.23%)
	−0.24% (−0.27% to −0.22%)
	−0.24% (−0.26% to −0.21%)



	Male
	651918409.81 (509508199.5 to 852356427.2)
	17921.72 (14075.56 to 23235.69)
	272224278.59 (226729241.74 to 316820288.48)
	7589.28 (6313.3 to 8811.21)
	104160.66 (45647.88 to 199875.07)
	2.9 (1.27 to 5.56)
	−0.26% (−0.29% to −0.23%)
	−0.25% (−0.28% to −0.23%)
	−0.24% (−0.27% to −0.21%)



	Low SDI



	Both
	268462866.4 (211181817.01 to 337270894.77)
	16807.83 (13200.69 to 21158.83)
	114201376.33 (94671075.08 to 132399780.9)
	7116.18 (5899.87 to 8255.52)
	43561.7 (19564.76 to 83140.18)
	2.71 (1.22 to 5.19)
	−0.58% (−0.66% to −0.51%)
	−0.41% (−0.45% to −0.38%)
	−0.40% (−0.44% to −0.36%)



	Female
	130259142.45 (102153928.48 to 162483293.94)
	16618 (13016.3 to 20759.64)
	55654682 (46186150.23 to 64508592.61)
	7072.57 (5871.01 to 8195.62)
	21231.87 (9662.7 to 40442.02)
	2.7 (1.23 to 5.14)
	−0.57% (−0.66% to −0.49%)
	−0.41% (−0.44% to −0.37%)
	−0.39% (−0.43% to −0.36%)



	Male
	138203723.95 (108487036.33 to 175231238.3)
	16991.4 (13321.36 to 21615.57)
	58546694.34 (48317481.36 to 68040748.92)
	7158.03 (5903.72 to 8319.98)
	22329.82 (9895.33 to 42769.77)
	2.73 (1.21 to 5.24)
	−0.59% (−0.68% to −0.51%)
	−0.42% (−0.47% to −0.37%)
	−0.40% (−0.46% to −0.35%)



	Low-middle SDI



	Both
	347437185.3 (270686475.18 to 441126496.47)
	17293.08 (13537.65 to 21823.29)
	145612625.77 (120572398.79 to 169096002.68)
	7340.64 (6072.71 to 8511.13)
	55673.35 (25189.55 to 106976.17)
	2.81 (1.27 to 5.39)
	−0.38% (−0.42% to −0.33%)
	−0.31% (−0.34% to −0.27%)
	−0.29% (−0.32% to −0.26%)



	Female
	167178499.9 (129530769.47 to 212685730.66)
	17153.23 (13358.41 to 21689.37)
	69998227 (57991444.88 to 81236625.19)
	7272.36 (6022.29 to 8442.64)
	26773.41 (12098.5 to 51435.02)
	2.78 (1.26 to 5.34)
	−0.39% (−0.45% to −0.34%)
	−0.31% (−0.34% to −0.28%)
	−0.29% (−0.32% to −0.26%)



	Male
	180258685.39 (140946492.78 to 229885415.12)
	17424.95 (13677.48 to 21963.79)
	75614398.78 (62530786.42 to 87951029.98)
	7404.87 (6117.39 to 8610.66)
	28899.94 (13059 to 55572.72)
	2.83 (1.28 to 5.44)
	−0.36% (−0.42% to −0.31%)
	−0.31% (−0.35% to −0.27%)
	−0.29% (−0.33% to −0.25%)



	Middle SDI



	Both
	375160882.52 (287550074.2 to 507765420.45)
	18716.08 (14560.23 to 24984.64)
	161792754.78 (136502510.34 to 188810906.08)
	8267.38 (6978.71 to 9613.96)
	61977.9 (26913.53 to 118731.57)
	3.17 (1.38 to 6.05)
	−0.09% (−0.13% to −0.06%)
	−0.06% (−0.07% to −0.05%)
	−0.05% (−0.06% to −0.04%)



	Female
	178587274.36 (137488923.15 to 240098712.61)
	18579.89 (14463.94 to 24655.29)
	77487547.22 (65316884.7 to 90233820)
	8256.83 (6968.1 to 9579.56)
	29668.35 (12952.74 to 56636.13)
	3.16 (1.38 to 6.02)
	−0.09% (−0.12% to −0.05%)
	−0.05% (−0.06% to −0.04%)
	−0.04% (−0.05% to −0.03%)



	Male
	196573608.17 (149710867.03 to 267585110.59)
	18841.74 (14520.61 to 25288.54)
	84305207.56 (71034838.36 to 98844597.91)
	8277.05 (6981.71 to 9665.41)
	32309.55 (14018.06 to 62130.07)
	3.17 (1.38 to 6.08)
	−0.10% (−0.14% to −0.07%)
	−0.06% (−0.08% to −0.05%)
	−0.05% (−0.07% to −0.04%)



	High-middle SDI



	Both
	160772187.35 (119783532.22 to 223414084.31)
	19383.69 (14609.16 to 26602.53)
	65591744.9 (54050719.15 to 78721334.94)
	8132.91 (6697.29 to 9703.56)
	25156.56 (10771.32 to 49712.73)
	3.12 (1.34 to 6.15)
	−0.07% (−0.08% to −0.06%)
	−0.12% (−0.14% to −0.10%)
	−0.11% (−0.13% to −0.09%)



	Female
	76386674.89 (56603603.49 to 105947306.32)
	19339.12 (14513.54 to 26489.26)
	31258551.96 (25785413.59 to 37472408.75)
	8140.45 (6719.41 to 9686.98)
	11989.45 (5125.43 to 23759.94)
	3.12 (1.35 to 6.17)
	−0.07% (−0.08% to −0.05%)
	−0.11% (−0.13% to −0.09%)
	−0.11% (−0.13% to −0.09%)



	Male
	84385512.46 (63057674.91 to 117466778)
	19424.39 (14587.72 to 26705.9)
	34333192.94 (28264908.32 to 41111099.6)
	8126.06 (6689.93 to 9714.65)
	13167.11 (5648.06 to 25952.8)
	3.12 (1.34 to 6.13)
	−0.08% (−0.09% to −0.06%)
	−0.13% (−0.15% to −0.11%)
	−0.12% (−0.14% to −0.10%)



	High SDI



	Both
	100458883.66 (76316892.82 to 131720471.66)
	16609.59 (12657.62 to 21501.69)
	37012428.38 (30295749.05 to 44709743.75)
	6257.88 (5147.34 to 7530.88)
	14198.15 (5972 to 27949.32)
	2.4 (1.01 to 4.7)
	−0.10% (−0.17% to −0.02%)
	−0.44% (−0.63% to −0.26%)
	−0.44% (−0.63% to −0.25%)



	Female
	48459002.74 (36834819.92 to 63494324.88)
	16457.5 (12606.51 to 21360.53)
	17803286.35 (14626320.7 to 21616168.73)
	6179.6 (5097.34 to 7471.4)
	6826.53 (2882.06 to 13566.03)
	2.37 (1 to 4.69)
	−0.09% (−0.16% to −0.02%)
	−0.40% (−0.59% to −0.21%)
	−0.40% (−0.59% to −0.21%)



	Male
	51999880.92 (39302293.13 to 67947710.99)
	16753.86 (12728.42 to 21665.82)
	19209142.03 (15678403.4 to 23131015.99)
	6332.19 (5202.79 to 7606.65)
	7371.63 (3089.94 to 14383.3)
	2.43 (1.02 to 4.72)
	−0.11% (−0.19% to −0.03%)
	−0.48% (−0.66% to −0.30%)
	−0.48% (−0.66% to −0.29%)




	Values in parentheses represent 95% uncertainty intervals.


	ASIR, age-standardized incidence rate; ASPR, age-standardized prevalence rate; ASYR, age-standardized YLD rate; ASR, age-standardized rate (per 100,000 population); SDI, socio-demographic index.







EAPC data indicate a declining trend in the incidence, prevalence, and ASYR of dental caries in primary teeth from 1990 to 2021. The EAPC for incidence was −0.27% (males −0.26%, females −0.27%), for prevalence it was −0.25% (males −0.25%, females −0.24%), and for ASYR it was −0.24% for both males and females. These data suggest that, although the global burden of dental caries in primary teeth has decreased, the reduction has been modest.



Differences in dental caries in primary teeth across SDI regions

Significant differences were observed in the epidemiology of dental caries in primary teeth across different SDI regions:


Low SDI region

The incidence rate and ASYR were relatively low in low SDI regions, but the EAPC showed a significant decline, particularly in males, whose incidence rate declined by −0.59%. This suggests that, despite limited resources, some effective interventions were implemented to control dental caries in primary teeth in these regions.



Medium SDI region

Medium SDI regions (including low-middle and medium SDI) showed higher incidence and prevalence rates, with relatively stable EAPC changes. In the low-middle SDI region, the ASR for males was 17,424.95 per 100,000, compared to 17,153.23 per 100,000 for females. This indicates a continued challenge in managing dental caries effectively in medium SDI regions.



High SDI region

High SDI regions had the lowest burden of dental caries in primary teeth, with both incidence and prevalence rates significantly lower than those in other regions. The EAPC for ASYR was −0.44%, indicating significant success in controlling dental caries in these regions through effective public health interventions.




Sex differences

The incidence and prevalence rates of dental caries in primary teeth were generally higher in males compared to females, although the ASYR showed no significant sex difference. This disparity may be attributed to differences in caries pathogenesis, dietary habits, and oral hygiene practices between males and females, which require further investigation to elucidate potential mechanisms.



Age and sex characteristics of dental caries in primary teeth


Incidence

The incidence of dental caries in primary teeth increased markedly among children aged 2–9 years, peaking at ages 5–9. This peak may be associated with the complete eruption of primary teeth and challenges in maintaining oral hygiene during this period. Data showed that the incidence rate was slightly higher in males than in females, suggesting subtle sex-related differences in oral health behaviors or exposure to risk factors (Figure 1A).


[image: Three line graphs labeled A, B, and C show incidence, prevalence, and YLDs rates by age group and sex. Graph A indicates higher incidence rates in ages five to nine, especially for males. Graph B shows prevalence peaking in the same age group, with males leading. Graph C shows YLDs rates with a peak at two to four years, again highest for males. Both sexes are compared, with legends showing red for both, green for females, and blue for males.]
FIGURE 1
The incidence (A), prevalence (B), and ASYR (C) of dental caries in primary teeth according to age and sex in 2021.




Prevalence

The prevalence of dental caries followed a similar pattern to incidence, increasing significantly between ages 2 and 9 and peaking at ages 5–9, then declining in the 10–14 age group. This indicates that the peak burden of dental caries occurs during the preschool and early school years, likely influenced by changing dietary habits and lower compliance with oral hygiene practices. Additionally, the prevalence was consistently higher in males, reinforcing the trend observed in incidence (Figure 1B).



ASYR

The ASYR peaked among children aged 2–4 years and gradually declined between ages 5 and 14. Notably, ASYR was higher in males across all age groups, with the greatest difference seen in the 5–9 age group. This difference may be attributed to male behavioral factors, such as less frequent oral hygiene practices or poorer dietary choices (Figure 1C).

The incidence, prevalence, and ASYR of dental caries in primary teeth showed significant differences across age groups and sex. Ages 2–9 were the most burdened, particularly the 5–9 age group, which should be a focal point for public health interventions aimed at reducing the burden of dental caries in this population. Sex differences should also be taken into consideration when formulating policies, including health education and preventive measures specifically targeting boys to improve oral health behaviors.




Trends in dental caries in primary teeth across SDI regions


Age-standardized incidence rate

The incidence rate showed significant variation across SDI levels, with an initial increase followed by a decrease. As the SDI increased, the incidence rate peaked in medium SDI regions and then slightly declined, reflecting greater susceptibility to dental caries in medium SDI regions due to socio-economic conditions. High SDI regions benefited from improved oral health measures and awareness, resulting in lower incidence rates (Figure 2A).


[image: Three scatter plots display trends in age-standardized rates versus Socio-Demographic Index from 1990 to 2020 across various global locations. Panel A shows incidence rates, Panel B shows prevalence rates, and Panel C shows YLD rates. Data points are color- and shape-coded by region and year, according to the legend on the right. Trend lines illustrate the overall patterns.]
FIGURE 2
Illustrates that high-income Asia-Pacific and Western Europe generally have lower rates, whereas central and east Asia display higher rates. (A) Age-standardized incidence, (B) prevalence, and (C) YLD rates of oral disorders across the socio-demographic index (SDI).




Age-standardized prevalence rate

The prevalence rate followed a similar trend to the incidence rate, peaking in medium SDI regions before declining. Medium SDI regions still face challenges in caries prevention, highlighting gaps in public health infrastructure (Figure 2B).



Age-standardized YLD rate

The ASYR was higher in low and medium SDI regions and gradually decreased in high SDI regions, indicating that socio-economic development helps reduce the long-term disease burden of dental caries (Figure 2C).




Epidemiological differences across regions and sex


Central Asia and East Asia

Both regions had relatively high incidence and prevalence rates. The ASR for Central Asia was 20,660.8 per 100,000, while in East Asia it was 19,535.58 per 100,000. However, East Asia showed a slightly lower ASYR, indicating some progress in disease management. Notably, East Asia exhibited a slight increase in incidence (EAPC of 0.09%) but a decline in prevalence (EAPC of −0.09%), reflecting mixed progress (Table 2).



TABLE 2 An overview of the incidence, prevalence, and years lived with disability (YLD) rates for deciduous caries by sex in regions in 2021, along with the corresponding age-standardized rates and estimated annual percentage change (EAPC) values.



	Area
	2021
	ASR (per 100,000)
	2021
	ASR (per 100,000)
	2021
	ASR (per 100,000)
	EAPC 1990–2021



	Incidence
	Prevalence
	YLDs
	ASIR
	ASPR
	ASYR





	Central Asia



	Both
	20073775.69 (14853259.47 to 28006955.22)
	20660.8 (15171.16 to 29103.16)
	8783221.52 (7330690.11 to 10474578.2)
	8950.71 (7456.7 to 10685.24)
	3358.41 (1454.07 to 6601.42)
	3.42 (1.48 to 6.73)
	−0.01% (−0.01% to 0.00%)
	0.00% (−0.01% to 0.01%)
	0.01% (0.00% to 0.02%)



	Female
	9650084.88 (7099737.33 to 13457837.98)
	20603.69 (15075.43 to 29002.5)
	4254646.37 (3539008.24 to 5095929.99)
	8996.69 (7467.26 to 10798.11)
	1625.21 (703.08 to 3201.35)
	3.44 (1.49 to 6.77)
	−0.01% (−0.02% to 0.00%)
	0.00% (−0.01% to 0.01%)
	0.01% (0.00% to 0.02%)



	Male
	10423690.8 (7706131.94 to 14549117.24)
	20713.93 (15210.33 to 29196.81)
	4528575.15 (3778688.11 to 5396324.54)
	8907.92 (7427.39 to 10639.18)
	1733.2 (745.16 to 3431.86)
	3.41 (1.47 to 6.76)
	0.00% (−0.01% to 0.01%)
	−0.01% (−0.02% to 0.01%)
	0.01% (−0.01% to 0.02%)



	East Asia



	Both
	191229653.59 (143726443.6 to 259783009.99)
	19535.58 (14782.72 to 26418.79)
	80092912.56 (66473914.81 to 94914838.16)
	8371.49 (6968.42 to 9868.18)
	30730.82 (13288.75 to 61033.93)
	3.21 (1.39 to 6.37)
	0.09% (0.06% to 0.11%)
	−0.09% (−0.13% to −0.05%)
	−0.08% (−0.12% to −0.05%)



	Female
	89465219.72 (67614135.38 to 121706452.53)
	19548.95 (14872.12 to 26472.59)
	37645677.97 (31293821.88 to 44334285.82)
	8426.12 (7019.76 to 9897.1)
	14442.97 (6272.79 to 28580.05)
	3.23 (1.41 to 6.39)
	0.11% (0.09% to 0.13%)
	−0.07% (−0.11% to −0.03%)
	−0.07% (−0.11% to −0.03%)



	Male
	101764433.87 (76258719.4 to 138228080.67)
	19524.28 (14721.43 to 26371.72)
	42447234.59 (35202287.2 to 50641236.17)
	8323.8 (6907.91 to 9871.25)
	16287.86 (7031.26 to 32461.65)
	3.19 (1.38 to 6.36)
	0.06% (0.03% to 0.10%)
	−0.10% (−0.14% to −0.06%)
	−0.09% (−0.13% to −0.06%)



	High-income Asia Pacific



	Both
	13991082.23 (10968936.92 to 18085864.12)
	17734.54 (14055.47 to 22399.67)
	4987696.85 (4181536.37 to 5768841.47)
	6583.77 (5538.7 to 7585.11)
	1916.13 (854.66 to 3598.92)
	2.53 (1.13 to 4.71)
	−0.24% (−0.29% to −0.19%)
	−1.10% (−1.20% to −0.99%)
	−1.09% (−1.19% to −0.98%)



	Female
	6835398.6 (5356326.99 to 8783438.47)
	17767.39 (14113.17 to 22369.14)
	2413189.22 (2030314.55 to 2799655.92)
	6530.76 (5482.19 to 7555.85)
	927.14 (413.36 to 1745.58)
	2.51 (1.13 to 4.68)
	−0.22% (−0.27% to −0.17%)
	−1.11% (−1.20% to −1.02%)
	−1.10% (−1.19% to −1.01%)



	Male
	7155683.64 (5573018.48 to 9279840.99)
	17703.32 (13982.67 to 22467.19)
	2574507.63 (2162064.23 to 2970103.37)
	6634.19 (5587.11 to 7624.18)
	989 (442.26 to 1853.34)
	2.55 (1.14 to 4.76)
	−0.26% (−0.32% to −0.20%)
	−1.09% (−1.21% to −0.97%)
	−1.07% (−1.19% to −0.96%)



	South Asia



	Both
	306228969.49 (237842531.77 to 400194289.08)
	17488.24 (13708.08 to 22367.38)
	131969022.17 (109996813.71 to 152944235.86)
	7743.24 (6450.26 to 8999.56)
	50409.43 (22618.99 to 96805.74)
	2.96 (1.33 to 5.65)
	−0.36% (−0.41% to −0.31%)
	−0.23% (−0.28% to −0.18%)
	−0.21% (−0.26% to −0.16%)



	Female
	143552718.8 (111560054.71 to 184302641.11)
	17129.45 (13404.39 to 21731.64)
	62203604.22 (51715024.01 to 71947957.26)
	7611.84 (6325.61 to 8809.85)
	23768.21 (10672.49 to 45799.2)
	2.91 (1.3 to 5.58)
	−0.38% (−0.44% to −0.32%)
	−0.23% (−0.28% to −0.19%)
	−0.22% (−0.27% to −0.17%)



	Male
	162676250.69 (125429772.5 to 213732608.88)
	17818.25 (13926.2 to 22908.35)
	69765417.96 (58061172.08 to 81101867.55)
	7863.97 (6569.35 to 9100.68)
	26641.22 (11993.59 to 51006.55)
	3 (1.34 to 5.72)
	−0.33% (−0.39% to −0.27%)
	−0.22% (−0.28% to −0.17%)
	−0.20% (−0.26% to −0.15%)



	Southeast Asia



	Both
	122523198.04 (90614550.47 to 178330864.89)
	20366.78 (15172.99 to 29250.65)
	52482821.31 (43544138.38 to 62496935.94)
	8898.23 (7377.69 to 10547.34)
	20102.07 (8637.67 to 39940.89)
	3.41 (1.47 to 6.76)
	0.01% (0.00% to 0.03%)
	−0.16% (−0.18% to −0.13%)
	−0.14% (−0.17% to −0.12%)



	Female
	59491491.94 (43891887.14 to 86516137.1)
	20368.45 (15156.35 to 29229.7)
	25481527.47 (21175768.27 to 30270422.51)
	8899.14 (7413.65 to 10532.31)
	9756.63 (4171.91 to 19475.8)
	3.41 (1.46 to 6.79)
	0.02% (0.00% to 0.03%)
	−0.16% (−0.18% to −0.13%)
	−0.14% (−0.17% to −0.12%)



	Male
	63031706.1 (46663817.74 to 91814727.79)
	20365.21 (15189.88 to 29270.43)
	27001293.84 (22390633.95 to 32137871.8)
	8897.37 (7373.07 to 10530.04)
	10345.44 (4465.77 to 20465.09)
	3.41 (1.47 to 6.73)
	0.01% (0.00% to 0.02%)
	−0.16% (−0.19% to −0.13%)
	−0.14% (−0.17% to −0.12%)



	Australasia



	Both
	4204976.97 (2982422.95 to 5271102.07)
	20188.03 (14372.51 to 25108.85)
	1644455.61 (1382283.77 to 1883117.32)
	8145.16 (6853.38 to 9346.44)
	629.05 (268.82 to 1261.97)
	3.12 (1.33 to 6.27)
	0.01% (−0.51% to 0.53%)
	0.85% (0.33% to 1.36%)
	0.85% (0.33% to 1.36%)



	Female
	2055374.49 (1422878.37 to 2574303.8)
	20316.7 (14215.68 to 25304.76)
	786942.18 (653190.65 to 904635.96)
	8019.66 (6644.12 to 9218.18)
	300.81 (129.17 to 604.77)
	3.07 (1.31 to 6.16)
	0.04% (−0.49% to 0.57%)
	0.86% (0.34% to 1.39%)
	0.87% (0.34% to 1.40%)



	Male
	2149602.48 (1527149.31 to 2707093.74)
	20066.18 (14388.56 to 25117.95)
	857513.43 (714072.16 to 980269.24)
	8263.79 (6861.55 to 9478.77)
	328.24 (139.97 to 651.71)
	3.16 (1.35 to 6.29)
	−0.02% (−0.54% to 0.50%)
	0.83% (0.33% to 1.34%)
	0.83% (0.32% to 1.33%)



	Oceania



	Both
	3529853.23 (2584907.12 to 4942758.98)
	20143.55 (14576.93 to 28580.36)
	1596400.12 (1308960.7 to 1901283.03)
	8914.78 (7279.21 to 10654.73)
	609.77 (263.87 to 1228.79)
	3.41 (1.47 to 6.87)
	0.10% (0.07% to 0.14%)
	−0.13% (−0.17% to −0.09%)
	−0.12% (−0.16% to −0.08%)



	Female
	1669615.72 (1210372.32 to 2334728.56)
	19966.1 (14308.1 to 28332.52)
	766817.48 (625604.22 to 912375.15)
	8970.32 (7277.6 to 10747.4)
	293.11 (127.42 to 597.84)
	3.43 (1.49 to 7.01)
	0.08% (0.05% to 0.11%)
	−0.12% (−0.16% to −0.08%)
	−0.11% (−0.15% to −0.08%)



	Male
	1860237.51 (1361529.05 to 2660807.86)
	20304.48 (14717.89 to 29383.01)
	829582.64 (671020.63 to 996876.87)
	8864.06 (7181 to 10688)
	316.66 (134.2 to 626.39)
	3.38 (1.43 to 6.69)
	0.13% (0.09% to 0.16%)
	−0.14% (−0.19% to −0.09%)
	−0.13% (−0.18% to −0.08%)



	Central Europe



	Both
	12389586.77 (8979650.36 to 18026422.74)
	20299.17 (14961.56 to 28722.79)
	5297643.75 (4368234.51 to 6294003.37)
	8918.16 (7373.69 to 10550.01)
	2036.37 (869.83 to 3917.35)
	3.43 (1.47 to 6.58)
	−0.32% (−0.39% to −0.25%)
	−0.43% (−0.49% to −0.38%)
	−0.42% (−0.48% to −0.36%)



	Female
	5964265.22 (4373564.75 to 8604281.45)
	20152.74 (14992.02 to 28333.91)
	2551032.82 (2100023.26 to 3040754.79)
	8844.4 (7291.72 to 10472.38)
	980.69 (417.43 to 1902.63)
	3.4 (1.45 to 6.59)
	−0.32% (−0.39% to −0.25%)
	−0.45% (−0.51% to −0.39%)
	−0.44% (−0.50% to −0.38%)



	Male
	6425321.56 (4598132.31 to 9422141.28)
	20436.96 (14864.99 to 29087.97)
	2746610.93 (2268044.92 to 3245867.54)
	8987.88 (7451.22 to 10559.42)
	1055.68 (450.7 to 2034.41)
	3.45 (1.48 to 6.65)
	−0.31% (−0.38% to −0.24%)
	−0.42% (−0.47% to −0.36%)
	−0.40% (−0.45% to −0.35%)



	Eastern Europe



	Both
	26420072.56 (19463536.58 to 38044622.29)
	20737.53 (15,482.44 to 29,309.72)
	10,758,608.27 (8,970,359.02 to 12,840,777.36)
	8,931.26 (7,458.36 to 10,556.61)
	4,133.36 (1,755.68 to 7,897.46)
	3.43 (1.47 to 6.55)
	−0.01% (−0.02% to 0.01%)
	0.04% (0.00% to 0.07%)
	0.05% (0.01% to 0.09%)



	Female
	12,854,157.11 (9,466,605.28 to 18,456,066.12)
	20,733.59 (15,546.09 to 29,161.14)
	5,219,161.54 (4,347,229.78 to 6,209,934.48)
	8,903.93 (7,435.93 to 10,519.66)
	2,004.84 (856.02 to 3,855.6)
	3.42 (1.48 to 6.56)
	−0.01% (−0.02% to −0.01%)
	0.03% (−0.01% to 0.06%)
	0.04% (0.00% to 0.08%)



	Male
	13,565,915.45 (9,984,190.17 to 19,593,521.93)
	20,741.24 (15,524.45 to 29,393.07)
	5,539,446.73 (4,596,388.96 to 6,619,245.56)
	8,957.14 (7,442.75 to 10,600.27)
	2,128.51 (899.84 to 4,043.09)
	3.44 (1.47 to 6.54)
	0.00% (−0.02% to 0.02%)
	0.05% (0.01% to 0.08%)
	0.06% (0.02% to 0.10%)



	Western Europe



	Both
	33,251,890.96 (24,176,813.95 to 45,855,904.25)
	13,957.99 (10,274.55 to 18,969.05)
	11,321,247.63 (8,883,702.31 to 14,453,635.76)
	4,838.87 (3,811.14 to 6,135.47)
	4,341.56 (1,829.32 to 8,786.57)
	1.86 (0.78 to 3.76)
	−0.30% (−0.41% to −0.19%)
	−0.76% (−0.92% to −0.59%)
	−0.75% (−0.92% to −0.58%)



	Female
	15,791,094.43 (11,605,095.52 to 21,921,710.31)
	13,605.73 (10,128.31 to 18,622.22)
	5,396,179.85 (4,186,382.36 to 6,890,611.48)
	4,732.05 (3,705.56 to 5,992.64)
	2,067.6 (881.43 to 4,153.93)
	1.81 (0.77 to 3.65)
	−0.29% (−0.40% to −0.18%)
	−0.74% (−0.91% to −0.58%)
	−0.74% (−0.91% to −0.57%)



	Male
	17,460,796.53 (12,525,795.87 to 23,872,715.39)
	14,292.66 (10,400.64 to 19,298.49)
	5,925,067.78 (4,655,834.72 to 7,555,146.8)
	4,940.41 (3,892.91 to 6,257.5)
	2,273.96 (947.85 to 4,593.02)
	1.9 (0.79 to 3.83)
	−0.30% (−0.42% to −0.19%)
	−0.76% (−0.93% to −0.60%)
	−0.76% (−0.93% to −0.60%)



	Andean Latin America



	Both
	11,903,981.52 (9,089,490.76 to 15,459,058.21)
	18,898.13 (14,474.26 to 24,419.09)
	4,929,319.7 (4,095,778.94 to 5,798,201.64)
	7,867.51 (6,534.84 to 9,241.53)
	1,885.71 (804.96 to 3,670.15)
	3.01 (1.29 to 5.85)
	0.14% (0.10% to 0.17%)
	−0.31% (−0.34% to −0.28%)
	−0.30% (−0.34% to −0.27%)



	Female
	5,588,347.78 (4,293,219.7 to 7,050,684.83)
	18,296.03 (14,068.69 to 23,028.07)
	2,375,919.94 (1,975,300.27 to 2,793,887.73)
	7,810.33 (6,492.94 to 9,186.68)
	907.95 (393.23 to 1,749.18)
	2.98 (1.29 to 5.75)
	0.12% (0.06% to 0.17%)
	−0.30% (−0.33% to −0.27%)
	−0.30% (−0.33% to −0.26%)



	Male
	6,315,633.74 (4,603,395.22 to 8,311,305.95)
	19,461.78 (14,233.12 to 25,481.59)
	2,553,399.76 (2,110,327.33 to 3,021,017.95)
	7,921.56 (6,556.59 to 9,356.31)
	977.75 (417.2 to 1,937.78)
	3.03 (1.3 to 6.01)
	0.15% (0.12% to 0.19%)
	−0.32% (−0.35% to −0.28%)
	−0.31% (−0.34% to −0.27%)



	Central Latin America



	Both
	38,440,509.78 (29,951,191.05 to 48,192,702.86)
	17,455.34 (13,711.31 to 21,568.7)
	15,457,774.94 (12,878,285.07 to 18,043,270.58)
	7,150.59 (5,944.43 to 8,312.18)
	5,937.27 (2,662.92 to 11,277.06)
	2.75 (1.23 to 5.2)
	−0.24% (−0.32% to −0.17%)
	0.09% (0.03% to 0.14%)
	0.09% (0.04% to 0.15%)



	Female
	18,739,531.36 (14,557,234.9 to 23,345,377.72)
	17,325.9 (13,559.52 to 21,400.87)
	7,591,913.69 (6,321,149.02 to 8,809,711.17)
	7,150.53 (5,969.62 to 8,291.98)
	2,915.27 (1,303.57 to 5,564.77)
	2.75 (1.23 to 5.22)
	−0.24% (−0.32% to −0.17%)
	0.08% (0.02% to 0.14%)
	0.09% (0.03% to 0.15%)



	Male
	19,700,978.43 (15,385,752.98 to 24,878,713.94)
	17,580.41 (13,808.67 to 22,003.01)
	7,865,861.25 (6,526,995.33 to 9,301,775.94)
	7,150.65 (5,925.09 to 8,425.2)
	3,022 (1,338.08 to 5,714.68)
	2.75 (1.22 to 5.18)
	−0.24% (−0.32% to −0.17%)
	0.09% (0.04% to 0.13%)
	0.10% (0.05% to 0.15%)



	High-income North America



	Both
	38,535,114.53 (27,410,640.43 to 49,145,560.96)
	17,066.19 (12,243.34 to 21,614.06)
	13,548,913.22 (10,672,124.85 to 16,657,394.08)
	6,131.77 (4,836.37 to 7,495.01)
	5,193.42 (2,152.75 to 10,123.94)
	2.35 (0.98 to 4.58)
	0.27% (0.14% to 0.41%)
	0.21% (−0.16% to 0.58%)
	0.20% (−0.16% to 0.57%)



	Female
	18,693,997.54 (13,282,422.86 to 23,863,080.79)
	16,932.96 (12,109.06 to 21,501.03)
	6,510,680.28 (5,114,767.62 to 8,019,184.07)
	6,022.93 (4,765.24 to 7,378.87)
	2,495.78 (1,041.4 to 4,829.96)
	2.31 (0.97 to 4.47)
	0.29% (0.15% to 0.43%)
	0.25% (−0.11% to 0.62%)
	0.25% (−0.11% to 0.61%)



	Male
	19,841,116.99 (14,192,927.32 to 25,458,855.85)
	17,193.55 (12,406.91 to 21,839.56)
	7,038,232.94 (5,557,428.02 to 8,603,688.15)
	6,235.81 (4,919.65 to 7,587.98)
	2,697.65 (1,117.4 to 5,293.98)
	2.39 (0.99 to 4.69)
	0.26% (0.12% to 0.39%)
	0.16% (−0.21% to 0.54%)
	0.16% (−0.21% to 0.53%)



	Southern Latin America



	Both
	9,840,834.32 (6,991,458.46 to 13,655,068.08)
	18,955.35 (13,692.37 to 25,968.34)
	3,723,136.03 (2,929,915.61 to 4,674,994.91)
	7,412.4 (5,884.43 to 9,239.84)
	1,429.34 (583.93 to 2,864.38)
	2.85 (1.18 to 5.71)
	−0.02% (−0.07% to 0.04%)
	−0.05% (−0.15% to 0.05%)
	−0.05% (−0.14% to 0.05%)



	Female
	4,782,570.99 (3,335,208.29 to 6,538,634.3)
	18,804.86 (13,335.22 to 25,406.67)
	1,788,759.49 (1,393,920.15 to 2,247,935.7)
	7,264.37 (5,725.66 to 9,046.48)
	686.38 (285.92 to 1,356.2)
	2.79 (1.17 to 5.53)
	−0.06% (−0.10% to −0.01%)
	−0.07% (−0.17% to 0.03%)
	−0.07% (−0.17% to 0.03%)



	Male
	5,058,263.33 (3,578,361.19 to 7,200,053.44)
	19,099.99 (13,710.01 to 26,629.2)
	1,934,376.54 (1,542,035.29 to 2,435,924.73)
	7,554.34 (6,018.62 to 9,424.26)
	742.96 (314.2 to 1,466.3)
	2.9 (1.23 to 5.7)
	0.02% (−0.03% to 0.08%)
	−0.03% (−0.13% to 0.06%)
	−0.03% (−0.12% to 0.06%)



	Tropical Latin America



	Both
	35,472,271.88 (25,338,048.02 to 51,290,262.16)
	20,346.12 (14,535.28 to 29,159.69)
	13,360,204.43 (10,524,334.69 to 16,327,212.94)
	7,705.41 (6,076.1 to 9,396)
	5,100.87 (2,127.35 to 10,357.34)
	2.94 (1.23 to 5.97)
	0.15% (0.03% to 0.27%)
	0.03% (−0.09% to 0.14%)
	0.04% (−0.08% to 0.15%)



	Female
	17,380,123.16 (12,369,037.67 to 25,295,327.19)
	20,380.89 (14,571.32 to 29,333.15)
	6,513,273.02 (5,140,386.68 to 7,937,000.23)
	7,684.21 (6,068.59 to 9,342.41)
	2,484.08 (1,025.31 to 5,049.01)
	2.93 (1.21 to 5.95)
	0.14% (0.01% to 0.26%)
	0.01% (−0.10% to 0.13%)
	0.02% (−0.09% to 0.14%)



	Male
	18,092,148.72 (12,861,526.55 to 26,146,825.07)
	20,312.72 (14,522.25 to 29,109.46)
	6,846,931.41 (5,381,232.78 to 8,352,752.74)
	7,725.66 (6,075.26 to 9,414.17)
	2,616.79 (1,088.95 to 5,256.5)
	2.95 (1.23 to 5.93)
	0.16% (0.05% to 0.27%)
	0.04% (−0.08% to 0.15%)
	0.05% (−0.07% to 0.16%)



	Caribbean



	Both
	6,900,574.05 (5,333,356.94 to 8,543,403.21)
	17,357.91 (13,436.75 to 21,465.21)
	3,061,941.47 (2,579,575.9 to 3,549,705.13)
	7,760.8 (6,539.68 to 8,983.62)
	1,172.18 (530.34 to 2,312.3)
	2.97 (1.35 to 5.87)
	−0.12% (−0.21% to −0.03%)
	−0.10% (−0.14% to −0.06%)
	−0.09% (−0.13% to −0.05%)



	Female
	3,376,209.08 (2,601,689.99 to 4,197,217.1)
	17,299.81 (13,371.8 to 21,420.72)
	1,502,921.96 (1,269,288.8 to 1,741,231.98)
	7,762.29 (6,554.75 to 8,981.11)
	574.31 (259.54 to 1,133.48)
	2.97 (1.34 to 5.86)
	−0.15% (−0.26% to −0.04%)
	−0.11% (−0.15% to −0.06%)
	−0.10% (−0.14% to −0.05%)



	Male
	3,524,364.98 (2,719,435.88 to 4,366,221.73)
	17,414.07 (13,489.34 to 21,518.84)
	1,559,019.51 (1,319,359.47 to 1,797,583.79)
	7,759.36 (6,560.88 to 8,941)
	597.87 (271.03 to 1,183.76)
	2.98 (1.35 to 5.89)
	−0.09% (−0.18% to 0.00%)
	−0.10% (−0.14% to −0.06%)
	−0.08% (−0.12% to −0.04%)



	North Africa and Middle East



	Both
	104,324,034.12 (80,198,383.83 to 129,932,689.1)
	16,170.92 (12,510.74 to 20,082.24)
	47,656,406.08 (39,924,948.59 to 55,589,059.04)
	7,446.43 (6,242.55 to 8,668.07)
	18,258.4 (8,393.62 to 35,367)
	2.85 (1.31 to 5.52)
	−0.78% (−0.89% to −0.68%)
	−0.25% (−0.28% to −0.22%)
	−0.24% (−0.28% to −0.21%)



	Female
	51,040,341.78 (39,027,772.41 to 63,471,537.64)
	16,313.87 (12,547.6 to 20,230.55)
	23,373,384.98 (19,626,502.12 to 27,471,455.77)
	7,527.96 (6,330.93 to 8,854.44)
	8,953.87 (4,078.01 to 17,413.52)
	2.88 (1.31 to 5.6)
	−0.76% (−0.88% to −0.64%)
	−0.20% (−0.22% to −0.18%)
	−0.20% (−0.22% to −0.18%)



	Male
	53,283,692.34 (41,265,628.65 to 66,402,965.06)
	16,036.39 (12,452.36 to 19,915.97)
	24,283,021.1 (20,324,945.18 to 28,094,735.73)
	7,369.71 (6,163.86 to 8,503.72)
	9,304.52 (4,208.36 to 17,944.47)
	2.82 (1.27 to 5.44)
	−0.81% (−0.93% to −0.69%)
	−0.29% (−0.34% to −0.25%)
	−0.29% (−0.33% to −0.24%)



	Central Sub-Saharan Africa



	Both
	28,086,483.83 (18,578,865.77 to 37,440,315.91)
	13,581.43 (8,982.29 to 18,153.81)
	12,096,947.77 (9,024,829.07 to 15,066,625.78)
	5,836.05 (4,359.13 to 7,266.19)
	4,622.45 (2,037.25 to 9,551.27)
	2.23 (0.98 to 4.61)
	−1.23% (−1.39% to −1.08%)
	−0.92% (−1.04% to −0.80%)
	−0.91% (−1.03% to −0.79%)



	Female
	13,793,148.6 (9,085,477.46 to 18,416,739.77)
	13,493.05 (8,875.53 to 18,026.7)
	5,968,736.05 (4,445,303.39 to 7,537,208.2)
	5,828.53 (4,345.19 to 7,360.73)
	2,282.29 (969.91 to 4,644.87)
	2.23 (0.95 to 4.54)
	−1.21% (−1.42% to −0.99%)
	−0.93% (−1.09% to −0.77%)
	−0.92% (−1.08% to −0.76%)



	Male
	14,293,335.23 (9,545,247.07 to 19,086,257.93)
	13,668.02 (9,138.44 to 18,251.45)
	6,128,211.72 (4,536,434.2 to 7,566,354.11)
	5,843.35 (4,334.23 to 7,219.71)
	2,340.17 (1,037.7 to 4,932.74)
	2.23 (0.99 to 4.7)
	−1.25% (−1.47% to −1.04%)
	−0.91% (−1.09% to −0.74%)
	−0.90% (−1.07% to −0.72%)



	Eastern Sub-Saharan Africa



	Both
	104,116,834.98 (81,665,739.22 to 131,785,477.05)
	16,818.21 (13,182.33 to 21,313.33)
	43,782,769.2 (36,046,664.25 to 50,567,850.33)
	7,045.12 (5,804.6 to 8,137.05)
	16,708.92 (7,402.48 to 32,571.45)
	2.69 (1.19 to 5.24)
	−0.48% (−0.59% to −0.37%)
	−0.48% (−0.57% to −0.39%)
	−0.46% (−0.55% to −0.37%)



	Female
	50,863,860.73 (39,762,427.74 to 64,779,667.49)
	16,680.53 (13,035.54 to 21,263.49)
	21,259,173.77 (17,607,378.82 to 24,631,866.71)
	6,949.24 (5,755.91 to 8,054.1)
	8,115.12 (3,606.68 to 15,812.27)
	2.65 (1.18 to 5.17)
	−0.46% (−0.58% to −0.34%)
	−0.45% (−0.55% to −0.35%)
	−0.43% (−0.53% to −0.33%)



	Male
	53,252,974.25 (41,860,275.46 to 67,220,733.76)
	16,951.73 (13,307.33 to 21,421.43)
	22,523,595.43 (18,544,085.99 to 25,982,680.33)
	7,137.93 (5,878.47 to 8,227.02)
	8,593.8 (3,783.25 to 16,724.62)
	2.72 (1.2 to 5.3)
	−0.50% (−0.62% to −0.38%)
	−0.51% (−0.60% to −0.42%)
	−0.49% (−0.58% to −0.40%)



	Southern Sub-Saharan Africa



	Both
	15,319,127.79 (11,308,422.05 to 19,692,964.04)
	18,238.4 (13,484.31 to 23,381.99)
	5,783,521.12 (4,539,832.65 to 7,229,862.75)
	6,959.22 (5,477.83 to 8,688.31)
	2,212.56 (928.19 to 4,402)
	2.66 (1.12 to 5.3)
	0.19% (0.14% to 0.24%)
	0.39% (0.26% to 0.52%)
	0.40% (0.26% to 0.53%)



	Female
	7,484,323.18 (5,665,394.14 to 9,407,462)
	17,976.83 (13,641.19 to 22,535.98)
	2,862,755.17 (2,249,681.84 to 3,565,883.01)
	6,951.11 (5,472.5 to 8,648.31)
	1,095.6 (460.26 to 2,178.87)
	2.66 (1.12 to 5.3)
	0.19% (0.13% to 0.24%)
	0.38% (0.24% to 0.52%)
	0.39% (0.25% to 0.53%)



	Male
	7,834,804.61 (5,668,600.55 to 10,361,486.11)
	18,495.6 (13,397.99 to 24,381.4)
	2,920,765.95 (2,288,141.34 to 3,666,685.99)
	6,967.22 (5,464.84 to 8,728.87)
	1,116.96 (465.3 to 2,218.55)
	2.66 (1.11 to 5.3)
	0.20% (0.15% to 0.25%)
	0.40% (0.27% to 0.53%)
	0.40% (0.28% to 0.53%)



	Western Sub-Saharan Africa



	Both
	126,472,257.62 (96,989,928.73 to 160,153,636.42)
	16,945.19 (12,928.71 to 21,594.67)
	52,295,133.43 (41,821,168.95 to 62,995,112.61)
	6,924.38 (5,539.39 to 8,340.24)
	19,940.07 (8,483.52 to 38,806.63)
	2.64 (1.12 to 5.13)
	−0.37% (−0.44% to −0.31%)
	0.05% (−0.03% to 0.13%)
	0.06% (−0.02% to 0.14%)



	Female
	62,264,799.04 (47,852,531.21 to 78,807,212.27)
	16,811.85 (12,883.01 to 21,357.34)
	25,939,521.12 (20,827,411.62 to 31,209,652)
	6,934.17 (5,570.28 to 8,349.42)
	9,889.68 (4,226.84 to 19,187.43)
	2.64 (1.13 to 5.13)
	−0.34% (−0.41% to −0.27%)
	0.02% (−0.06% to 0.11%)
	0.04% (−0.05% to 0.12%)



	Male
	64,207,458.58 (48,883,566.25 to 81,655,542.28)
	17,078.61 (12,927.55 to 21,892.34)
	26,355,612.31 (21,031,016.74 to 31,759,092.22)
	6,914.97 (5,512.85 to 8,343.31)
	10,050.39 (4,256.68 to 19,626.53)
	2.64 (1.12 to 5.14)
	−0.41% (−0.47% to −0.34%)
	0.07% (−0.01% to 0.15%)
	0.09% (0.01% to 0.17%)




	Values in parentheses represent 95% uncertainty intervals.


	ASIR, age-standardized incidence rate; ASPR, age-standardized prevalence rate; ASYR, age-standardized YLD rate; ASR, age-standardized rate (per 100,000 population).









High-income Asia-Pacific and Western Europe

These regions showed the lowest burden of dental caries, with incidence and prevalence rates significantly lower than in other regions. The declining EAPC for these regions indicates effective and sustained public health measures.



South Asia and sub-Saharan Africa

South Asia and Sub-Saharan Africa had high incidence and ASYR, reflecting deficiencies in oral health services and weak public health infrastructure that hinder effective caries prevention. For example, East Sub-Saharan Africa had a prevalence ASR of 7,045.12 per 100,000, with an ASYR of 2.69.




Sex differences

Across most regions, the incidence and prevalence rates of dental caries in males were consistently slightly higher than those in females. For example, in East Asia, the ASR for males was 19,524.28 per 100,000, compared to 19,548.95 per 100,000 for females, indicating a slight sex disparity. Some regions, such as South Asia and Western Europe, showed a more pronounced decline in EAPC for females, suggesting these areas may focus more on oral health education for female children.



Trends in dental caries in primary teeth from 1990 to 2040


Incidence trend

The global incidence of dental caries in primary teeth decreased from 1990 to 2020. However, predictions beyond 2020 indicate that incidence may rebound, especially in low, medium, and low-middle SDI regions. These regions had large uncertainty intervals, indicating unpredictability in future trends (Figure 3A).
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FIGURE 3
Trends in incidence (A), prevalence (B), and age-standardized years lived with disability (YLD) rate (ASYR) (C) of dental caries in primary teeth from 1990 to 2040, highlighting variations across different socio-demographic index (SDI) regions.




ASYR trend

The ASYR showed a decreasing trend globally, suggesting improvements in treatment and management over the past three decades. However, differences between SDI regions remained, with high SDI regions showing significantly lower ASYR compared to low SDI regions (Figure 3B).



Prevalence trend

The prevalence rate showed a similar decline, especially in high SDI regions. However, the prevalence rate in low, medium, and low-middle SDI regions showed considerable potential fluctuations, possibly related to limited healthcare access and poor oral health infrastructure (Figure 3C).




Overall trends and regional disparities

The results from Figure 3 indicate significant regional disparities in the burden of dental caries in primary teeth. High SDI regions showed significant reductions and lower predicted variations in incidence, prevalence, and ASYR, suggesting that interventions have been effective. In contrast, low and medium SDI regions are predicted to experience more variability and challenges in controlling caries rates.




Discussion

The findings of this study provide important insights into the global burden of dental caries in primary teeth, highlighting significant variations in incidence, prevalence, and ASYR across different SDI regions, age groups, and sexes. These disparities underscore the need for targeted public health strategies to address dental caries in specific populations.

The declining trend in the incidence, prevalence, and ASYR of dental caries in primary teeth from 1990 to 2021, as indicated by the EAPC, suggests a modest improvement in the global burden of this condition. However, the limited reduction highlights the ongoing challenges in preventing and managing dental caries worldwide. The reduction was particularly modest in low and medium SDI regions, where socio-economic factors, inadequate healthcare infrastructure, and limited access to oral health services may hinder effective prevention and treatment (19). These findings suggest that despite global efforts to improve oral health, the existing interventions are insufficient to address the needs of under-resourced populations (20).

Differences across SDI regions were prominent, with high SDI regions exhibiting the lowest burden of dental caries, both in terms of incidence and prevalence. This can likely be attributed to better access to healthcare, improved oral hygiene practices, and greater awareness of preventive measures in these regions (21). In contrast, medium and low SDI regions showed higher incidence and prevalence rates, with medium SDI regions experiencing a peak in both metrics (19). The higher burden in these regions may be related to the transitional socio-economic conditions that increase susceptibility to dental caries, such as changing diets high in sugar and inadequate public health measures to counteract these risks. The findings also suggest that high SDI regions have benefited from sustained public health interventions, while medium and low SDI regions require more focused efforts to bridge the gap in oral health outcomes (22).

Sex differences in dental caries were also evident, with males consistently showing slightly higher incidence and prevalence rates compared to females, although ASYR showed no significant sex difference. This disparity may be linked to differences in dietary habits, oral hygiene practices, and health-seeking behaviors between males and females (23). For example, males may be less likely to engage in preventive oral health behaviors, such as regular brushing and dental visits, which could contribute to the observed higher rates of dental caries (24). These findings indicate a need for sex-specific health education and interventions that address the unique behaviors and risks associated with dental caries in males.

Age-specific analysis revealed that children aged 2–9 years were the most burdened by dental caries, particularly those aged 5–9 years. The high incidence and prevalence in this age group are likely due to the complete eruption of primary teeth and the challenges associated with maintaining proper oral hygiene during early childhood. The findings emphasize the importance of focusing public health interventions on younger children to reduce the burden of dental caries. Effective strategies could include early education for parents and caregivers on the importance of oral hygiene, reducing sugar intake, and increasing access to preventive dental care (25). Moreover, public health policies should prioritize integrating oral health into broader child health programs to ensure that preventive measures are accessible to all children, particularly in vulnerable communities (26).

The trends observed from 1990 to 2040 indicate that, while progress has been made in reducing the burden of dental caries in high SDI regions, challenges remain in low and medium SDI regions. The predicted rebound in incidence rates in these regions after 2020 underscores the importance of continuous and adaptable public health efforts. Factors such as limited healthcare access, socio-economic instability, and lack of awareness about oral health are likely contributing to the uncertainty and potential increase in caries incidence. These findings suggest that sustained investment in healthcare infrastructure, community-based oral health initiatives, and school-based preventive programs are crucial for mitigating the burden of dental caries in these populations (21).

The results of this study illustrate the importance of focusing public health interventions on younger children to reduce the burden of dental caries. Preventive oral health programmes in schools have been shown to be very effective in instilling proper oral hygiene practices and dietary awareness at an early age (8, 10, 11). Collaboration between schools, dental hospitals and public health organisations can enhance regular dental check-ups, supervised brushing and interactive health education to reduce the risk of dental caries. In addition, educating parents and caregivers, especially in communities with limited awareness of caries risk, about reducing children's sugar intake, balanced nutrition and proper oral hygiene practices can significantly enhance the effectiveness of prevention programmes (10, 11, 15). These approaches not only address immediate risk factors, but also help to develop long-term healthy behaviours in children.

Overall, this study highlights the complex interplay between socio-economic factors, healthcare access, sex, and age in influencing the burden of dental caries in primary teeth. To achieve significant reductions in dental caries globally, particularly in under-resourced regions, public health strategies must be multifaceted and tailored to address the specific needs of different populations. Key recommendations include improving access to dental care, enhancing community-level oral health education, and implementing targeted interventions for high-risk groups such as young children and males. By focusing on these areas, it is possible to make meaningful progress in reducing the global burden of dental caries in primary teeth and improving children's oral health outcomes overall.
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Background: Although the mechanisms underlying tooth eruption are not fully understood, the prenatal maternal milieu, particularly stress exposures, appears to play an important role in dental development. Yet, limited research has investigated the influence of prenatal stress and stress-related hormones on tooth eruption.



Methods: This study included 142 mother-child dyads from a birth cohort to examine associations between prenatal stress, stress-related hormones, and primary tooth eruption. The number of erupted teeth was assessed by dentists at child visits through 24 months of age. Maternal prenatal depression and anxiety diagnoses were extracted from medical records as a proxy for stress. Stress-related hormone concentrations, including cortisol, estradiol, progesterone, testosterone, triiodothyronine (T3), and thyroxine (T4), were measured from salivary samples collected in late pregnancy. Generalized linear models were used to assess associations between prenatal stress, stress-related hormones, and tooth eruption, adjusting for relevant covariates.



Results: Eruption timing varied within our cohort: 15.2% of children had at least one erupted tooth by 6 months, and 25% had all 20 primary teeth by 24 months. Correlations in tooth counts across visits ranged from 0.15 to 0.57. Several prenatal maternal hormones, including cortisol, estradiol, progesterone, testosterone, and T3, were significantly and positively associated with the number of erupted teeth at individual visits (p < 0.05). Particularly, higher prenatal cortisol levels were associated with more erupted teeth at 6 months, corresponding to an average difference of ∼4 teeth between the lowest and highest cortisol levels.



Conclusion: Maternal salivary hormone levels in late pregnancy may contribute to variations in primary tooth eruption during the first two years of life.
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Introduction

The timing of tooth eruption is critical for oral health. Tooth eruption varies widely (1–3), with most children exhibiting between 2 and 11 erupted teeth by 12 months of age (2). Early and delayed eruption can disrupt dental alignment, contribute to malocclusion (4–6), compromise enamel quality, and increase the risk of dental caries (3, 7). Beyond oral health, early tooth eruption has also been proposed as a biomarker for accelerated biological aging in children (8).

Despite its clinical importance, the biological mechanisms regulating tooth eruption remain incompletely understood, though both genetic and environmental factors play critical roles (9, 10). Primary tooth development begins in utero (11, 12), making pregnancy a sensitive window when maternal and environmental exposures may influence dental outcomes. Previous studies have linked deviations in eruption timing to prenatal maternal smoking, suboptimal nutrition, and socioeconomic adversity (3, 13–15). Socioeconomic adversity is closely tied to chronic stress (16, 17), and prenatal stress exposure has also been associated with other dental outcomes, including enamel defects and dental caries (18, 19). However, few studies have directly examined whether prenatal stress specifically modulates the timing of tooth eruption.

This study aimed to address this research gap. Mechanistically, stress activates the hypothalamic-pituitary axis and alters concentrations of cortisol (20, 21) as well as other hormones, such as sex steroids (22) and thyroid hormones (23). These hormones are involved in bone development and the metabolism of vitamin D and calcium (24–28), both of which are implicated in dental development and tooth eruption (29–32). This prior evidence suggests a plausible pathway linking stress-related hormones to dental development. Accordingly, in this study we evaluated both maternal prenatal stress and stress-related hormone levels in relation to tooth eruption.



Method


Study design and cohort

The current study uses data from a prospective birth cohort that recruited 186 socioeconomically disadvantaged pregnant women during late pregnancy and subsequently enrolled their newborn children between 8/2017 and 11/2022 (33). The inclusion criteria for the current study were: 1) mothers provided saliva samples during the late second or third trimester, and 2) tooth eruption information was available for children at any of the 6-, 12-, 18-, or 24-month study visits. The final analytic sample included 142 mother-child dyads. The birth cohort study was approved by the university's Research Subject Review Board (#1248). Written informed consent was obtained from all participants, and consent for minors was obtained from their legal guardians.



Tracking tooth eruption

Comprehensive oral examinations were performed on children at multiple visits (1 week, 2, 4, 6, 12, 18, & 24 months) up to 24 months of age by one of three calibrated dentists using standard equipment. A tooth was considered erupted if its cusp was visible above the gum line. The number and type of erupted teeth were recorded at each visit for each child.



Prenatal stress and hormone measures

Prenatal stress was not directly measured in our participants; instead, a proxy measure was used, based on a documented diagnosis of depression or anxiety during pregnancy in the medical record, according to previous studies (34, 35). The variable was coded as the presence or absence of depression or anxiety. Saliva samples were collected once from each woman during late pregnancy. A detailed description of salivary hormone assessment has been provided in our previous publication (36). Briefly, prior to sample collection, participants were instructed to refrain from eating, drinking, or brushing their teeth for 2 h. Each woman provided approximately 3–5 ml of unstimulated saliva during the late 2nd or 3rd trimester by spitting into a sterile centrifuge tube. Salivary hormone levels of cortisol, estradiol, progesterone, testosterone, triiodothyronine (T3), and thyroxine (T4) were measured using the MILLIPLEX MAP Multi-Species Hormone Magnetic Bead Panel (Cat# MSHMAG-21K, Merck Millipore, Darmstadt, Germany). Results were obtained on a Luminex 200 instrument (Luminex, USA) and reported based on standard curve values.



Covariates

Covariates included in the model were selected based on previous literature (3, 15, 37). Maternal and child demographic and socioeconomic information (maternal age, educational level, marital status, employment status, parity, smoking status, child sex, child race/ethnicity, birthweight, and breastfeeding status) was obtained through self-reported questionnaires and medical records. Maternal medical conditions (diabetes and hypertension) were self-reported and confirmed using electronic health records. Gestational age at sample collection was calculated from the due date and the sample collection date. Breastfeeding status was determined primarily from the 6-month visit. If data at the 6-month visit were missing, information from earlier visits (2- and 4-month) was used; if unavailable, breastfeeding data from the 12-month visit were used.



Statistical analysis

All hormone levels were natural log-transformed to approximate a normal distribution. To reduce model complexity and avoid overfitting, covariates were selected for the final models through univariate analyses between each covariate and the number of erupted teeth at each visit, using a p-value threshold of 0.2. The final models included maternal age, educational level, employment status, nulliparity, smoking status, diabetes, hypertension, and child sex, race/ethnicity, birthweight, and breastfeeding status. Pearson and Spearman correlations were used to assess relationships among stress-related hormones and, separately, among the number of erupted teeth across visits. Group-based trajectory modeling was applied to identify distinct patterns of tooth eruption over time.

Because the outcome variable, the number of erupted teeth, was a count variable, generalized linear models were used to examine associations between prenatal stress, stress-related hormones, and tooth eruption at each visit, adjusting for covariates. A Poisson distribution with a log link function was used for the 12-, 18-, and 24-month visits, while a negative binomial distribution was applied at the 6-month visit to account for overdispersion. Overall associations across all visits were assessed using negative binomial mixed-effects models. Sensitivity analyses excluded infants born with low birthweight (<2,500 grams; n = 1), and cases with maternal hormone levels identified as outliers, defined as values beyond the median ± 4 × interquartile range. All statistical analyses were conducted using STATA 18.0 (College Station, TX, USA).




Results


Characteristics of participants

The characteristics of the mother-child dyads (n = 142) are summarized in Table 1. Most mothers were employed (>53%), had a high school education or lower (60%), had more than one pregnancy (>76%), and did not breastfeed around 6 months postpartum (59%). All children were born full-term, with an average birthweight of 3,308 grams. More than half of the children were African Americans (>52%).



TABLE 1 Characteristics of the mother-child dyads included in the current study (n = 142).



	Variable
	N (Percentage)
	Mean (SD)





	Maternal characteristics



	Age (years)
	
	27.6 (5.4)



	Smoking
	21 (14.8%)
	



	Employed
	76 (53.5%)
	



	Education:



	 High school or lower
	85 (59.9%)
	



	 Associate degree
	21 (14.8%)
	



	 College or higher
	36 (25.4%)
	



	Married
	30 (21.1%)
	



	Nulliparous
	47 (33.1%)
	



	Prenatal diabetes
	9 (6.3%)
	



	Prenatal hypertension
	19 (13.4%)
	



	Gestational weeks at sample collection
	
	33.2 (3.4)



	Breastfeeding-6 months
	58 (40.9%)
	



	Child characteristics



	Sex: Female
	75 (52.8%)
	



	Race:



	 White
	27 (19.0%)
	



	 Black
	74 (52.1%)
	



	 Hispanic
	20 (14.1%)
	



	 Others
	21 (14.8%)
	



	Birthweight (g)
	
	3,308.5 (434.2)







By 6 months of age (Figure 1), 17 children (15.2%) had erupted teeth, ranging from 1 to 6 (mean = 0.33, SD = 0.87). The lower central incisors (12%) were the most common teeth erupted at this age (Figure 2A). By 12 months, 3 children (2.5%) had no erupted teeth, while the median number of erupted teeth was 6 (range: 0–12; mean = 5.76, SD = 2.69). More than 95% of children had erupted lower central incisors, and approximately 80% had erupted upper central incisors (Figure 2B). At 18 months, all children attending the study visit (n = 102) had erupted teeth, with a median of 14 (range: 3–20; mean = 13.13, SD = 3.39). By 24 months, the median number of erupted teeth was 16 (mean = 17.18, SD = 1.85), and 25% of children had a full set of 20 primary teeth (Figure 1). Fewer than 40% had erupted upper and lower second molars (Figure 2D).


[image: Four bar charts show the distribution of erupted teeth at different ages. At 6 months, most have zero teeth. At 12 months, teeth eruption varies from zero to fifteen, peaking around eight. At 18 months, most have ten to fifteen teeth, with a peak around fifteen. At 24 months, most have twenty teeth, with fewer having fewer teeth. Each chart displays percentages on the vertical axis.]
FIGURE 1
Erupted teeth at different visits from 6 to 24 months.



[image: Four bar graphs labeled A to D depict the percentage of erupted teeth at different ages: 6 months, 12 months, 18 months, and 24 months. Each graph shows various tooth types, such as molars, canines, and incisors, with increasing eruption percentages over time, peaking at 24 months.]
FIGURE 2
Type of erupted teeth at different visits from 6 to 24 months. “up” indicates upper and “lo” indicates lower. “r” indicates right and “l” indicates left.


Spearman's rank-order correlation was used to assess associations among tooth counts across visits. Significant correlations were observed (p < 0.01) for all pairs except between 6 and 18 months. Significant correlation coefficients were weak to modest, ranging from 0.30 to 0.57 (Figure 3A). However, the intraclass correlation coefficient (ICC) across visits was close to “0” (ICC = 7.24 × 10−10), suggesting limited stability in individual eruption patterns (Figure 3B). Group-based trajectory modeling identified two distinct tooth eruption patterns during the first two years of life, based on the lowest Bayesian information criterion (BIC, Figure 3C): a continuous growth pattern (97.3% of children) and a rapid growth pattern between 12 and 18 months (2.7% of children).


[image: Figure A is a heatmap depicting tooth eruption correlations from six to twenty-four months with values ranging from 0.151 to 0.568. Figure B is a line graph showing erupted teeth numbers over study months with various colored lines. Figure C is a line chart comparing tooth numbers by month, with two lines indicating different percentage groups, showing a rise in numbers from six to twenty-four months.]
FIGURE 3
Correlations among the number of erupted teeth at different visits and individual growth trends. (A) Correlations among tooth counts from 6 to 24 months of age. (B) Variation in tooth eruption patterns among individual children. (C) Two distinct tooth eruption patterns identified by group-based trajectory modeling.


During pregnancy, 36.6% of women had a documented diagnosis of depression or anxiety. Levels of stress-related hormones measured in maternal salivary samples collected during the late 2nd or 3rd trimester are presented in Table 2. All hormones were significantly correlated (p < 0.001), with correlation coefficients ranging from 0.58 to 0.89 (Figure 4). No significant associations were observed between depression or anxiety diagnoses and hormone levels.



TABLE 2 The hormone levels in saliva samples included in the current study (n = 142).



	Prenatal hormone (pg/ml)
	Median
	IQR





	Cortisol
	5,840
	6,420



	Estradiol
	595
	890



	Progesterone
	10,010
	16,910



	Testosterone
	620
	1,550



	T3
	340
	1,480



	T4
	80
	940








[image: Heatmap titled "Prenatal Hormones" showing correlation coefficients among five hormones: EstradiolLN, ProgesteroneLN, TestosteroneLN, T3LN, and T4LN. Values range from 0.576 to 0.895, with darker shades indicating stronger correlations.]
FIGURE 4
Correlations among maternal prenatal hormones.




The relationship between prenatal depression/anxiety, salivary hormones, and tooth eruption

Due to the small-to-moderate correlations and low ICC for the number of erupted teeth across visits, associations between prenatal depression/anxiety, salivary hormones, and tooth eruption were first assessed separately at each child visit. Prenatal maternal depression/anxiety was not significantly associated with the number of erupted teeth at any time point (p > 0.05). In contrast, several prenatal stress-related hormones, including cortisol, estradiol, progesterone, testosterone, and T3, were positively associated with tooth counts (Table 3).



TABLE 3 The associations between prenatal maternal hormones and tooth eruption longitudinally and cross-sectionally.



	Prenatal hormone
	Tooth number at 6 months
	Tooth number at 12 months
	Tooth number at 18 months
	Tooth number at 24 months
	Tooth number across all visitsa



	β
	95%CI
	β
	95%CI
	β
	95%CI
	β
	95%CI
	β
	95%CI





	Cortisol
	0.786*
	0.120, 1.452
	0.076
	−0.019, 0.171
	0.023
	−0.037, 0.084
	0.020
	−0.004, 0.043
	0.025
	−0.028, 0.077



	Estradiol
	0.353
	−0.090, 0.796
	0.078*
	0.002, 0.154
	0.035
	−0.011, 0.081
	0.018
	−0.001, 0.037
	0.026
	−0.013, 0.065



	Progesterone
	0.326
	−0.159, 0.812
	0.057
	−0.008, 0.123
	0.004
	−0.030, 0.037
	0.018*
	0.003, 0.034
	0.016
	−0.016, 0.049



	Testosterone
	0.008
	−0.216, 0.232
	0.044*
	0.004, 0.084
	0.022
	−0.002, 0.047
	0.010*
	0.001, 0.019
	0.013
	−0.008, 0.033



	T3
	0.030
	−0.199, 0.258
	0.023
	−0.014, 0.061
	0.026*
	0.002, 0.050
	0.012**
	0.003, 0.020
	0.012
	−0.007, 0.031



	T4
	0.158
	−0.106, 0.421
	0.020
	−0.028, 0.068
	0.016
	−0.014, 0.046
	0.011
	−0.0003, 0.022
	0.007
	−0.017, 0.032




	GLM model adjusted for infant sex, race/ethnicity, infant birthweight, breastfeeding prior to 6 months, prenatal maternal diabetes, hypertension, smoking, age, education, employment, and nulliparity. All prenatal hormones were natural log transformed.


	Bold values are significant results.


	aEstimations were derived from negative binomial mixed-effects models.


	*p < 0.05. **p < 0.01.







Specifically, higher prenatal cortisol levels were associated with a greater number of erupted teeth at 6 months (β = 0.79, 95% CI: 0.12–1.45), corresponding to an average difference of ∼4 teeth between the lowest and highest cortisol levels. At 12 months, higher estradiol (β = 0.08, 95% CI: 0.002–0.15) and testosterone (β = 0.04, 95% CI: 0.004–0.08) were positively associated with tooth count, corresponding to average differences of 0.4 and 0.3 teeth, respectively. At 24 months, progesterone (β = 0.02, 95% CI: 0.003–0.03) and testosterone (β = 0.01, 95% CI: 0.001–0.02) were associated with tooth count, corresponding to average differences of 0.1 and 0.07 teeth. T3 levels were also positively associated with tooth counts at 18 months (β = 0.03, 95% CI: 0.002–0.05) and 24 months (β = 0.01, 95% CI: 0.003–0.02), corresponding to average differences of 0.2 and 0.09 teeth, respectively, between the lowest and highest hormone levels.

When overall associations across all visits were assessed, the results were non-significant, likely reflecting the low ICC and weak correlations across visits. Most findings remained robust in sensitivity analyses; however, associations between cortisol and tooth count at 24 months (β = 0.03, 95% CI: 0.0002–0.05) and between estradiol and tooth count at 24 months (β = 0.02, 95% CI: 0.0005–0.04) became significant. In contrast, associations with estradiol (p = 0.09) and testosterone (p = 0.05) at 12 months were attenuated.




Discussion

Overall, our findings indicate that correlations in the number of erupted teeth across visits during the first two years of life were weak to modest, suggesting variability in dental growth patterns among individual children. Several prenatal salivary hormones were positively associated with the number of primary teeth at specific time points, with more associations observed at 24 months. However, the strongest associations emerged earlier, particularly between prenatal cortisol levels and tooth count at 6 months. These findings may suggest potential biological mechanisms through which prenatal stress may influence the timing of tooth eruption.

In our cohort, the sequence of primary tooth eruption aligned with prior studies (38), yet children exhibited relatively delayed tooth eruption by 12 months and more advanced development between 12 and 24 months compared to previous studies (3, 38). Such differences may be explained by variability in race/ethnicity and socioeconomic status across study populations. Interestingly, we observed heterogeneous tooth eruption patterns, with some children experiencing rapid tooth emergence in infancy and others showing accelerated eruption during toddlerhood. Two primary eruption trajectories were identified using group-based trajectory modeling. However, the weak to modest correlations across visits suggest that additional, unidentified eruption trajectories may exist. Future studies with larger, more diverse samples are needed to characterize these potential subgroups and to assess predictors of interindividual variation in eruption timing.

To date, evidence linking prenatal hormone levels with tooth eruption timing in offspring remains sparse. Vucic and colleagues found no significant associations between maternal thyroid hormones and dental development at age 9 (31), consistent with our null findings for T4. However, we observed significant associations between prenatal maternal T3 levels in late pregnancy and the number of erupted teeth at 18 and 24 months. Because T3 was not measured in the prior study (31), our findings may highlight a novel association. Biologically, T3 plays a critical role in bone development (26) and mineral homeostasis (39, 40), which may similarly influence odontogenesis and help explain its relationship with tooth eruption.

Given the relatively high correlations among the measured hormones, it remains unclear which ones play a key role in modifying eruption timing. Cortisol, estradiol, progesterone, testosterone, and T3 are all implicated in bone development and calcium/vitamin D metabolism (24–28). Among these, prenatal cortisol showed the strongest association with tooth count at 6 months. Biologically, cortisol has been shown to impair osteoclastogenesis and osteoblastogenesis and promote apoptosis of osteoblasts and osteocytes (41), although its role in odontogenesis remains unclear. Cortisol also affects vitamin D and calcium availability through malabsorption, hypercalciuria, and bone resorption (24, 42, 43). Experimental studies have demonstrated that calcium and vitamin D supplementation during pregnancy accelerates tooth eruption in mice (44), yet evidence in humans remains inconsistent (15, 45, 46). Our observation that high prenatal cortisol was linked to earlier tooth eruption may also parallel findings that prenatal stress accelerates biological aging processes such as epigenetic modifications and telomere shortening (47–49).

Although associations between sex steroid hormones (estradiol, progesterone, and testosterone) and tooth eruption were statistically significant, effect sizes were small, suggesting limited clinical impact. These hormones are essential for fetal development and birthweight, both linked to eruption timing (9, 15, 50). Sex steroid hormone levels may also indirectly reflect vitamin D sufficiency, which regulates placental hormone production (27). Estradiol additionally modulates osteoblasts partly through the RANKL-OPG-RANK pathway (28), which may also influence odontogenesis. Nevertheless, given the small magnitude of effects observed, these associations should be interpreted cautiously.

Several limitations in this study warrant consideration. First, the ICC for erupted tooth counts across visits was close to zero, indicating low stability of eruption over time within individuals. In practical terms, having more teeth in early infancy did not reliably predict having more teeth later. Therefore, interpretations of mixed-effects and cross-sectional models should be made with caution. Second, prenatal stress was assessed during maternal diagnoses of depression or anxiety, which likely underestimated stress exposure, particularly in a cohort characterized by socioeconomic adversity. While salivary cortisol provided an objective biomarker of stress (51), future studies should incorporate validated stress questionnaires, such as perceived stress scale and stressful life events, alongside biomarkers to capture stress more comprehensively. Third, hormone levels were measured from a single salivary sample. This approach does not account for diurnal cortisol fluctuations, which better reflect overall activity of the hypothalamic-pituitary-adrenal axis (52). Therefore, future studies are recommended to collect multiple saliva samples to capture cortisol diurnal variation. For the other hormones, prior studies indicate that salivary and blood concentrations show moderate to strong correlations (53, 54). suggesting that salivary hormone levels may reflect systemic levels. Finally, maternal biospecimens were collected in late pregnancy, a period corresponding to crown formation. However, primary tooth development begins as early as ∼6 weeks of gestation (55), and the influence of hormones may vary by gestational stage. Future studies should consider assessing hormone levels at multiple time points throughout pregnancy to better examine potential time-specific effects on tooth development.

Despite these limitations, this study has several strengths. As a prospective cohort, maternal and child data were collected longitudinally, reducing recall bias. Dental assessments were performed by calibrated dentists using standardized protocols, ensuring data quality and consistency. Moreover, we examined a broad panel of hormones related to stress and fetal development, enabling exploratory analyses of potential biological mechanisms linking prenatal stress with primary tooth eruption.



Conclusion

Maternal salivary hormone levels, particularly cortisol, measured in late pregnancy were potentially associated with tooth eruption in children during the first two years of life. Larger, more diverse cohorts with repeated biomarker assessments are needed to clarify the biological mechanisms linking prenatal stress to tooth eruption.
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Objective: To estimate the prevalence and dmft burden of early childhood caries (ECC) among preschool children and to examine associations between ECC and anthropometric growth indicators (HAZ, WAZ, WHZ) as well as behavioral and parental factors.



Methods: We conducted a cross-sectional study of 380 children aged 3–6 years selected via multistage cluster sampling from 15 kindergartens in Shijiazhuang, China. ECC was assessed according to WHO Oral Health Survey methods, and dmft (decayed, missing, and filled primary teeth) was calculated. Anthropometric growth was evaluated using WHO Z-scores: height-for-age (HAZ), weight-for-age (WAZ), and weight-for-height (WHZ), with standard cutoffs (Z < −2 indicating stunting, underweight, and wasting, respectively). Parents completed structured questionnaires on feeding patterns (including night feeding), frequency of sweet-food consumption, bedtime toothbrushing, use of fluoride toothpaste, annual oral examinations, vitamin D and calcium supplementation, and parental oral-health knowledge. Group comparisons used chi-square and t-tests; multivariable logistic regression identified factors associated with ECC; Spearman correlation assessed associations between caries count and growth Z-scores.



Results: ECC prevalence was 58.68% (223/380), and mean dmft was 2.34 ± 2.35, with no significant differences by sex or age group. In adjusted models, higher sweet-food frequency was associated with greater odds of ECC (OR 1.72, 95% CI 1.19–2.49). Protective factors included vitamin D supplementation for ≥2 years (OR 0.40, 95% CI 0.18–0.86), bedtime toothbrushing (OR 0.22, 95% CI 0.13–0.38), use of fluoride toothpaste (OR 0.04, 95% CI 0.01–0.13), annual oral examinations (OR 0.26, 95% CI 0.15–0.44), and qualified parental oral-health knowledge (OR 0.38, 95% CI 0.23–0.65). Children with ECC had higher proportions of stunting, underweight, and wasting than those without ECC. Caries count was inversely correlated with WHZ (r = −0.649, P < 0.001).



Conclusion: In this population, ECC was common. Modifiable behaviors and parental knowledge were strongly associated with ECC, and greater caries severity was linked to lower WHZ, suggesting a relationship between ECC and acute nutritional status. Strengthening sugar intake control, bedtime toothbrushing, fluoride use, and routine dental examinations may help prevent ECC and mitigate its potential impact on growth.
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1 Introduction

Dental caries is a biofilm-mediated, sugar-driven, multifactorial disease that leads to demineralization and destruction of tooth hard tissues (1). When it occurs in the primary dentition of preschool children, it is termed early childhood caries (ECC) (2). The morphology and mineralization of primary teeth, coupled with behavioral and dietary patterns in early life, render preschool children particularly susceptible to ECC (3, 4). Globally, a substantial proportion of children are affected, with a pooled prevalence of approximately 57.3% among those aged 3–6 years (5, 6). In China, reported prevalence among preschoolers ranges from 59.0% to 74.3%, and the mean dmft burden has shown an upward trend in some regions (3, 7, 8).

Beyond its high prevalence, ECC adversely affects children's oral and general health. Untreated lesions can lead to pain, pulp infection, and abscess formation; impair mastication and sleep; and reduce dietary intake, thereby diminishing oral health–related quality of life (9–12). Premature loss of primary teeth may disrupt occlusion and oral function and has been associated with suboptimal nutritional status (13, 14). These pathways provide biological plausibility for a link between ECC and growth.

However, evidence regarding the relationship between ECC and children's growth is inconsistent. Studies have reported positive, negative, or null associations between ECC and anthropometric outcomes, likely reflecting differences in study design, populations, and control of confounding factors (15–19). Data from mainland China that concurrently characterize ECC, anthropometric growth indicators, and behavioral determinants in preschool children remain limited.

Therefore, this cross-sectional study aimed to: (i) estimate the prevalence of ECC and the dmft burden among preschool children in Shijiazhuang, China; (ii) compare anthropometric growth indicators—height-for-age (HAZ), weight-for-age (WAZ), and weight-for-height (WHZ)—between children with and without ECC; (iii) examine the association between caries count and these WHO Z-scores; and (iv) identify behavioral and parental factors associated with ECC using multivariable analysis.



2 Materials and methods


2.1 Study subjects

In this study, a multi—stage cluster sampling method was employed. Fifteen kindergartens in Shijiazhuang, Hebei Province were selected. These kindergartens were numbered and chosen using a simple randomization method based on a computer—generated random sequence. Ultimately, 380 preschool children from the 15 selected kindergartens were included in this study.

Inclusion criteria:


	1.Aged between 3 and 6 years old;

	2.Directly raised by their parents;

	3.For children classified into the ECC group, dental caries in the primary dentition was diagnosed according to the WHO Oral Health Surveys: Basic Methods (5th edition). A tooth was considered carious when a cavitated lesion at the dentine level was detected on visual–tactile examination. Non-cavitated enamel demineralization/white spot lesions were not counted as caries for the purpose of dmft calculation or ECC case definition. ECC was defined as having dmft ≥ 1 in children under 6 years of age (5);

	4.Availability of complete anthropometric examination data, defined as valid measurements of age in months, sex, body weight, and body height obtained on the same visit, following standardized procedures described below, with no missing values and passing internal quality checks.



Exclusion criteria:

	1.Those who had used antibiotics within 1 month before the examination or had used hormones and immunosuppressants within 6 months;

	2.Those suffering from immune system diseases that promote the decay of primary teeth;

	3.Those with a history of dental diseases such as enamel hypoplasia and pulpitis;

	4.Children with diseases in the digestive, endocrine systems or metabolic—related diseases;

	5.Those from families with low height, low weight, or obesity.



This study adhered to the principles of the Declaration of Helsinki and was approved by the Ethics Review Committee of Shijiazhuang Maternal and Child Health Hospital. All guardians of the children were informed about the content of this study, voluntarily participated, and signed the informed consent forms related to this study.




2.2 Sample size calculation

Based on the preliminary results of previous studies, the prevalence of ECC among Chinese preschool children is approximately 74% (20). According to the sample—size calculation formula, to estimate a 10% width of the 95% confidence interval, approximately 295 children are required [n = 4 × 1.962 × P × (1 − P)/L2, where n is the number of participants, P is the estimated disease prevalence, and L is the width of the confidence interval, which is 0.10 in this study]. Assuming an 80% response rate, at least 369 children should be initially recruited. In this study, 380 preschool children were finally recruited as the study subjects.



2.3 Questionnaire and covariates

Parents or primary caregivers completed a structured questionnaire covering:

Child basic information: age (months), sex, only child (yes/no), recent morbidity (past 2 weeks).

Feeding history: exclusive breastfeeding (first 6 months; yes/no), duration of breastfeeding (months), bottle feeding (yes/no), night-time feeding during infancy (frequency per night), night-time feeding after tooth eruption (never/occasionally/≥3 nights per week).

Current diet (past 3 months) using a brief food frequency module: frequency of sweet foods (candies, cookies, cakes, chocolates) and sugar-sweetened beverages (sodas/juices/sweetened milk/tea) categorized as never/≤1 time per week/2–4 times per week/≥5 times per week; frequency of fruit and vegetable intake (days per week), dairy intake (servings per day), and protein-rich foods (meat/eggs/beans; days per week).

Oral hygiene: toothbrushing frequency (per day), bedtime toothbrushing (yes/no), use of fluoride toothpaste (yes/no), initiation age of toothbrushing (years), dental visits in the past 12 months (yes/no).

Micronutrient supplementation: vitamin D and calcium (ever use: yes/no), current use (yes/no), cumulative duration (<6 months/6–<12 months/12–<24 months/≥24 months), typical daily dose if known, and source (drops/tablets/formula).

Parental information: parental age, education level, and self-rated oral health knowledge; parental oral-health knowledge score derived from 10 items (correct = 1, incorrect/unknown = 0), summed to a total score (0–10); a score ≥7 was considered “qualified” knowledge.

The full questionnaire (English translation) has been provided as Supplementary Material (Supplementary File S1), including item wording, response options, and coding rules.



2.4 Oral examination

Two trained dentists performed visual–tactile examinations in the kindergarten setting following the WHO Oral Health Surveys: Basic Methods (5th edition). Examinations were conducted under adequate lighting using disposable plane mouth mirrors and WHO CPI probes; cotton rolls/gauze were used to remove debris and gently dry tooth surfaces when needed. Caries experience was recorded at the tooth level using the dmft index, where dmft = d + m + f: d = number of carious teeth with cavitated lesions into dentine (including teeth with restorations accompanied by secondary caries), m = number of teeth missing due to caries (excluding teeth lost due to trauma or orthodontic reasons), and f = number of filled teeth without secondary caries. We did not classify lesions as “active” or “arrested” beyond the WHO diagnostic threshold. White spot lesions (initial, non-cavitated) were not included in dmft and were not used to define ECC status (21).



2.5 Growth and development assessment

Age (months), sex, standing height (cm), and body weight (kg) were collected during the same visit. Height was measured to the nearest 0.1 cm using a wall-mounted stadiometer with children barefoot and standing upright; weight was measured to the nearest 0.1 kg using a calibrated digital scale with light clothing. Two measurements were taken for each parameter; if they differed by >0.5 cm (height) or >0.2 kg (weight), a third measurement was obtained, and the two closest values were averaged. Anthropometric Z-scores were computed using WHO growth standards: Among them, HAZ < −2 indicates short stature, −2 ≤ HAZ ≤ 2 indicates normal stature, and HAZ > 2 indicates tall stature; WAZ < −2 indicates low weight, −2 ≤ WAZ ≤ 2 indicates normal weight, and WAZ > 2 indicates overweight; WHZ < −2 indicates underweight, −2 ≤ WHZ ≤ 2 indicates normal weight, and WHZ−>−2 indicates obesity (22).



2.6 Outcomes and prevalence calculation

ECC was defined as dmft ≥ 1. ECC prevalence was calculated as the number of children with ECC divided by the total number examined.



2.7 Statistical analysis

In this study, SPSS 25.0 software was used for statistical analysis. Measurement data were expressed as mean ± standard deviation. The independent—samples t-test was used for comparisons between two groups, and one—way analysis of variance was used for comparisons among multiple groups. Count data were expressed as the number of cases and percentages, and the X2-test was used for comparisons between groups. Multivariate logistic regression analysis was used for the analysis of influencing factors, and Spearman analysis was used for correlation analysis. A P-value < 0.05 was considered statistically significant. Details of variable coding (e.g., sweet-food frequency categories) are provided in Supplementary File S1.




3 Results


3.1 Analysis of ECC in preschool children

In this research, a total of 380 preschool children were enlisted. The legal guardians of all the recruited children gave their written informed consents, and all the children went through oral inspections. Among them, 157 children who did not have early childhood caries (ECC) were placed in the healthy group, whereas 223 children with ECC were incorporated into the ECC group. The prevalence rate of ECC was 58.68%. Among the children being examined, the aggregate number of decayed teeth was 889, and the average number of decayed teeth was (2.34 ± 2.35). No statistically notable disparities were found in the prevalence of ECC and the average number of decayed teeth between different genders (P > 0.05). Moreover, no statistically significant differences were detected in the prevalence of ECC and the average number of decayed teeth across various age groups (P > 0.05) (Table 1, Figure 1).



TABLE 1 Analysis of early childhood caries (ECC) in preschool children.



	Group
	Number of cases
	Number of children with ECC
	Mean DMFT





	Number of cases in males
	184
	114 (61.96%)
	2.41 ± 2.38



	Number of cases in females
	196
	109 (55.61%)
	2.30 ± 2.33



	t/X2
	
	1.576
	0.449



	P
	
	0.210
	0.654



	Number of cases aged 3–4 years
	114
	66 (57.89%)
	2.46 ± 2.52



	Number of cases aged 4–5 years
	92
	58 (63.04%)
	2.31 ± 2.22



	Number of cases aged 5–6 years
	174
	99 (56.90%)
	2.29 ± 2.36



	F
	
	0.980
	0.2990



	P
	
	0.613
	0.742








[image: Flowchart depicting a group of 380 preschool children divided into those with ECC (223 children) and healthy children (157 children). The children with ECC are split into 114 male and 109 female, further divided by age: 66 males aged 3-4, 58 aged 4-5, and 99 aged 5-6; and females, 48 aged 3-4, 34 aged 4-5, and 75 aged 5-6.]
FIGURE 1
Status of early childhood caries (ECC) in preschool children.




3.2 Comparative analysis of general data between children with ECC and normal children

In univariate comparisons, children with ECC differed significantly from caries-free peers across feeding, hygiene, and parental factors. The ECC group reported a longer duration of night-time feeding and a higher mean number of night feeds (both P < 0.001), as well as a higher daily frequency of sweet-food consumption over the past year (P = 0.0011). By contrast, the proportions with continuous vitamin D supplementation for ≥2 years (P = 0.0037) and continuous calcium supplementation for ≥2 years (P = 0.0106) were lower in the ECC group. Bedtime toothbrushing, use of fluoride toothpaste, and receipt of an annual oral examination were also less common among children with ECC (all P < 0.001). In addition, parents of caries-free children were more likely to achieve a qualified level of oral-health knowledge (P < 0.001) (Table 2, Figure 2).



TABLE 2 Characteristics of children with and without ECC (univariate comparisons).



	Indicator
	
	ECC group (n = 223)
	Healthy group (n = 157)
	t/X2
	P





	Gender
	Male
	114
	70
	1.5755
	0.2094



	Female
	109
	87
	
	



	Age
	
	4.37 ± 1.13
	4.43 ± 1.18
	0.5079
	0.6118



	Dental trauma history
	
	27
	17
	0.1473
	0.7011



	Exclusive breastfeeding within 1 year of age
	Yes
	138
	97
	0.0004
	0.9840



	No
	85
	60



	Duration of night—feeding (months)
	
	12.42 ± 4.82
	10.58 ± 3.27
	4.1590
	<0.001



	Average frequency of night—feeding
	
	2.78 ± 1.19
	2.31 ± 1.03
	3.9648
	<0.001



	Currently, continuous vitamin D supplementation for ≥2 years
	
	175
	141
	8.4500
	0.0037



	Currently, continuous calcium supplementation for ≥2 years
	
	188
	146
	6.5372
	0.0106



	Average daily frequency of sweet food intake in the past year
	≥3 times
	85
	39
	13.6307
	0.0011



	1∼2 times
	104
	72



	≤1 time
	34
	46



	Brushing teeth before bedtime
	
	83
	107
	35.2638
	<0.001



	Use of fluoride toothpaste
	
	158
	154
	46.5209
	<0.001



	Age of starting tooth—brushing
	≥3 years old
	157
	122
	2.5183
	0.1125



	≤2 years old
	66
	35



	Annual oral examination
	Yes
	80
	98
	26.8203
	<0.001



	No
	145
	59



	Parents' cognitive level of oral health knowledge
	Qualified
	93
	104
	22.2203
	<0.001



	Unqualified
	130
	53




	Data are n (%) unless otherwise indicated. P-values from chi-square tests (categorical) or t-tests/Mann–Whitney U-tests (continuous). Variable definitions and coding detailed in Supplementary File S1. ECC defined as dmft ≥1 (WHO criteria; white spot lesions excluded).








[image: Five sets of pie charts compare ECC (Early Childhood Caries) and Healthy Groups across various factors. The top-left chart shows gender, age, and dental trauma history. The top-right chart includes exclusive breastfeeding, duration of night, and average frequency of night feeding. The middle-left chart displays continuous vitamin D and calcium supplementation. The middle-right chart shows frequency of brushing. The bottom charts depict age of starting tooth brushing, tooth brushing habits, use of fluoride toothpaste, annual oral examination, and oral health knowledge. Each pair of charts contrasts responses between the two groups.]
FIGURE 2
Comparative analysis of general information between children with ECC and normal children.




3.3 Analysis of influencing factors for the onset of ECC

A multivariate Logistic regression analysis was conducted with the presence or absence of ECC as the dependent variable and the variables with significant differences in Table 2 as independent variables. The results showed that the average daily frequency of consuming sweet foods was an independent risk factor for the occurrence of dental caries. In contrast, continuous vitamin D supplementation for ≥2 years, brushing teeth before bedtime, using fluoride toothpaste, having annual oral examinations, and having a qualified cognitive level of oral health knowledge were protective factors for preventing dental caries (Table 3).



TABLE 3 Analysis of influencing factors for the onset of ECC.



	Independent variable
	β
	S.E.
	Wald
	P
	95% CI





	Duration of night—feeding
	0.060
	0.044
	1.820
	0.177
	0.973–1.159



	Frequency of night-time milk feeding
	0.221
	0.167
	1.752
	0.186
	0.899–1.732



	Continuous vitamin D supplementation for 2 years or more
	−0.927
	0.398
	5.440
	0.020
	0.181–0.862



	Continuous calcium supplementation for 2 years or more
	−0.622
	0.464
	1.794
	0.180
	0.216–1.334



	Average daily intake of sweet foods
	0.543
	0.188
	8.359
	0.004
	1.191–2.485



	Brushing teeth before bedtime
	−1.512
	0.273
	30.705
	<0.001
	0.129–0.376



	Use of fluoride toothpaste
	−3.291
	0.647
	25.883
	<0.001
	0.010–0.132



	Annual oral examination
	−1.353
	0.275
	24.209
	<0.001
	0.151–0.443



	Satisfactory level of knowledge about oral health
	−0.960
	0.270
	12.678
	<0.001
	0.226–0.649









3.4 Analysis of the growth and development status of preschool children

Among the 380 examined preschool children, 214 (56.32%) had normal growth and development, 48 (12.63%) had low body weight, 65 (17.10%) had short stature, and 53 (13.95%) were underweight (Table 4, Figure 3).



TABLE 4 Analysis of growth and development Status of preschool children.



	Growth and development situation
	Number of cases





	Normal growth and development
	214 (56.32%)



	Low weight
	48 (12.63%)



	Short stature
	65 (17.10%)



	Thin
	53 (13.95%)








[image: Pie chart titled "Growth and development situation" shows four categories: Normal growth and development (56.32%), Low weight (17.11%), Short stature (12.63%), and Thin (13.95%). Each segment is distinctly colored.]
FIGURE 3
Analysis of growth and development status of preschool children.




3.5 Comparative analysis of growth and development status between children with ECC and normal children

Among the 380 examined children, 49 children with dental caries had short stature, accounting for 75.38% of all short—statured children; 39 children with dental caries had low body weight, accounting for 81.25% of all low—weight children; and 41 children with dental caries were underweight, accounting for 77.36% of all underweight children. The proportions of short—statured, low—weight, and underweight children in the dental caries group were higher than those in the healthy group (Table 5, Figure 4).



TABLE 5 Growth and development Status of children with ECC.



	Growth and development situation
	ECC group (n = 223)
	Healthy group (n = 157)
	X2
	P





	Normal growth and development
	94 (42.15%)
	120 (56.07%)
	44.011
	<0.001



	Low weight
	39 (81.25%)
	9 (18.75%)
	11.539
	<0.001



	Short stature
	49 (75.38%)
	16 (24.62%)
	9.020
	0.003



	Thin
	41 (77.36)
	12 (22.64)
	8.859
	0.003








[image: Bar chart comparing ECC and Healthy groups in four categories: Normal growth (ECC: 94, Healthy: 120), Low weight (ECC: 39, Healthy: 9), Short stature (ECC: 49, Healthy: 16), Thin (ECC: 41, Healthy: 22). ECC bars are brown; Healthy bars are pink.]
FIGURE 4
Growth and development status of children with ECC.




3.6 A nalysis of the relationship between the severity of ECC and the growth and development status of children with dental caries

The results of Spearman's correlation analysis showed that there was a negative correlation between the number of dental caries and the Weight—for—Height Z-score (WHZ) in preschool children (r < 0, P < 0.05) (Table 6).



TABLE 6 Relationship between the severity of ECC and the growth and development Status of children with dental caries.



	ECC
	WAZ
	WHZ
	HAZ





	r
	−0.010
	−0.649
	0.069



	P
	0.886
	<0.001
	0.317










4 Discussion

This study examined the association between early childhood caries (ECC) and growth status among preschool children, and identified modifiable behavioral and parental factors linked to ECC. ECC remains under-recognized and undertreated in many settings (23). Three main findings emerged. First, the prevalence of ECC and the mean dmft in our sample were high. Second, higher frequency of sweet-food intake was associated with greater odds of ECC, whereas bedtime toothbrushing, use of fluoride toothpaste, receipt of an annual oral examination, and long-term vitamin D (≥2 years) and calcium supplementation were associated with lower odds. Third, children with ECC had less favorable growth indicators; in particular, caries experience (dmft) was inversely correlated with weight-for-height Z (WHZ), suggesting a link between caries burden and acute undernutrition.

Our prevalence and dmft estimates are broadly consistent with reports from comparable urban preschool settings, although between-study variation remains substantial. Differences in sampling frames, survey year, socio-economic context, and diagnostic thresholds likely contribute to heterogeneity across studies (24–27). In our age-stratified analyses (3–6 years), ECC prevalence and dmft did not differ significantly by age, indicating a relatively high burden throughout the preschool period rather than a monotonic age-related increase.

The observed determinants of ECC align with established mechanisms. Frequent sugar exposure promotes acidogenic biofilm activity, demineralization, and lesion progression (28). By contrast, fluoride use, regular toothbrushing, and routine dental visits reduce caries risk by enhancing remineralization, lowering plaque acidogenicity, and enabling early detection and management. Suboptimal oral-hygiene practices are common among preschool children, reinforcing the need for caregiver supervision (29). The association between long-term vitamin D supplementation and lower ECC odds is biologically plausible given vitamin D's roles in enamel development and host defense (30, 31); however, supplementation here may also serve as a proxy for health-seeking behavior, and residual confounding cannot be excluded. Parental oral-health knowledge was strongly associated with lower ECC, supporting caregiver-focused education as a practical prevention strategy (32, 33).

We explored whether ECC relates to growth and development beyond simple anthropometric description. Growth in early childhood is shaped by multiple determinants, including age, sex, infection and inflammation, diet quality and adequacy, feeding practices, sleep, socio-economic conditions, and parental education (34, 35). In our data, ECC was associated with a higher prevalence of suboptimal anthropometric outcomes, and dmft correlated negatively with WHZ. Several mechanisms may underlie this pattern: dental pain and hypersensitivity can reduce dietary intake and dietary diversity; disturbed sleep may impair growth hormone secretion; and chronic low-grade oral inflammation may affect energy balance and nutrient utilization (36). Caregiver awareness and prioritization of oral health can also influence both ECC and health-seeking behaviors relevant to growth (37). Importantly, we considered several potential confounders in our ECC analyses (age, sex, parental education, recent morbidity, feeding history including night-time feeding, sweet-food and sugar-sweetened beverage frequency, oral hygiene practices, and vitamin D/calcium supplementation). Nevertheless, our cross-sectional design precludes causal inference regarding directionality, and residual confounding (e.g., household income, food insecurity, birthweight or prematurity, physical activity) remains possible.

Nutrition is a key pathway linking oral health and growth (34). We characterized diet using a brief food-frequency module capturing cariogenic exposures (sweet foods and sugar-sweetened beverages) and proxies of diet quality (fruit/vegetables, dairy, protein-rich foods), and we recorded vitamin D and calcium supplementation through caregiver report. While these measures allowed us to account for salient dietary behaviors in relation to ECC, they do not replace comprehensive dietary assessment (e.g., 24 h recalls, energy and micronutrient intake) or biochemical indicators (e.g., serum 25-hydroxyvitamin D). Future studies should incorporate validated dietary instruments and biomarkers, and evaluate mediation by pain, sleep disturbance, and inflammation to clarify causal pathways.

This study has limitations. The cross-sectional design limits causal interpretation. Behavioral and supplementation data were caregiver-reported and subject to recall and social-desirability bias; supplementation was not verified against medical records. We lacked information on birth history, household income, and food security, and did not measure serum vitamin D. The sample was drawn from a single setting, which may limit generalizability. Our study did not capture socio-demographic factors such as parental income or education. Future research should integrate these variables to examine structural inequities in oral health prevention. Strengths include standardized WHO-based caries assessment, duplicate anthropometry with quality checks, and systematic collection of key dietary and hygiene behaviors alongside parental knowledge.

In this preschool cohort, ECC was associated with less favorable growth status, most notably a lower WHZ, and with higher prevalence of undernutrition indicators. At the same time, ECC showed strong associations with modifiable behaviors and caregiver factors, including sugar exposure, toothbrushing practices, fluoride use, routine dental visits, and long-term vitamin D and calcium supplementation. These findings support integrating caries prevention into child growth and nutrition programs, emphasizing sugar reduction, fluoride-based hygiene, regular dental check-ups, and caregiver education. Longitudinal and interventional studies with detailed dietary assessment and biomarker data are needed to clarify causality and mechanisms.



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 author.



Author contributions

ZC: Methodology, Data curation, Visualization, Conceptualization, Supervision, Writing – review & editing. RY: Data curation, Methodology, Supervision, Conceptualization, Writing – review & editing, Visualization. JM: Writing – review & editing, Validation, Supervision, Project administration, Data curation. YZ: Formal analysis, Writing – original draft, Supervision, Project administration, Writing – review & editing. XD: Project administration, Supervision, Writing – review & editing, Writing – original draft, Formal analysis. LF: Writing – review & editing, Formal analysis, Project administration, Supervision.



Funding

The author(s) declare financial support was received for the research and/or publication of this article. This study was funded by the Investigation on the Current Situation of Physical Development of Preschool Children in Shijiazhuang (Project No. 20201364).



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2025.1623666/full#supplementary-material



References


	1. Wong HM. Childhood caries management. Int J Environ Res Public Health. (2022) 19(14):8527. doi: 10.3390/ijerph19148527


	2. Duangthip D, Gao SS, Chen KJ, Lo EC, Chu CH. Oral health-related quality of life and caries experience of Hong Kong preschool children. Int Dent J. (2020) 70(2):100–7. doi: 10.1111/idj.12526


	3. Ge X, Lyu X, Zhou Z, Mi Y, He T, Wu B, et al. Caesarean-section delivery and caries risk of 3-year-old Chinese children: a retrospective cohort study. BMC Oral Health. (2023) 23(1):373. doi: 10.1186/s12903-023-02998-w


	4. Large JF, Madigan C, Pradeilles R, Markey O, Boxer B, Rousham EK. Impact of unhealthy food and beverage consumption on children’s risk of dental caries: a systematic review. Nutr Rev. (2024) 82(11):1539–55. doi: 10.1093/nutrit/nuad147


	5. Zou J, Du Q, Ge L, Wang J, Wang X, Song G, et al. Expert consensus on early childhood caries management. Int J Oral Sci. (2022) 14(1):35. doi: 10.1038/s41368-022-00186-0


	6. Uerlich MF, Baker SR, Day PF, Brown L, Vettore MV. Common determinants of dental caries and obesity in children: a multi-ethnic nested birth cohort study in the United Kingdom. Int J Environ Res Public Health. (2021) 18(23):12561. doi: 10.3390/ijerph182312561


	7. Zhou N, Ding H, Liu J, Chen J, Zhang S, Chu C-H. Dental caries status among Yi preschool children in Yunnan province, China: a cross-sectional study. Int J Environ Res Public Health. (2021) 18(16):8393. doi: 10.3390/ijerph18168393


	8. Park YH, Choi YY. Feeding practices and early childhood caries in Korean preschool children. Int Dent J. (2022) 72(3):392–8. doi: 10.1016/j.identj.2021.07.001


	9. Adil AH, Eusufzai SZ, Kamruddin A, Wan Ahmad WM, Jamayet NB, Karobari MI, et al. Assessment of parents’ oral health literacy and its association with caries experience of their preschool children. Children (Basel). (2020) 7(8):101. doi: 10.3390/children7080101


	10. Singh N, Dubey N, Rathore M, Pandey P. Impact of early childhood caries on quality of life: child and parent perspectives. J Oral Biol Craniofac Res. (2020) 10(2):83–6. doi: 10.1016/j.jobcr.2020.02.006


	11. Bilal D, Sogi GM, Sudan J. Early childhood caries in preschool children of ambala district: a cross-sectional study. Int J Clin Pediatr Dent. (2022) 15(Suppl 2):S191–6. doi: 10.5005/jp-journals-10005-2150


	12. Rosa LH-A, Katherine JC-C. Clinical consequences of untreated dental caries in young children—an evaluative study. Indian J Dent Res. (2025) 36(2):144–8. doi: 10.4103/ijdr.ijdr_196_24


	13. Yan IG, Zheng FM, Gao SS, Duangthip D, Lo ECM, Chu CH. Effect of application time of 38% silver diamine fluoride solution on arresting early childhood caries in preschool children: a randomised double-blinded controlled trial protocol. Trials. (2022) 23(1):215. doi: 10.1186/s13063-022-06130-1


	14. Oliveira TTdV, Menegaz AM, Rosário AMd, Schardosim LR, Mendes FM, Göettems ML, et al. Impact of dental caries severity and activity on oral health-related quality of life among children aged 8–11 years. Braz Oral Res. (2023) 37:e41. doi: 10.1590/1807-3107bor-2023.vol37.0041


	15. Lin X, Wang Y, Ma Z, Xie M, Liu Z, Cheng J, et al. Correlation between caries activity and salivary microbiota in preschool children. Front Cell Infect Microbiol. (2023) 13:1141474. doi: 10.3389/fcimb.2023.1141474


	16. Lui D-T, Wahab RMA, Kuppusamy E, Hamzaid NH, Hassan MR, Yazid F. Association of early childhood caries and nutritional status: a scoping review. J Clin Pediatr Dent. (2023) 47(3):11–25. doi: 10.22514/jocpd.2023.021


	17. Olatosi OO, Alade AA, Naicker T, Busch T, Oyapero A, Li M, et al. Dental caries severity and nutritional status of Nigerian preschool children. JDR Clin Trans Res. (2022) 7(2):154–62. doi: 10.1177/23800844211002108


	18. Large J, Marshman Z. Does dental caries lead to stunting and wasting in children. Evid Based Dent. (2022) 23(4):144–5. doi: 10.1038/s41432-022-0822-1


	19. Gunay B, Kaya MS, Ozgen IT, Guler EM, Kocyigit A. Evaluation of the relationship between pain inflammation due to dental caries and growth parameters in preschool children. Clin Oral Investig. (2023) 27(7):3721–30. doi: 10.1007/s00784-023-04988-2


	20. Liu M, Song Q, Xu X, Lai G. Early childhood caries prevalence and associated factors among preschoolers aged 3–5 years in Xiangyun, China: a cross-sectional study. Front Public Health. (2022) 10:959125. doi: 10.3389/fpubh.2022.959125


	21. WHO. Oral Health Surveys: Basic Methods. 5th ed. Geneva, Switzerland: World Health Organization (2020).


	22. Wang D, Zhu T, Zhu L, Ji C, Zhou B, Zhang G, et al. Screening of undernutrition in children with hirschsprung disease using preoperative anthropometric parameters: a multicenter cross-sectional study. JPEN J Parenter Enteral Nutr. (2023) 47(1):151–8. doi: 10.1002/jpen.2440


	23. Ndekero TS, Carneiro LC, Masumo RM. Prevalence of early childhood caries, risk factors and nutritional status among 3–5-year-old preschool children in Kisarawe, Tanzania. PLoS One. (2021) 16(2):e0247240. doi: 10.1371/journal.pone.0247240


	24. Mei L, Shi H, Wei Z, Li Q, Wang X. Risk factors associated with early childhood caries among Wenzhou preschool children in China: a prospective, observational cohort study. BMJ Open. (2021) 11(9):e046816. doi: 10.1136/bmjopen-2020-046816


	25. Zhang K, Li J, Lu Z. The prevalence of dental caries in primary dentition in 3- to 5-year-old preschool children in northern China. Biomed Res Int. (2020) 2020:5315236. doi: 10.1155/2020/5315236


	26. Zhang T, Hong J, Yu X, Liu Q, Li A, Wu Z, et al. Association between socioeconomic status and dental caries among Chinese preschool children: a cross-sectional national study. BMJ Open. (2021) 11(5):e042908. doi: 10.1136/bmjopen-2020-042908


	27. Zhang H, Zeng X, Jiang Y, Xu W, Wang X, Li C, et al. The disparity in caries and sealants between migrant and native children in Shanghai: a cross-sectional study. Int J Dent Hyg. (2020) 18(1):84–91. doi: 10.1111/idh.12411


	28. Li RY, Yang DM, Ding N, Bao QY. Analysis of risk factors associated with early childhood caries. Risk Manag Healthc Policy. (2023) 16:2369–78. doi: 10.2147/RMHP.S426712


	29. Olczak-Kowalczyk D, Gozdowski D, Turska-Szybka A. Protective factors for early childhood caries in 3-year-old children in Poland. Front Pediatr. (2021) 9:583660. doi: 10.3389/fped.2021.583660


	30. Ji S, Zhao K, Ma L, Chen X, Zheng D, Lu Y. The association between vitamin D and early childhood caries: a systematic review and meta-analysis. Oral Health Prev Dent. (2024) 22:63–72. doi: 10.3290/j.ohpd.b4928565


	31. Jha A, Jha S, Shree R, Menka K, Shrikaar M. Association between serum ferritin, hemoglobin, vitamin D3, serum albumin, calcium, thyrotropin-releasing hormone with early childhood caries: a case-control study. Int J Clin Pediatr Dent. (2021) 14(5):648–51. doi: 10.5005/jp-journals-10005-2028


	32. Sari RP, Rahayuwati L, Setiawan AS. Eating behavior and caries experience in children with growth stunting. Eur J Dent. (2024) 18(1):161–7. doi: 10.1055/s-0042-1758069


	33. Yen C-E, Lin Y-Y, Hu S-W. Anthropometric Status, diet, and dental caries among schoolchildren. Int J Environ Res Public Health. (2021) 18(13):7027. doi: 10.3390/ijerph18137027


	34. Shinsugi C, Tani Y, Kurotani K, Takimoto H, Ochi M, Fujiwara T. Change in growth and diet quality among preschool children in Tokyo, Japan. Nutrients. (2020) 12(5):1290. doi: 10.3390/nu12051290


	35. Sengupta K, Bihrmann K, Christensen LB, Mortensen LH, Andersen I, Ersbøll AK. Development of geographic inequality in dental caries and its association with socioeconomic factors over an 18-year period in Denmark. BMC Oral Health. (2023) 23(1):662. doi: 10.1186/s12903-023-03373-5


	36. Renggli EP, Turton B, Sokal-Gutierrez K, Hondru G, Chher T, Hak S, et al. Stunting malnutrition associated with severe tooth decay in Cambodian toddlers. Nutrients. (2021) 13(2):290. doi: 10.3390/nu13020290


	37. de Paula JS, Rodrigues PA, Mattos FF, Abreu MHNGd, Chalub LLFH, Zina LG. Mother’s education and family relations protect children from dental caries experience: a salutogenic approach. Braz Oral Res. (2022) 36:e111. doi: 10.1590/1807-3107bor-2022.vol36.0111








[image: Frontiers in Oral Health promotional graphic with an orange background. It highlights the journal's focus on improving oral and cardiometabolic health. "Discover the latest Research Topics" invites readers to explore further. Contact information and address in Lausanne, Switzerland, are provided at the bottom.]


OPS/images/froh-05-1477004/froh-05-1477004-t002.jpg
Healthy oral
cavity

Author, year

D'Agostino et al. (9)

Age group (in
years)

Main microbiota

Firmicutes, istetes, Tenericutes,
Capnocytophaga, Neisseria, Sreptococcus, Kingella, Leptotrichia. Burkholderia, and Strenotrophomas and
Enterobacteriaceae.

5215 Firmicutes, Prevotella, Veillonella,
Neisseria, Rothya, and Haemophilus.
Raksakmanut et al 1 Prevotella nanceiensis, Leptotrichia sp. HMT 215, Prevotella melaninogenica, and Campylobacter concisus
©2)
Kahharova et al. (23) 14 Streptococcus and Gemella
Dental caries | Agnello et al. (31) <6 Veillonella HOT 780, HOT 284, gordonii, sanguinis, and S.
mutars.
Richards et al. (32) 2-7 S. mutans, Scardovia wiggsiae, Parascardovia denticolens, and Lactobacillus salivarius.
Dashper et al. (33) 2 months—4 . mutans, S. sobrinus, V. parvida, Leptotrichia shahii, Scardovia wiggsiae and Leptotrichia IK040.
Hurley et al. (34) <5 Firmicutes, Bacteroidetes, Neisseria, Prevotella, . mutans,
and Scardovia spp.
Zheng et al. (35) 36 . mutans, Lactobacillus fermentum, Neisseria sica, and Veilonella dispar.
Ortiz et al. (36) 2-12 Neisseria flavescens, Rothia aeria, Haemophilus pittmaniae, Lactococcus lactis, Selenomonas, Actinobaculum,
Veillonella parvula, and Alloprevotella.
de Jesus et al. (37) <6 Veillonella dispar, S. mutans, and Neisseria.
Gussy et al. (35) 1 months-6 | S. mutans, Streptococcus sobrinus, Veillonella parvula, Leptotrichia shahi, Scardovia wiggsiae and Leptotrichia
K010
Qudeimat et al. (39) 7-9 Leptotrichia shahii, Prevotella melaninogenica, Veillonella dispar, Leptotrichia HOT 498, and S. mutans.
Dinis et al. (40) 414 . mutans, Veillonella dispar, Streptococcus spp. and Prevotella .
Xuetal (41) 36 spp. Neisseria, Leptotrichia, Lautropia and
MIH Hemndndez et al. (42) 6-12 Catonella, Fusobacterium, Campylobacter, Tannerella, Centipeda, Streptobacillus, and Alloprevotella.
Periodontal Tonetti and 511 A. actinomycetemcomitans, Capnocytophaga sp., Eikenella corrodens, Prevotella intermedia, and
disease Mombelli (54) C rectus.
Asikainen et al. (55) 10 A
Dibart et al. (56) 7 Prevotella intermedia, noxia, ium nucleatum, and bacillt
Kammaet al. (57) 1n Porphyromonas gingivalis, Prevotella intermedia, Capnocytophaga sputigena, Capnocytophaga ochracea, and
Actinobacillus actinomycetemcomitans.
Sixou et al. (50) 4 Z and gingivalis.
Piwat et al. (1) 12-18 Campylobacter species, Prevotella intermedia, and Fusobacterium nucleatum, Porphyromonas gingivalis,
Treponema denticola, and Tannerella forsythia.
Oral cancer | Caui et al. (70) 17 Veillonellaceae, unclassified Firmicutes, C: i iaceae, and
<D Francavilla et al. (52) 86-114 Rothia, Prevotella nanceiensis, S. sanguinis, and Lachnospiraceae.
ASD Hicks et al. (89) 26 Limnohabitans sp. 63ED37-2 and Planctomycetales.
DM Moskovitz et al. (91) 5-15 Streptococcus spp.
Pachoriski et al. (92) 10-18 S. mitis
Carelli et al. (93) 10.4-148 A Sppa il i itans, Prevotella intermedia, Lactobacillus spp. and .
mutarns.
cLp Switala et al. (103) 3-21 . mutans and Lactobacilli

MIH, Molar-incisor hypomineralization; CD, celiac disease; ASD, autism spectrum disorder; DM, diabetes mellitus; CLP, deft lip and/or palate.





OPS/images/froh-05-1503221/crossmark.jpg
(®) Check for updates.





OPS/images/back-cover.jpg
Frontiers in
Oral Health

Investigates and improves the diagnosis and
treatment of oral diseases.

An exciting journal forging new pathways
toimprove oral and cardiometabolic health,
therefore having a positive impact on overall
health and wellness.

Discover the latest
Research Topics

Oral Health

Frontiers

Avenue do Trbunal-Fédéral 34
1005 Lausanne, Switzerland.
fontersinorg

Contactus

+41(01215101700
frontersn ro/about/contact






OPS/images/froh-05-1503221/froh-05-1503221-g001.jpg





OPS/images/froh-05-1461959/ld.jpg





OPS/images/froh-05-1461959/MathJax.js
/*************************************************************
 *
 *  MathJax.js
 *  
 *  The main code for the MathJax math-typesetting library.  See 
 *  http://www.mathjax.org/ for details.
 *  
 *  ---------------------------------------------------------------------
 *  
 *  Copyright (c) 2009-2012 Design Science, Inc.
 * 
 *  Licensed under the Apache License, Version 2.0 (the "License");
 *  you may not use this file except in compliance with the License.
 *  You may obtain a copy of the License at
 * 
 *      http://www.apache.org/licenses/LICENSE-2.0
 * 
 *  Unless required by applicable law or agreed to in writing, software
 *  distributed under the License is distributed on an "AS IS" BASIS,
 *  WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
 *  See the License for the specific language governing permissions and
 *  limitations under the License.
 */

if (!window.MathJax) {window.MathJax = {}}

MathJax.isPacked = true;
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Independent variables (n) Age (year) p-value p-value

4 Female
Tonsil grading 0943 0043
1(546) 58 (37.9) 285 (409) 203 (14.8) 271 (37.8) 275 (43.6)
11 (609) 74 (484) 313 (449) 222 (44.6) 331 (46.2) 278 (44.1)
111 (193) 21 (137) 99 (142) 73 (147) 115 (16.0) 78 (12.4)
Spacing 0433 0.001%
No (616) 77 (50.3) 318 (45.6) 221 (44.4) 298 (41.6) 318 (50.4)
Yes (732) 76 (49.7) 379 (54.4) 277 (55.6) 419 (58.4) 313 (49.6)
Crowding 0310 0344
No (1,220) 136 (88.9) 639 (91.7) 445 (89.4) 654 (91.2) 566 (89.7)
Yes (128) 17 (L) 58 (8.30) 53 (10.6) 63 (8.80) 65 (103)
Saliva secretion (ml/min) 0000 0072
<025 (310) 54 (353) 162 (23.2) 94 (18.9) 151 (21.1) 159 (252)
2025 (1,038) 99 (64.7) 535 (76.8) 404 (81.1) 566 (78.9) 472 (748)
Saliva buffering capability (pH) 0.000" 0076
<35 (354) 57 (37.3) 184 (26.4) 113 (22.7) 170 (23.7) 184 (29.2)
35-475 (670) 74 (48.4) 354 (508) 242 (48.6) 369 (51.5) 301 (47.7)
>4.75 (324) 22 (144) 159 (22.8) 143 (28.7) 178 (24.8) 146 (23.1)
Plaque index 0752 0051
0-1 (444) 57 (373) 230 (33.0) 157 (31.5) 216 (30.1) 228 (36.1)
12 (715) 76 (49.7) 367 (52.7) 272 (54.6) 392 (54.7) 323 (51.2)
2-3 (189) 20 13.1) 100 (143) 69 (139) 109 (15.2) 80 (127)
Cariostat score 0.000" 0208
0-1 (246) 37 (242) 143 (20.5) 66 (133) 122 (17.0) 124 (19.7)
1-2 (659) 87 (569) 332 (47.6) 240 (48.2) 366 (51.1) 293 (46.4)
2-3 (443) 29 (19.0) 222 (319) 192 (38.6) 229 (31.9) 214 (339)
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Independent variables (n) ECC-free (n = 365) ECC (n =983) p-value® Mean dmft p-value
n (%) n (%) [3)

Gestational age 0950 0803
Preterm birth (106) 28 (26.4) 78 (73.6) 473+4.99
Term birth (1,154) 312 (27.0) 842 (73.0) 496+4.95
Post-term birth (88) 25 (28.4) 63 (71.6) 560 +5.86

Saliva secretion (ml/min) 0377 0618°
<025 (310) 90 (29.0) 220 (71.0) 502+532
2025 (1,038) 275 (265) 763 (735) 497493

Saliva buffering capability (pH) 0.066 0.001°
<35 (354) 96 (27.1) 258 (72.9) 475+4.85
3.5-4.75 (670) 166 (24.8) 504 (75.2) 548519
>4.75 (324) 103 (318) 504 (682) 4212472

Plague index <0.001 <0001°
0-1 (444) 154 (34.7) 290 (653) 351402
12 (715) 175 (245) 36 (19.0) 540 (75.5) 527+503
2-3 (189) 153 (81.0) 7.35+5.93

Cariostat score <0.001 <0001°
0-1 246) 115 (467) 131 (53.3) 232+316
1-2 (659) 211 (320) 448 (68.0) 405459
2-3 (443) 39 (88) 404 (912) 786513

Tonsil grading 0026 0.04°
1(546) 158 (289) 388 (71.1) 465581
11 (609) 170 (279) 439 (721) 511523
2111 (193) 37 (19.2) 156 (80.8) 5534386

Crowding 0.792 0.628"
No (1,220) 332 (27.2%) 888 (72.8%) 501503
Yes (128) 33 (25.8%) 95 (74.2%) 470=4.89

Spacing <0.001 <0.001°
No (616) 136 (22.1%) 480 (77.9%) 587541
Yes (732) 229 (313%) 503 (68.7%) 4242454

Mother's education level 0.008 0002°
Junior or below (297) 60 (202) 237 (79.8) 570526
High or secondary (468) 130 (27.8) 338 (122) 510500
Tertiary or above (583) 175 (300) 408 (70.0) 4532487

Father's education level 0.063 0.004°
Junior or below (261) 64 (24.5) 197 (75.5)
High or secondary (489) 120 (245) 369 (75.5)
Tertiary or above (598) 181 (303) 417 (69.7) 450=4.81

Primary caregiver 0711 0249°
Father (41) 12 (293) 29 (707) 405439
Mother (1,051) 279 (265) 772 (735) 508501
Other people (256) 74 (28.9) 182 (71.1) 474+5.16

One-child family 0.001 <0.001”
No (1,106) 275 (249) 831 (75.1) 518505
Yes (242) 90 (37.2) 152 (62.8) 4102479

Monthly family income (RMB) 0018 0051°
<4,000 (141) 33 (23.4) 108 (76.6) 555531
4,001-8,000 (317) 67 (21.1) 250 (789) 541511
8,001-12,000 (471) 143 (304) 328 (69.6) 480=4.92
>12,000 (419) 122 (29.) 297 (709) 468495

Feeding methods (first 6 months) 0185 0443°
Exclusive breastfeeding (695) 175 (252) 520 (748) 514+509
Exclusive bottle-feeding (174) 55 (31.6) 119 (68.4) 470+4.83
Mixed feeding (479) 135 (282) 344 (718) 4872499

Duration of breastfeeding 0.055 0.038°
<1 month (175) 56 (32.0) 119 (58.0) 467483
1-6 months (360) 109 (303) 251 (69.7) 446481
6.1-12 months (540) 139 (257) 401 (743)
>12 months (273) 61 (22.3) 212 (77.7)

Duration of botle-feeding 0503 0.706°
0-12 month (381) 99 (26.0) 282 (74.0) 507 +4.94
12.1-18 months (352) 90 (25.6) 262 (74.4) 5.00 + 4.96
>18 months (615) 176 (28.6) 439 (714) 4932511

Sleeping with bottle (milk or sweetened drink in bottle) 0376 0.001°
No (1,277) 349 (27.3) 928 (72.7) 484+4.89
Yes (71) 16 (22.5) 55 (775) 751644

Frequency of dental visit 0022 <0001°
Never (744) 220 (29.6) 524 (70.4) 450+4.82
Irregularly (520) 119 (229) 401 (77.1) 580528
Regularly (84) 26 (31.0) 58 (69.0) 4212435

Age of first dental visit 0028 <0001°
Never (744) 220 (296) 524 (704) 450482
<3 years (331) 87 (263) 244 (737) 501491
>3 years (273) 58 (21.2) 215 (788) 6272545

Age that starts tooth brushing 0.001 0.001°
6 months (93) 40 (43.0) 53 (57.0) 326419
1-year-old (227) 65 (28.6) 162 (71.4) 4942521
2-year-old (533) 144 (27.0) 389 (73.0) 496504
3-year-old and above (495) 116 (23.4) 379 (766) 535+5.00

Brushing frequency daily 0.011 0.051°
<1 on average or never (248) 65 (26.2) 183 (73.8) 552+5.22
1(680) 164 (24.1) 516 (75.9) 496=4.80
22 (420) 136 (324) 284 (67.6) 4712523

Parents’ assist on brushing 0153 0013
No (179) 45 (25.1) 134 (74.9)
Occasionally (828) 214 (25.8) 614 (74.2)
Often (342) 106 (31.1) 235 (68.9) 440+4.87

Use of dental floss or mouthwashes 0564 0.961°
No (1,117) 306 (27.4) 811 (726) 502+508
Yes (231) 59 (25.5) 172 (74.5) 4832474

Sugary snacks before bed <0.001 <0001°
Never (318) 120 (37.7) 198 (62.3) 372+4.48
Occasionally (926) 218 (235) 708 (76.5) 5342509
Often (104) 27 (26.0) 77 (74.0) 566531

Frequency of snacking daily 0317 0.005
2 times or less (753) 212 (282) 541 (718) 462485
More than2 times (595) 153 (25.7) 442 (743) 545520

*Chi-square test; "Mann-Whitney U-test; “Kruskal-Wallis test.
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Country ?Prevalence of untreated Prevalence of untreated | Legal instrument Specific legal Summary of content of legal instrument on child

caries in primary teeth (at | caries in permanent teeth | on child neglect | instrument on child dental neglect
age 1-9 years) (at age 5+ years) dental neglect

WHO Africa Region

Nigeria 355% 23.9% ¥ N + Not applicable

South Africa 410% 27.9% Y N

Sudan 2.1% 35.5% v N

Tanzania 225% 327% Y N

Zimbabwe 44.7% 27.0% T N

WHO The Americas Region

Argentina 41.0% 36.9% Y N + Not applicable

Brazil 46.4% 25.9% Y N + Not applicable

Canada 389% 25.1% Y N + Not applicable

Chile 466% 495% Y N + Not applicable

Mexico 44.0% 23.6% Y N «  Not applicable

Peru 446% 38.2% Y N + Not applicable

United States of 426% 243% Y Y + Of the 51 USA jurisdictions with Child Neglect Laws in place, eight specify

America “dental” in their definition of child neglect. These are: (i) New Jersey: N.J. Rev.
Stat. § 3A:51-7.1; (2) New York: 18 NYCRR 433.; (3) Olahoma: Okla. Stat.tit
10, 5 1-2-105; (4) Oregon: OAR 407-045-0887; (5) Pennsylvania: 23 Pa.C:S. §
6301-6385; (6) Utah: Utah Code § 78A-6-105; (7) Virginia: 22VACA40-705-30;
Va. Code Ann. § 632-100; (8) Wisconsin: Wis. Adm. Code DHS § 88.02

+ Fortyfive US jurisdictions (88%) include medical neglect in their definitions of
child neglect, with several jurisdictions considering dental neglect as a part of
medical neglect.

+ All 51 US jurisdictions protect mandated reporters (i.., dentists) from civil and
criminal liability when a report is made in “good faith”.

+ All 51 US jurisdictions have sanctions for a mandated reporter’ failure to report
neglect. These include the possibility for parents to face criminal charges which
can result in fines, probation, or even imprisonment; child protective services
may become involved, and the child may be removed from the parent’s custody if
it's determined that the neglect poses a serious risk to the child’s health and well-
being; Courts may order the parent to provide necessary dental care for the childs
parents may be required to attend parenting classes to learn about proper child
care, including dental hygiene.

+ The specific actions vary by jurisdiction. However, the primary concern in such
cases is the well-being and health of the child, and the legal system aims to ensure
that neglected children receive the necessary care and protection.

+ A conviction for child dental neglect can have long-term consequences, affecting
the parent’s record and fture legal matters.

+ Cruelty to a child attracts an offence range from community order to § years’
custody, with a maximum of 10 years' custody’.

+ Sanctions vary by jurisdiction and include fines, impri or both (214).

Uruguay 42.9% 37.6% Y N «  Not applicable

WHO Eastern Medi Region

Egypt 441% 30.4% ¥ N + Not applicable

Iran 46.7% 33.6% Y N

Libya 441% 36.0% N N

Jordan 28% 385% Y N

Qatar 46.0% 33.6% ¥ N

Saudi Arabia 53.2% 38.8% i 4 4

WHO Europe Region

taly 36.1% 29.6% Y N + Not applicable

Latvia 475% 35.7% Y N

Serbia 49.1% 4L1% Y N

United Kingdom 195% 30.6% ¥ Y + The legislation to prevent child maltreatment and neglect includes the Children
Act 1989 (215); and the recommendations are in the Working Together to
Safeguard Children.

+ The National Institute for Health and Care Excellence (NICE) highlights two
areas of dental neglect: unexplained oral injuries in the child and persistent
failure to seck dental care for children’s dental problems.

« Specifically, the 2017 NICE guidelines requires that neglect should be considered
if parents or carers have access to but persistently fail to obtain treatment for
their child’s dental caries (tooth decay).

+ If the general practitioners had concerns have been raised about the wellbeing or
safety of a child social services will get involved taking care of the child in the
parent’s home while providing support for the family to improve the child’s
circumstances.

+ Only where this is not possible, and the child is deemed to be at risk of significant
harm should social services take steps to take the child from the parents.

+ The NICE guidelines place the ibility of child dental neglect on parents.

WHO South-East Asia Region

India | 433% | 28.8% | Y | N |+ Not applicable
Indonesia | 46.9% | 288% | ¥ | N |

WHO Western Pacific Region

China | 47.2% | 24.6% | Y | N |+ Not applicable
Hong Kong | No data | No data | ¥ | N |

*World Health Organization (WHO) Global oral health status report 2022: towards universal health coverage for oral health by 2030. Available at: https /1 ho. Accessed: 10 April 2023
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Comments

Suggestions

~ The training is comprehensive
b~ The training is Informative
[~ The training team is professional

= Participants express positive attitude

— The training should incorporate with real cases and videos
I~ The training should incorporate hands-on activities

|~ The content should focus on children's oral disease

[— The training should provide learning material for teacher

|_ The training should provide teaching materials such as
tooth models & booklets

|_ The training should provide more information on
treatment of common dental diseases

-~ Participants support the continuation of the training
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Independent Caries-free Have dental | p-value® Mean ft | Mean dmft | p-value
variables (n) N (%) caries N (%) (+SD) (+SD)
Al children (1,348) 365 (27.0) 983 (73.0) 4852493 0012009 0.1320.67 4992502
Sex 022 0.358"
Boys (717) 184 (25.7) 533 (74.4) 496+ 491 001009 0112061 507502
Girls (631) 181 (287) 450 (71.4) 4732494 001 =008 015073 488503
Age (year) <0.001 <0.001°
3(153) 64 (418) 89 (582) 330420 001008 0072035 338426
4(697) 204 (29.3) 493 (70.7) 464489 001007 0.10=0.63 475496
5 (498) 97 (195) 401 (805) 561504 0012010 019078 581517

*Chi-square test; "Mann-Whitney U-test; “Kruskal-Wallis test.
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Section
1. Close-ended
questions

1. Teacher training essentiality

Questions
Do you agree the teacher training is essential for kindergarten teachers?

2. Lecture informativeness

Do you agree the Lecture provided is informative?

3. Group discussion usefulness

Do you agree the group discussion is useful?

4. Knowledge enhancement in recognize pediatric oral
diseases

Do you agree you become
teacher training?

5. Skills enhancement on delivering oral health
education for kindergarten

Do you agree you become more skillful in providing oral health education to kindergarten
children after the teacher training?

6. General satisfaction

Do you generally satisfy with the teaching training?

2. Open-ended
question

7. Perspective and Suggestions for the training

Please provide your comments suggestions for the teacher training.
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Questions

1. Do you agree the teacher training is essential for kindergarten teachers?

Strongly
agree
1,969 (40.3%)

Agree

2,722 (55.8%)

Neural

177 (3.6%)

Disagree

8 (02%)

Strongly
disagree
6 (0.1%)

2. Do you agree the lecture is informative?

3. Do you agree the group discussion is useful?

1,951 (40%)
1,537 (31.5%)

2,729 (55.9%)

2,856 (58.5%)

193 (4%).
465 (9.5%)

5(01%)
20 (0.4%)

4(01%)
4 (0.1%)

4. Do you agree you become more knowledgeable in recognizing childhood oral
diseases after the teacher training?

5. Do you agree you become more skillful in providing oral health education to
kindergarten children after the teacher training?

1,973 (40.4%)

1,811 (37.1%)

2,743 (56.2%)

2,854 (58.5%)

156 (3.2%)

204 (4.2%)

8(02%)

12 (0.2%)

2(0.0%)

1(0.0%)

6. Do you generally satisfy with the teaching training?

1,810 (37.1%)

2,881 (59%)

181 (3.7%)

7 (0.1%)

3 (0.1%)
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