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Objectives: The effect of COVID-19 mitigation measures on different oral health care needs is unclear. This study aimed to estimate the effect of COVID-19 mitigation measures on different types of oral health care utilization needs and explore the heterogeneity of such effects in different countries by using real-time Internet search data.

Methods: Data were obtained from Google Trends and other public databases. The monthly relative search volume (RSV) of the search topics “toothache,” “gingivitis,” “dentures,” “orthodontics,” and “mouth ulcer” from January 2004 to June 2021 was collected for analysis. The RSV value of each topics before and after COVID-19 was the primary outcome, which was estimated by regression discontinuity analysis (RD). The effect bandwidth time after the COVID-19 outbreak was estimated by the data-driven optimal mean square error bandwidth method. Effect heterogeneity of COVID-19 on dental care was also evaluated in different dental care categories and in countries with different human development index (HDI) rankings, dentist densities, and population age structures.

Results: A total of 17,850 monthly RSV from 17 countries were used for analysis. The RD results indicated that advanced dental care was significantly decreased (OR: 0.63, 95% CI: 0.47–0.85) after the COVID-19 outbreak, while emergency dental care toothache was significantly increased (OR: 1.54, 95% CI: 0.99–2.37) 4 months after the COVID-19 outbreak. Compared to the countries with low HDI and low dentist density, the effect was much more evident in countries with high HDI and high dentist density.

Conclusions: COVID-19 mitigation measures have different effects on people with various dental care needs worldwide. Dental care services should be defined into essential care and advanced care according to specific socioeconomic status in different countries. Targeted health strategies should be conducted to satisfy different dental care needs in countries.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has unpredictably and continuously disrupted the delivery of global health care utilization and disrupted essential health services in many countries (1). During the beginning of the pandemic, worldwide lockdown, quarantine, and redistribution of medical resources profoundly impacted the health care utilization of patients with chronic or urgent diseases. One England study reported that the substantial increases in the number of avoidable cancer deaths were expected due to diagnostic delays due to the COVID-19 pandemic (2). A US study showed that the COVID-19 pandemic had affected US psychiatry physicians by raising personal, financial, and ethical concerns (3). Daily increasing cases and deaths in the first wave of COVID-19 at the beginning of 2020 have led to fearing COVID-19 in many countries, and the number of patients who needed and sought emergency medical care services sharply dropped (4). Some patients with severe disease might even experience additional mortality if left untreated (5).

Oral disease is one of the most prevalent chronic diseases globally but is usually neglected (6). More than 3.5 billion people worldwide suffer from untreated dental caries or another oral condition (7). People with oral conditions would like to search online for similar symptoms or disease information on the Internet to relieve symptoms (8, 9). Therefore, this large volume of data generated from online searching behaviors could be analyzed following the concepts of infodemiology and infoveillance, first defined by Eysenbach (10), to identify previous knowledge and concerns of health seekers on a specific issue and to support health strategy planning (11). For example, interest in dental trauma, broken teeth, chipped teeth, knocked-out teeth, avulsed teeth and oral and maxillofacial surgery has shown a general increase in recent years (12, 13). In the dental health field, the most popular queries were markedly associated with symptoms and treatments, with little interest in prevention (14, 15). This phenomenon may be more pronounced during the pandemic. During the COVID-19 pandemic, it is a challenge for many people who seek regular dental examinations and dental cleaning appointments and those with more serious oral health problems to receive dental care in person, since many dental offices worldwide closed during the spring of 2020, given the risk of virus transmission (16). Interest in toothache-related digital information increased significantly after restriction measures were implemented in most countries (17). The search terms “bruxism,” “molars,” “toothache,” “dentist,” and “staying at home” were also increased (18, 19).

People with different oral conditions may have different online health information-seeking motivations and goals during the pandemic. To identify the individual goals of health information seeking, there are many theories to explain the context in which the search for information takes place. The broad and well-known concept of coping encompasses an individual's efforts to prevent or deal with distress, harm, or threat (20). Following the theory of problem- and emotion-focused coping initially proposed by Folkman and Lazarus (21), the goal of information-seeking between people with toothache and orthodontics-need was supposed to be different. People with toothache may tend to search for information about symptom relief or solution (22), while people with orthodontic needs may tend to compare dentists or treatment consequences. In addition, social determinants, including health culture, dentist supply (23), socioeconomic status (24), and aging structure (25), may also impact dental care service utilization, which may impact online health information-seeking behaviors. Analyzing this information may help us to understand the changes in dental health needs during the pandemic.

This study aimed to identify the effect of COVID-19 mitigation measures on different categories of dental care needs, evaluate the influence duration, and explore the heterogeneity of such effects in countries with different characteristics with Google Trends search topics by using a quasi-experimental method.



METHODS


Data Source and Variable Measures
 
Relative Search Volume of Dental Care

This longitudinal retrospective study evaluated dental care-related computational metadata using Google Trends. After reviewing related articles and consulting senior dental experts, five search topics were included (26–29). The relative search volume (RSV) and the main related queries were obtained from the topics “Toothache—Search term,” “Gingivitis—Search term,” “Dentures—Search term,” “Orthodontics—Search term,” and “Mouth ulcer—Search term,” adopting the inclusion criteria of “all categories and sources,” between Jan 2010 and June 2021. The RSV indicates the proportion between the search volume of a specific query by the volume of overall queries performed by users on Google Search, normalized by the maximum value observed in a timeline (RSV = 0–100) and presented on a weekly or monthly basis. Only the countries with complete RSV information during each year were included in the analysis.

Dental care topics were divided into emergency dental care, basic dental care, and advanced dental care for a better understanding of the effect of COVID-19 on different dental care types. Although agreement on the concepts and definition of urgent and basic care is missing in dentistry, particularly in the COVID-19 pandemic context (30), following the concept of a previous study (31), we attempted to classify “toothache,” “gingivitis,” and “mouth ulcers” as basic dental care and “dentures” and “orthodontics” as advanced dental health care. Toothaches represent emergency dental care in basic dental care.



Human Development Index

The human development index (HDI) is a social indicator associated with dental services (32). The HDI is a summary measure of average achievement in key dimensions of human development: a long and healthy life, being knowledgeable and having a decent standard of living. The HDI is the geometric mean of normalized indices for each of the three dimensions, drawn from the United Nations Development Programme open database (33). Having a higher HDI means a higher standard of living. The HDI was ranked “very high,” “high,” “medium,” and “low” in each country by the UNDP. In this study, we set the original “very high” and “high” rank as the “High HDI group” and “medium” and “low” as the “Low HDI group” in the subgroup analysis.



Dentist Density

A lack of sufficient dental service providers is one of the barriers to accessing oral health care (23). Dentist density is defined as the number of dentists per 1,000 population in each country by the World Health Organization (WHO), which describes the convenience of dental care access. We used annual statistical data of dentist density drawn from the WHO from 2006 to 2020 to represent dental service providers. This study categorized the countries with a higher dentist density than the median of sum into the high dentist density group.



Population Age Structure

Dental care is different among populations with different age structures (25). The population age structure was drawn from World Bank demographic data from 2006 to 2019 (34). Following the definition of aged countries from the World Bank, we considered countries with a population over 65 years old above 14% as aged countries (35), while 65 years old below and equal to 14% were considered non-aged countries.




Study Design

Sharp regression discontinuity (RD) was used to analyze the effect of the COVID-19 mitigation measures on dental care needs. RD is a quasi-experimental study design that identifies causal effects by deterministically exploiting a treatment assignment practice based on a continuously measured variable (36, 37). In this study, let L represent the treatment variable. L = 1 means the mitigation measures of COVID-19 (and L = 0). After March 2020, many countries imposed a national lockdown as a mitigation measure for COVID-19 to control coronavirus spread.

Let C represent the potential outcome (RSVs). For each country, we defined the potential outcome variables C1 and C0, corresponding to L1 and L0. The difference in dental disease RSVs before and after the COVID-19 outbreak was:
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[image: image] is the average treatment-on-the-treated effect of RSVs in various countries. Such an effect depends on the impact of COVID-19 pandemic mitigation measures. [image: image] is selection bias, which summarizes all kinds of potential factors correlated with RSVs. Such bias should tend to zero when we restrict our sample to applicants close enough to the cutoff, while the incidence of dental healthcare still changes (discontinuously) at the cutoff. Therefore, comparing dental healthcare within a sufficiently narrow bandwidth of the cutoff but on opposite sides of it identifies the treatment effect of COVID-19 mitigation measures.

Let X represent the forcing variable, which denotes the timing of the pandemic outbreak with X = 0 at the cutoff, so L = 1 after X = 0 is a “treatment assignment” that is equal to 1 for RSVs after the cutoff. We set March 2020 as the cutoff point because from March 1st, 2020 to April 1st, 2020, new cases of COVID-19 sharply increased from 1,734 to 57,655. In March 2020, the World Health Organization declared COVID-19 to be a global pandemic (38). Then, the difference in limits [image: image] identifies the effect of L on RSVs near the cutoff. The bandwidth of all dental care services around March 2020 was determined using the data-driven optimal mean square error bandwidth method (39).



Statistical Analysis

The descriptive analysis presented the characteristics of the participants against discount eligibility. Then, we adopted the RD approach to estimate the effect of the COVID-19 mitigation measures on different categories of dental care needs during a specific period. Graphical analysis was used to describe the RSV changes on both sides of the cutoff timing, conditional on the fixed effect of timing, country, and dental diseases. We also conducted placebo tests using outcomes that occurred during March 2019 and thus could not have been affected by the COVID-19 outbreak. A t-test was performed to demonstrate the differences in RSV between 12 months before and 12 months after COVID-19 onset through P-Values. Then, we estimated the heterogeneity of the COVID-19 impact on dental care needs among countries with different HDIs, dentist densities, and population age structures in the subgroup analysis. Odds ratios (ORs) and 95% confidence intervals (95% CIs) were reported. P < 0.05 was considered statistically significant. All analyses were performed by STATA 14.0 (Stata Corporation, College Station, TX, United States).




RESULTS


Descriptive Information

Figure 1 shows the RSV trends of five search topics in all countries from Jan 1st 2010 to Dec 31st 2021. Seventeen countries with sufficient monthly RSV information remained for analysis. These countries included Australia, Canada, France, Germany, India, Ireland, Malaysia, New Zealand, Pakistan, the Philippines, Saudi Arabia, Singapore, South Africa, Spain, the United Arab Emirates, the United Kingdom, and the United States of America. During 2010–2021, the RSV curves of “orthodontics,” “toothache,” and “dentures” gradually increased over time, while the curves of “gingivitis” and “mouth ulcers” seemed flat. However, during March 2020, the curve showed a fluctuation.


[image: Figure 1]
FIGURE 1. Search volume index of different dental care keywords using Google Trends, 2010–2021.


Table 1 reports descriptive information on the RSVs, HDI, dental density, and population age structure for the overall sample. A total of 17,850 RSV samples were analyzed in the total sample, and each dental type contained 3,570 samples. The mean RSVs of toothache, gingivitis, dentures, orthodontics, and mouth ulcers were 13.91, 9.13, 9.94, 16.14, and 7.74, respectively. The HDI mean was 0.767, and the mean dentist density was 4.093. The mean population aged >65 years was 10.47%.


Table 1. Descriptive information of search volume index, human develop index, dentist's density, and age structure.

[image: Table 1]

Table 2 shows the country category information in different groups of HDIs, dentist densities, and population age structure classifications. For instance, Australia is a country with high HDI, high dentist density and an aged population.


Table 2. Country categories in HDI, dentist density, and population age structure.
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Heterogeneous Effects of COVID-19 on Different Dental Care Utilization Needs

First, we separately analyzed the effect of COVID-19 on each specific dental care in all sampled countries. Table 3 shows regression continuity estimates using the residual RSV (log) as the dependent variable, adjusted by the fixed effect of month and time trend. The RSV of “dentures” (OR: 0.60, 95% CI: 0.37–0.94) and “orthodontics” (OR: 0.63, 95% CI: 0.40–0.97) were significantly reduced during the bandwidth. Comparatively, the RSV of “toothache” (OR: 1.54, 95% CI: 0.99–2.37) was significantly increased in the COVID-19 mitigation measures at a significance level of 0.1. RSV of “gingivitis” (OR: 0.86, 95% CI: 0.52–1.42) and “mouth ulcer” (OR: 1.06, 95% CI: 0.59–1.89) had no clear discontinuities. Such an RD plot is reported in Figure 2. Figure 2 plots the discontinuities of the RSV, conditional on the timing of the COVID-19 mitigation measures. The curves were the averages of the logarithmic value of RSV across bandwidth bins of X to the left and right of the cutoff. The vertical solid lines are the predicted outcomes and associated confidence intervals based on a polynomial regression. Following Gelman and Imbens (40), we considered a quadratic polynomial in X in the baseline specification. The bandwidth was approximately 4 months. The sensitivity analysis of bandwidth is shown in Supplementary Figure S1. The discontinuity in the predicted RSV at the cutoff equals the changeable effects of RSV before the cutoff.


Table 3. Regression continuity estimates of COVID-19 on five dental care searching topics.

[image: Table 3]


[image: Figure 2]
FIGURE 2. Regression discontinuity plot of topics of dentures, orthodontics, toothache, gingivitis, and mouth ulcer in March 2020.




Impact of COVID-19 Mitigation Measures on Categorized Dental Care Needs

Then, we analyzed the impact of COVID-19 on all types of dental health care and basic and advanced dental care needs in 2020 and in placebo time 2019 in all sampled countries separately. First, T-tests showed that there was no significant RSV difference before 12 and 12 months after the onset of COVID-19 (Table 4), which indicated that the 4-month fluctuation of RSV was associated with COVID-19 mitigation measures. In addition, after adjusting for country and disease fix effects (Table 5), advanced dental care significantly declined (aOR: 0.63, 95% CI: 0.47–0.85) due to COVID-19 mitigation measures, while there was no significant change in placebo time in 2019. The corresponding RD plots are reported in Supplementary Figure S2. The effect of COVID-19 on advanced dental care and basic dental care in different countries is shown in Supplementary Figure S3.


Table 4. Differences of RSV between pre-pandemic period with the pandemic period (12 months before and 12 months after onset) using T-Test.

[image: Table 4]


Table 5. Estimates coefficients of regression discontinuity of dental care SVIs at baseline and after adjusting fix effect of country and disease.
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Subgroup Analysis in Categorized Countries With Different HDI Ranks, Dentist Densities, and Age Structures

In the countries with a high HDI rank (Table 6), the RSV of dentures (OR: 0.61, 95% CI: 0.37–0.97) were significantly reduced, while the RSV of toothaches (OR: 1.61, 95% CI: 1.07–2.39) were increased. The RSV of dentures (OR: 0.55, 95% CI: 0.31–0.97) and orthodontics (OR: 0.61, 95% CI: 0.38–0.96) were significantly reduced, and toothache was significantly increased (OR: 1.85, 95% CI: 1.14–3.01) in countries with high dentist density. The RSV of orthodontics (OR: 0.61, 95% CI: 0.34–1.08) and gingivitis (OR: 0.56, 95% CI: 0.31–0.98) were significantly reduced in countries with a low percentage of the aged population. However, all the RSVs of toothache increased in all types of countries, with different significance. The corresponding RD plot was reported in appendix Supplementary Figure S4.


Table 6. Regression continuity estimates of COVID-19 on five dental care keywords in countries with different backgrounds.
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DISCUSSION

This primary finding of this study showed that the RSV of toothache increased by 1.54 times in approximate 4 months after the COVID-19 mitigation implementation in March 2020, while the need for orthodontics and dentures decreased by nearly 40% among 17 countries in the world, using Google Trends searching topics with a quasi-experimental analysis. Such trends are more evident in countries with a high HDI and high dentist density than in countries with a lower HDI and low dentist density.

This finding observed that the sudden effect time of COVID-19 mitigation measures on global dental health care needs lasted about 4 months, which means such online dental care searching interest fluctuation lasted till July, 2020. The results were consistent with but more generalized than those of previous studies in estimating the effect of COVID-19 on dental care utilization. A study from the United States showed that in the first few days of June, 71% of dental clinics were open, but the number of patients was less than usual (41). By June 20, the number of weekly visits rebounded sharply (42). Another survey indicated that 71.1% of dentists would reopen dental clinics on May 20, 2020 (43). The present findings indicated that the estimated effect duration of the COVID-19 mitigation measure on dental care needs was longer than expected. Compared to cardiovascular diseases and diabetes that recovered in early April 20 (44), the recovery time of dental care needs seems to be longer than that of other severe chronic diseases. This may be related to the fact that a lower priority of dental care was in most people's minds, and it is believed that dental disease is not harmful to general health compared to severe chronic diseases. In the present study, the estimation of the time discontinuity of dental care needs is essential for all stakeholders when confronting a similar situation because of the continuous impact of COVID-19, such as new wave outbreaks caused by the Omicron Variant at the end of 2021 (45).

The findings of this study identified the heterogeneous effect of COVID-19 mitigation measures on different dental care categories. The search term “toothache” was significantly sharply increased after mitigation of COVID-19, which was consistent with previous studies (17, 19). The sharp increase in the need for emergency dental care may be related to stress, changes in diet patterns and oral hygiene behaviors during the pandemic, and delayed care (46). These changes predicted that the burden of untreated dental diseases would increase rapidly in a short time (47, 48). Dental professionals should be prepared to face the increasing demand for emergency dental care and adverse clinical outcomes in a short time after the outbreak of the COVID-19 epidemic (49). Comparatively, this finding observed a similar decline in the need for orthodontics (50). This phenomenon could be explained by the different motivations for searching activities online in the context of the pandemic. The decline in orthodontics and dentures may be related to the lower priority of non-urgent oral health during the pandemic. Dental professionals who specialized in such fields should prepare for facing short term financial stress of clinics operation.

Interestingly, COVID-19 mitigation had a greater effect on increasing toothache in countries with a high human development index and high dentist density. This phenomenon indicated that the prevalence of dental disease onset, especially emergency dental diseases, did not decline even in countries with better socioeconomic backgrounds. This may be related to the traditional dental care always focused on treating symptoms of dental diseases rather than emphasizing prevention (51). Shifting more toward prevention-centric approaches to care and away from surgical interventions should be considered in the future (52). This finding also reflect the socioeconomic disparities of dental care that are profoundly persistent in the world (53). People from countries with a high human development index and high dentist density may have more conveniently routine dental care accessibility and better oral health perception. Their urgent dental needs could be instantly satisfied due to sufficient dental care supplies before mitigation (54). Therefore, they felt more affected and had more online dental health information seeking behaviors during the pandemic. This may be related to the existing inequalities and heterogeneity in dental care between countries rather than the lower priority of oral health care during the pandemic. The COVID-19 pandemic seems to have revealed such inequalities (53). Eliminating socioeconomic disparities in dental care should be considered when developing public health strategies. In a short period, dental professionals should implement different health management strategies for primary dental care and advanced dental care during the lockdown period to satisfy different dental needs. Increasing preventive dental intervention to reduce acute dental disease should be persistently encouraged in the long run. Essential oral health care should be given priorities according to specific development status in countries when considering oral health care in the primary care system (30).

There are several limitations to this study. First, countries that do not use Google or lack sufficient data are excluded. Therefore, these results may reflect a potential trend of countries using Google, but they are not representative of all countries. Second, the RSV of dental care can provide us with a broad perspective to analyze real-time global health care demand. However, due to repeatedly searching of the same user, RSV may be higher than the actual dental needs. Third, we used five specific dental diseases to represent the different dental care, which only represents a part of dental diseases. Other dental diseases may be overlooked in the analysis. Future research may consider using an extensive database to evaluate more accurate results. Fourth, we assessed the short-term impact on dental health. Considering that the pandemic is still ongoing, researchers should use longitudinal data to evaluate the long-term effect on dental care. Future studies need to summarize our findings.

Despite these limitations, this research shows several advantages. First, we used a quasi-experimental method to estimate the causal effect of COVID-19 on global dental care. To the best of our knowledge, this is the first article to analyze the causal impact of COVID-19 mitigation measures on global dental care needs by using Internet search data. Second, we gave quantitative estimates of the sudden impact of COVID-19 on dental care. The estimates, including the duration and a specific disease, could provide a reference for the recovery time after the pandemic. By using this data-driven estimation time, dentists could prepare for shutdown hours and reduce economic pressure (55). Third, health care decision-makers could redistribute different dental resources to reduce harmful consequences caused by the unexpected pandemic on the dental care market.



CONCLUSION

The influence of COVID-19 mitigation measures was different in dental care categories and different countries. The mitigation measure of COVID-19 exposed the existing disparities in dental care utilization and insufficient preventive dental care. Eliminating socioeconomic disparities in dental care should be considered when developing public health strategies.



DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: Dental care SVIs are available at https://trends.google.com/trends/?geo=US. HDI rank is available at http://hdr.undp.org/en/content/human-development-index-hdi. Dentist density is available at https://www.who.int/data/gho/data/indicators/indicator-details/GHO/dentists-(per-10-000-population). Age structures are available at https://data.worldbank.org/indicator/SP.POP.1564.TO.ZS.



AUTHOR CONTRIBUTIONS

XQ contributed to the conception, design, data acquisition, analysis, interpretation, drafted, and critically revised the manuscript. CXY contributed to the analysis and critically revised the manuscript. QYH and ZRL contributed to the analysis and interpretation and critically revised the manuscript. SH contributed to the conception, data interpretation, drafted, and critically revised the manuscript. WZ contributed to the conception, acquisition and analysis, and critically revised the manuscript. DL contributed to the design, acquisition, drafted the manuscript, and critically revised the manuscript. All authors gave final approval and agree to be accountable for all aspects of the work ensuring integrity and accuracy.



FUNDING

This study was supported by the National Natural Science Foundation of China, No. 71904136 and the Sichuan Science and Technology Agency, No. 2020YFS0582. The funding organization had no role in the study design, implementation, analysis, or interpretation of the data.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2022.890469/full#supplementary-material



ABBREVIATIONS

COVID-19, coronavirus disease 2019; RD, regression discontinuity; RSV, relative search volume; HDI, human development index; OR, Odds ratios; CI, confidence intervals.



REFERENCES

 1. Begun JW, Jiang HJ. Health care management during Covid-19: Insights from complexity science. NEJM Catalyst Innov Care Deliv. (2020) 1. 

 2. Maringe C, Spicer J, Morris M, Purushotham A, Nolte E, Sullivan R, et al. The impact of the COVID-19 pandemic on cancer deaths due to delays in diagnosis in England, UK: a national, population-based, modeling study. Lancet Oncol. (2020) 21:1023–34. doi: 10.1016/S1470-2045(20)30388-0

 3. Bojdani E, Rajagopalan A, Chen A, Gearin P, Olcott W, Shankar V, et al. COVID-19 pandemic: impact on psychiatric care in the United States. Psychiatry Res. (2020) 289:113069. doi: 10.1016/j.psychres.2020.113069

 4. Tam CF, Cheung KS, Lam S, Wong A, Yung A, Sze M, et al. Impact of coronavirus disease 2019 (COVID-19) outbreak on ST-segment-elevation myocardial infarction care in Hong Kong, China. Circ Cardiovasc Qual Outcomes. (2020) 13:e006631. doi: 10.1161/CIRCOUTCOMES.120.006631

 5. Hartnett KP, Kite-Powell A, DeVies J, Coletta MA, Boehmer TK, Adjemian J, et al. Impact of the COVID-19 pandemic on emergency department visits—United States, January 1, 2019–May 30, 2020. MMWR Morb Mortal Wkly Rep. (2020) 69:699–704. doi: 10.15585/mmwr.mm6923e1

 6. Watt RG, Daly B, Allison P, Macpherson LMD, Venturelli R, Listl S, et al. Ending the neglect of global oral health: time for radical action. Lancet. (2019) 394:261–72. doi: 10.1016/S0140-6736(19)31133-X

 7. Benzian H, Guarnizo-Herreño CC, Kearns C, Muriithi MW, Watt RG. The WHO global strategy for oral health: an opportunity for bold action. Lancet. (2021) 398:192–4. doi: 10.1016/S0140-6736(21)01404-5

 8. Wang X, Shi J. Kong H. Online health information seeking: a review and meta-analysis. Health Commun. (2021) 36:1163–75. doi: 10.1080/10410236.2020.1748829

 9. Lee K, Hoti K, Hughes JD, Emmerton LM. Consumer use of “Dr Google”: a survey on health information-seeking behaviors and navigational needs. J Med Internet Res. (2015) 17:e288. doi: 10.2196/jmir.4345

 10. Eysenbach G. Infodemiology and infoveillance: framework for an emerging set of public health informatics methods to analyze search, communication and publication behavior on the internet. J Med Internet Res. (2009) 11:e1157. doi: 10.2196/jmir.1157

 11. Mavragani A. Infodemiology and infoveillance: scoping review. J Med Internet Res. (2020) 22:e16206. doi: 10.2196/16206

 12. Simsek H, Kardes S, Kilic M, Kardes E. Trends and seasonality in public interest in dental trauma: insights from google trends. Int J Paediatr Dent. (2021) 1–9. doi: 10.1111/ipd.12926

 13. Shen JK, Every J, Morrison SD, Massenburg BB, Egbert MA, Susarla SM. Global interest in oral and maxillofacial surgery: analysis of Google trends data. J Oral Maxillofac Surg. (2020) 78:1484–91. doi: 10.1016/j.joms.2020.05.017

 14. Aguirre PE, Coelho M, Oliveira T, Rios D, Cruvinel AF, Cruvinel T. What can Google inform us about people's interests regarding dental caries in different populations? Caries Res. (2018) 52:177–88. doi: 10.1159/000485107

 15. Aguirre PEA, Lotto M, Strieder AP, Cruvinel T. Digital surveillance: monitoring the activity of internet users searching for information related to early childhood caries. Health Informatics J. (2022) 28:14604582211073057. doi: 10.1177/14604582211073057

 16. Hajek A, De Bock F, Huebl L, Kretzler B, König H-H. Post-poned dental visits during the COVID-19 pandemic and their correlates. evidence from the nationally representative COVID-19 snapshot monitoring in Germany (COSMO). Healthcare. (2021) 9:50. doi: 10.3390/healthcare9010050

 17. Rizzato VL, Lotto M, Lourenço Neto N, Oliveira TM, Cruvinel T. Digital surveillance: the interests in toothache-related information after the outbreak of COVID-19. Oral Dis. (2021) 1–10. doi: 10.1111/odi.14012

 18. Kardeş E, Kardeş S. Google searches for bruxism, teeth grinding, and teeth clenching during the COVID-19 pandemic. J Orofac Orthop. (2021). doi: 10.1007/s00056-021-00315-0

 19. Sycinska-Dziarnowska M, Paradowska-Stankiewicz I. Dental challenges and the needs of the population during the Covid-19 pandemic period. Real-time surveillance using Google trends. Int J Environ Res Public Health. (2020) 17:8999. doi: 10.3390/ijerph17238999

 20. Carver CS, Connor-Smith J. Personality and coping. Annu Rev Psychol. (2010) 61:679–704. doi: 10.1146/annurev.psych.093008.100352

 21. Folkman S, Lazarus RS. An analysis of coping in a middle-aged community sample. J Health Soc Behav. (1980) 21:219–39. doi: 10.2307/2136617 

 22. Cruvinel T, Ayala Aguirre PE, Lotto M, Marchini Oliveira T, Rios D, Pereira Cruvinel AF. Digital behavior surveillance: monitoring dental caries and toothache interests of Google users from developing countries. Oral Dis. (2019) 25:339–47. doi: 10.1111/odi.12986

 23. Ghoneim A, Yu B, Lawrence HP, Glogauer M, Shankardass K, Quiñonez C. Does competition affect the clinical decision-making of dentists? A geospatial analysis. Community Dent Oral Epidemiol. (2020) 48:152–62. doi: 10.1111/cdoe.12514

 24. Lotto M, Aguirre PE, Strieder AP, Cruvinel AF, Cruvinel TJP. Levels of toothache-related interests of Google and YouTube users from developed and developing countries over time. PeerJ. (2019) 7:e7706. doi: 10.7717/peerj.7706

 25. Harford J. Population aging and dental care. Community Dent Oral Epidemiol. (2009) 37:97–103. doi: 10.1111/j.1600-0528.2008.00441.x

 26. Patthi B, Kumar JK, Singla A, Gupta R, Prasad M, Ali I, et al. Global search trends of oral problems using Google trends from 2004 to 2016: an exploratory analysis. J Clin Diagn Res. (2017) 11:ZC12–6. doi: 10.7860/JCDR/2017/26658.10564

 27. Buyukcavus MH, Burak K, Orhan H. Assessment of worldwide internet data on the interest in orthodontics: a Google trends analysis. OTJHS. (2020) 5:582–90. doi: 10.26453/otjhs.774921 

 28. Dalanon J, Matsuka Y. A 10-year analysis of internet search trends of the oral health–seeking behavior of Filipinos. Poverty Public Policy. (2020) 12:175–87. doi: 10.1002/pop4.280 

 29. Wang J, Zhang T, Lu Y, Zhou G, Chen Q, Niu B. Vesicular stomatitis forecasting based on Google trends. PLoS ONE. (2018) 13:e0192141. doi: 10.1371/journal.pone.0192141

 30. Benzian H, Beltrán-Aguilar E, Mathur MR, Niederman R. Pandemic considerations on essential oral health care. J Dent Res. (2021) 100:221–5. doi: 10.1177/0022034520979830

 31. Eddy DM. What care is'essential'? What services are'basic'? JAMA. (1991) 265:782–8. doi: 10.1001/jama.1991.03460060114036

 32. Pereira FA, de Mendonça IA, Werneck RI, Moysés ST, Gabardo MC, Moysés SJ. Human development index, ratio of dentists and inhabitants, and the decayed, missing or filled teeth index in large cities. J Contemp Dent Pract. (2018) 19:1363–9. doi: 10.5005/jp-journals-10024-2433

 33. Programme UND,. Human Development Index (HDI). (2021). [2021/09/06]. Available online at: http://hdr.undp.org/en/content/human-development-index-hdi (accessed January 12, 2021). 

 34. Bank TW,. Population Ages 15–64 (% of Total Population). (2019). Available online at: https://data.worldbank.org/indicator/SP.POP.1564.TO.ZS (accessed January 12, 2021). 

 35. Bank W,. Approach Paper, World Bank Support to Aging Countries. (2019). Available online at: https://ieg.worldbankgroup.org/sites/default/files/Data/reports/ap_agingcountries.pdf (accessed January 12, 2021). 

 36. Bor J, Moscoe E, Mutevedzi P, Newell M-L, Bärnighausen T. Regression discontinuity designs in epidemiology: causal inference without randomized trials. Epidemiology. (2014) 25:729. doi: 10.1097/EDE.0000000000000138

 37. Venkataramani AS, Bor J, Jena AB. Regression discontinuity designs in healthcare research. BMJ. (2016) 352:i1216-i. doi: 10.1136/bmj.i1216

 38. WHO. WHO Director-General's Opening Remarks at the Media Briefing on COVID-19 - 11 March 2020. (2020). Available online at: https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19-−11-march-2020 (accessed January 12, 2021). 

 39. Imbens G, Kalyanaraman K. Optimal bandwidth choice for the regression discontinuity estimator. Rev Econ Stud. (2012) 79:933–59. doi: 10.1093/restud/rdr043 

 40. Gelman A, Imbens G. Why High-order Polynomials Should not be Used in Regression Discontinuity Designs. National Bureau of Economic Research (2014). No. 20405. doi: 10.3386/w20405 

 41. Kamyar N, Marko, V,. Modeling the Impact of COVID-19 on U.S. Dental Spending — June 2020 Update. (2020). [10/25/2021]. Available online at: http://www.ada.org/~/media/ADA/Science%20and%20Research/HPI/Files/HPIBrief_0620_1.pdf (accessed January 12, 2021). 

 42. Kranz AM, Chen A, Gahlon G, Stein BD. 2020 trends in dental office visits during the COVID-19 pandemic. J Am Dent Assoc. (2021) 152:535–41.e1. doi: 10.1016/j.adaj.2021.02.016

 43. Kateeb ET, Juniedi RN, Warren JJ. Reopening dental offices for routine care amid the COVID-19 pandemic: report from palestine. Int Dent J. (2022), 72:83–92. doi: 10.1016/j.identj.2021.01.017

 44. Wright A, Salazar A, Mirica M, Volk LA, Schiff GD. The invisible epidemic: neglected chronic disease management during COVID-19. J Gen Intern Med. (2020) 35:2816–7. doi: 10.1007/s11606-020-06025-4

 45. Centers for Disease Control and Prevention. Omicron Variant: What You Need to Know. (2021). 

 46. Samuel SR, Kuduruthullah S, Khair AMB, Shayeb MA, Elkaseh A, Varma SR. Dental pain, parental SARS-CoV-2 fear and distress on quality of life of 2 to 6 year-old children during COVID-19. Int J Paediatr Dent. (2021) 31:436–41. doi: 10.1111/ipd.12757

 47. Guo H, Zhou Y, Liu X, Tan J. The impact of the COVID-19 epidemic on the utilization of emergency dental services. J Dent Sci. (2020) 15:564–7. doi: 10.1016/j.jds.2020.02.002

 48. Choi SE, Simon L, Riedy CA, Barrow JR. Modeling the impact of COVID-19 on dental insurance coverage and utilization. J Dent Res. (2021) 100:50–7. doi: 10.1177/0022034520954126

 49. Yakubov D, Ward M, Ward B, Raymond GF, Paskhover B. Opinion: an increase in severe, late dental complications might result from reliance on home dental remedies during the COVID-19 pandemic. J Oral Maxillofac Surg. (2020) 78:1232–3. doi: 10.1016/j.joms.2020.05.016

 50. Sycinska-Dziarnowska M, Bielawska-Victorini H, Budzyńska A, Wozniak K. The implications of the COVID-19 pandemic on the interest in orthodontic treatment and perspectives for the future. real-time surveillance using Google trends. Int J Environ Res Public Health. (2021) 18:5647. doi: 10.3390/ijerph18115647

 51. Schwendicke F, Giannobile WV. Research for prevention of oral/dental diseases: how far have we come? J Dent Res. (2020) 99:5–7. doi: 10.1177/0022034519889054

 52. Brian Z, Weintraub JA. Oral health and COVID-19: increasing the need for prevention and access. Prev Chronic Dis. (2020) 17:E82. doi: 10.5888/pcd17.200266

 53. Reda SF, Reda SM, Thomson WM, Schwendicke F. Inequality in utilization of dental services: a systematic review and meta-analysis. Am J Public Health. (2018) 108:e1–7. doi: 10.2105/AJPH.2017.304180

 54. Paisi M, Witton R, Radford P, Plessas A. What is the global prevalence of dental healthcare needs and unmet dental needs among adolescents? Evid Based Dent. (2021) 22:8–9. doi: 10.1038/s41432-020-0146-y

 55. Munson B, Vujicic, M, Harrison, B, Morrissey, R,. How Did the COVID-19 Pandemic Affect Dentist Earnings? Health policy institute research brief: American Dental Association (2021). Available online at: http://www.ada.org/~/media/ADA/Science%20and%20Research/HPI/Files/HPIBrief_0921_1.pdf 

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 ofinterest.

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.

Copyright © 2022 Qu, Yu, He, Li, Houser, Zhang and Li. 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.



OPS/images/fpubh-10-890469-t003.jpg
In all samples
OR

95% CI
P-Value
Bandwidth

Advanced dental care

Denture Orthodontics
0.60" 0.63"

0.37-0.94 0.40-0.97
<0.05 <0.05
3.93 4.52

Toothache

154"
0.99-2.37
<0.1
3.83

Basic dental care

Gingivitis

0.86
0.52-1.42
0.56
8.57

Mouth ulcer

1.06
0.59-1.89
0.847
5.73

The RSV of “dentures” (OR: 0.60, 95% Cl: 0.37-0.94) and “orthodontics” (OR: 0.63, 95% Cl: 0.40~0.97) were significantly reduced during the bandwidth. Comparatively, “toothache”
(OR: 1.54, 95% Cl: 0.99-2.37) were significantly increased in the COVID-19 mitigation measures at a significance level of 0.1. RSV of “gingvitis” (OR: 0.86, 95% CI: 0.52-1.42) and
).59-1.89) had no clear discontinuities. ***P < 0.01, **P < 0.05, *P < 0.1

“mouth ulcer” (OR: 1.06, 95%






OPS/images/fpubh-10-890469-t004.jpg
Pre-onset  Post-onset Mean difference P-Value

Mean Mean
(sD) (sD)

Five-diseases 17.83 18.45 —0561 0.45
(17.25) (19.57) (~2.22 10 0.98)

Basic diseases 15.38 16.67 —1.29 0.14
(14.24) (1692)  (-3.04100.46)

Advanced diseases  21.49 21.10 0.39 079
(20.45) (@274)  (-227103.37)

Toothache 22.95 26.71 -875 <0.1
(17.26) @175)  (~758100.06)

Gingivitis 1091 1111 -020 0.84
(10.36) (1030)  (-221t01.81)

Mouth ulcer 12.29 1220 0.08 093
(10.85) (1139)  (-208102.25)

Denture 17.20 17.50 -0.20 0.70
(13.79) (1567)  (-3.08102.67)

Orthodontic 25.70 24.70 1.00 0.93

(24.76) (27.67) (-4.11106.11)





OPS/images/fpubh-10-890469-t001.jpg
)

N
Search volume index
Total samples 17,850
Toothache 3570
Ginghvitis 3570
Dentures 3570
Orthodontics 3570
Mouth ulcer 3570
Human develop index 14,400
HDI rank 14,400
Dentist's density 9,120
Percent of aged >65 16,320

HDI, human development index. SD, standard deviation.

@

Mean

11.38
13.91
9.13
994
16.14
7.74
0.767
61.06
4.09
10.47

®)
sD

14.21
15.16
11.43
11.54
19.39
9.48
0.16
57.43
246
6.12

@
Min

ocoooo

o

0.33
200
0.02
0.69

®

100
100
100
100
100
100
0.96
185
8.68
21.56





OPS/images/fpubh-10-890469-t002.jpg
HDI Dentist density Population age structure

High Low High Low Aged Non-aged
Australia v v v

Canada v i M

France v M v

Germany v v v

India v v v
Ireland o v v

Malaysia J v v
New Zealand o v v

Pakistan N v v
Philippines v v v
Saudi Arabia v v v
Singapore J v v
South Africa o v v
Spain o v M

United Arab Emirates o J v
United Kingdom of v v

United States of America af v v

HDI, human development indiex. The HDI was ranked “very high,” *high," ‘medium,” and ‘low” in each country by the UNDP I this study, we set the original “very high” and *high” rank
as the *High HDI group” and “medium” and “low” as the “Low HDI group” i the subgroup analysis.

This study categorized the countries with  higher dentist density than the medln of sum into the high dentist density group. The mean dentist density equls 5.

This study categorized the countries with a population over 65 years old above 14% to be aged countries.





OPS/images/inline_1.gif
EC'-C"/L
T






OPS/images/fpubh-10-890469-t005.jpg
Baseline estimates

Al type Basic
dental care

Observations 13,512 7,984

COVID-19 and index (crude)

SV (log) 091 1.09

95% CI 0.67-1.24 0.75-1.59

P-Value 057 039

Bandwidth (month) 539 9.16

‘COVID-19 and index (adjusted by fix effect of month and time trend)

SV (iog) 087 1.08

95% CI 0.65-1.18 0.72-1.56

P-Value 039 074

Bandwidth (month) 6.03 7.68

Placebo tests (in March 2019)

SV (log) 1.02 099

95%C1 0.77-1.35 0.70-1.41

P-Value 087 097

Bandwidth (month) 10.92 10.04

Quantitative measures of COVID-19 impact on basic dental care and advanced dental care were reported in this table. We firstly analyzed the association between COVID-19 and SVis
without controling any other effect, the coeffiients in baseline estimates were not significant. After adjusting the fix effect of country and dental care type, lower SVis of advanced
dental care was associated with COVID-19 mitigation measures (OR: 0.66, 95%Cl: 0.49-0.90). Then we controlled the fix effect of month andtime trend, lower SVls of advanced dental
care was associated with COVID-19 mitigation measures (OR: 0.63, 95%CI: 0.47-0.85) after controling the fix effect of country and disease. Column 1-3 showed the RD estimates
without taking any treatment on logarithmic value of SVis, column 4-6 showed the RD estimates after adjusting fix effect of country and disease. Comparatively, there was no statistically

Advanced
dental care

5528

0.69"
0.44-1.08
<0.10
6.34

0.66"
0.42-1.04
<0.10
6.74

1.1
0.70-1.76
0.65
13.10

significant difference of RD estimates in the placebo test. ***P < 0.01, **P < 0.05, P < 0.1.

Adjusted by country and disease fix effect

Alltype Basic Advanced
dental care dental care
13,512 7,984 5528
091 1.08 0.66"
0.73-1.15 0.81-1.43 0.49-0.90
045 058 <0001
554 9.21 597
087 1.03 063
069-1.09 0.76-1.39 0.47-0.85
024 0.83 <0001
526 690 591
1.04 1.02 1.06
085-1.26 0.77-1.34 0.80-1.41
or2 087 0.66
9.27 870 10.75





OPS/images/fpubh-10-890469-t006.jpg
Categorized by HDI rank
Low HDI
OR

95% Cl
P-Value
Bandwidth
High HDI
OR

95% Cl
P-Value
Bandwidth

Advanced dental care

Denture Orthodontics
0.74 0.59

0.41-1.29 0.29-1.16
028 0.12
6.08 4.31
0.63° 061"

0.37-1.05 0.37-0.97
<0.1 <0.05
4.00 3.14

Categorized by Dentists Density
Countries with density <5 (medium) per 1,000 persons

OR 065" 061
95% Cl 0.40-1.05 0.32-1.14
P-Value <0.1 0.12
Bandwicth 6.49 49
Countries with density >5 per 1,000 persons

OR 055" 061
95% CI 0.31-097 0.38-0.96
P-Value <005 <0.05
Bandwicth 363 532

Categorized by age structure
Countries with aged 65 < 14%

OR 0.44 061"
95% CI 0.15-1.26 0.34-1.08
P-Value 0.12 <01
Bandwidth 274 3.42
Countries with age 65 = 14%

OR 0.56™ 0.58"
95% Cl 0.31-1.00 0.37-0.87
P-Value <0.05 <0.01
Bandwidth 3.77 3.07

P < 0.01,

P < 0.05,*P < 0.1.

Toothache

1.36
0.55-3.37
0.67
2.90

161
1.07-2.39
<0.05
3.55

1.19
0.65-2.17
056
9.85

185"
1.14-3.01
<001
382

1.22
0.69-2.15
0.49
3.60

1.43
0.68-2.97
0.34
5.83

Basic dental care

0.67
0.39-1.15
0.15
6.35

1.02
0.51-2.01
0.96
5.77

0.76
0.48-1.17
0.21
5.02

1.04
0.44-2.47
0.92
5.85

0.56"
0.31-0.98
<0.05
2.73

091
0.41-2.03
0.82
6.43

Mouth ulcer

1.30
0.37-4.46
0.41
7.68

1.08
0.65-2.09
0.82
371

0.88
0.38-2.01
0.76
6.60

1.28
0.60-2.70
0.51
4.82

117
0.36-3.69
0.79
3.65

1.00
0.45-2.19
0.99
5.35





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effect of the COVID-19 Mitigation Measure on Dental Care Needs in 17 Countries: A Regression Discontinuity Analysis



		Introduction



		Methods



		Data Source and Variable Measures



		Relative Search Volume of Dental Care



		Human Development Index



		Dentist Density



		Population Age Structure









		Study Design



		Statistical Analysis







		Results



		Descriptive Information



		Heterogeneous Effects of COVID-19 on Different Dental Care Utilization Needs



		Impact of COVID-19 Mitigation Measures on Categorized Dental Care Needs



		Subgroup Analysis in Categorized Countries With Different HDI Ranks, Dentist Densities, and Age Structures







		Discussion



		Conclusion



		Data Availability Statement



		Author Contributions



		Funding



		Supplementary Material



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Effect of the COVID-19 Mitigation
Measure on Dental Care Needs in 17
Countries: A Regression
Discontinuity Analysis





OPS/images/math_1.gif
1 L=
(CIL=1)-E(CIL=0 ,EELAELEAB

2
+E(C/

N- EC"/L=0)
=





OPS/images/fpubh-10-890469-g001.gif





OPS/images/fpubh-10-890469-g002.gif
Rl =l
eyl ey
R B A
= x| *=
||x/ﬂJ.L L L
s el e
R, =






OPS/images/inline_3.gif
Ym[B(C/ X >0~ B(CI X <0)]





OPS/images/inline_2.gif
EC'/L

- BC"/

=

v}









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





