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Background: Studies have highlighted a possible influence of gingival and periodontal disease (PD) on COVID-19 risk and severity. However, the evidence is based on hospital-based studies and community-level data are sparse.

Objectives: We described the epidemiological pattern of SARS-CoV-2 infection in Delhi and evaluated the associations of gingival and PD with incident COVID-19 disease in a regionally representative urban Indian population.

Methods: In a prospective study nested within the Centre for Cardiometabolic Risk Reduction in South-Asia (CARRS) study, participants with clinical gingival and periodontal status available at baseline (2014–16) (n = 1,727) were approached between October 2021 to March 2022. Information on COVID-19 incidence, testing, management, severity was collected as per the WHO case criteria along with COVID-19 vaccination status. Absolute incidence of COVID-19 disease was computed by age, sex, and oral health. Differences in rates were tested using log-rank test. Poisson regression models were used to evaluate independent associations between gingival and PD and incidence of COVID-19, adjusted for socio-demographic and behavioral factors, presence of comorbidity, and medication use.

Results: Among 1,727 participants, the mean age was 44.0 years, 45.7% were men, 84.5% participants had baseline gingival or PD and 89.4% participants had received at least one dose of COVID-19 vaccine. Overall, 35% (n = 606) participants were tested for COVID-19 and 24% (n = 146/606) tested positive. As per the WHO criteria total number of cases was 210, constituting 12% of the total population. The age and sex-specific rates of COVID-19 were higher among men and older participants, but women aged >60 years had higher rates than men of same age. The incidence rate did not differ significantly between those having gingival or PD and healthy periodontium (19.1 vs. 16.5/1,000 person-years) and there was no difference in risk of COVID-19 by baseline oral disease status.

Conclusion: Gingival and PD were not associated with increased risk of COVID-19.
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Introduction

COVID-19 disease caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-COV-2) has accounted for over 598 million cases and more than 6 million deaths across the world since first reported in 2020 (1). With more than 44 million test-confirmed cases and over five hundred thousand deaths, India is among the most affected countries worldwide (2). While most infected people have mild symptoms and recover at home, over 15% require specialized treatment such as hospitalization, intensive care, and oxygen supplementation due to severity, acute respiratory distress syndrome, and other conditions (3). Several factors influence the disease progression, which include but are not restricted to old age and comorbid conditions such as obesity, hypertension, diabetes, cardiovascular diseases (4–11).

An understudied dimension of COVID-19 risk is oral health. Studies have highlighted shared risk factors between oral and chronic diseases and COVID-19 infection and thus a possible influence of poor oral hygiene, gingival, and periodontal diseases on the risk of COVID-19 infection (12, 13) and its severity (14–19). Gingival disease (GD), characterized by poor oral hygiene and plaque biofilm harboring oral microbial pathogens deposited on dental and tissue surfaces of the oral cavity, clinically manifests as episodes of acute inflammatory changes and bleeding from gums that may be transient or persistent in nature (20). Periodontal disease (PD) is a complex, multicausal chronic inflammatory disorder leading to the destruction of soft tissues and bone surrounding the teeth (21). According to the Global Burden of Disease Study, severe PD is the 11th most prevalent condition worldwide (affecting ~10.8% people) (22–24), with prevalence ranging between 30–90% in India (25).

Cross-sectional (12, 14, 16–19) and prospective (13, 15) observational studies report, over three-fold increase in severity of COVID-19 infection (and death) among persons with poor oral health or PD. However, they are limited by either sample size, lack of community level prospective data, or clinically ascertained oral health status. Therefore, we prospectively followed a regionally representative community-based population in New Delhi, a geographic region that experienced one of the highest incidence and severity of COVID-19 both in India and globally (1, 26). We utilized baseline clinical information on gingival and periodontal health to evaluate its association with incident COVID-19 and its severity.



Materials and methods


Study design

This was a prospective observational analysis of the Centre for Cardiometabolic Risk Reduction in South-Asia (CARRS) study. CARRS is a community-based longitudinal health assessment of 30,000 adult participants in New Delhi and Chennai, India and in Karachi, Pakistan across two urban representative cohorts initiated in 2010 and 2014, respectively (27, 28). Annual follow-ups comprise of a comprehensive questionnaire along with physical measurements and 8-h fasting blood sample collection at alternate follow-ups from men and non-pregnant women aged ≥ 20 years residing in the study areas.



Study population and selection

From the 4,725 CARRS cohort-2 members in New Delhi, a random sub-set of 2,045 participants were enrolled in the Oral Health Study (OHS) between October 2014 and December 2016 (N = 2,045). They responded to the World Health Organization’s (WHO) Oral Health Assessment questionnaire and underwent detailed clinical oral examination (29). The field interviewers followed-up the OHS participants between October 2021 to March 2022 to complete telephone interviews and collect information on the history of COVID-19 and its severity. Except for those who refused, each participant was contacted five times over telephone at different times and days of the week. Participants who did not respond to phone calls were contacted by the study team through household visits to confirm loss to follow-up. Interviews were conducted by trained research staff who were blinded to the exposure status of participants.


Inclusion criteria

• Participants of the CARRS cohort residing in New Delhi

• Men and women (≥20 y) with baseline information on oral health status

• Participants who agreed to participate in the follow-up study with informed consent.



Exclusion criteria

• Men and women (≥20 y) without baseline information on oral health status

• Participants who refused to participate in the follow-up study.

• Participants who were not contacted after multiple attempts over both phone (five times) and household visit (twice) during the study.




Ethics

The study was conducted according to the Declaration of Helsinki and was approved by Institutional Ethics Committee of the Centre for Chronic Disease Control, New Delhi (CCDC-IEC_13_2021). Informed consent was obtained from all participants before administering the questionnaire.



Exposure assessment

Gingival and periodontal health status was ascertained at baseline by qualified and trained dentists who attended calibration workshops for assessment and interpretation of oral indices. The details are published elsewhere (29, 30) with an overview presented in Table 1.



TABLE 1 Exposure and outcome assessment.
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Outcome assessment

Outcome assessment (Table 1) was done as per the WHO COVID-19 case criteria (3, 31) based on self-reported COVID-19 history and severity. COVID-19 deaths were ascertained through verbal autopsy with next of kin (28). Participants were also asked about COVID-19 testing, care received, and vaccination status (with number of doses).



Covariates assessment at baseline

Data on participant demographic characteristics (age, sex, monthly household income, education, and employment status), lifestyle factors (ever use of tobacco/alcohol, vigorous to moderate physical activity at work or leisure, type of diet), comorbidities (diabetes, hypertension, hyperlipidaemia, overweight/obesity, cancer, kidney disease, heart diseases, stroke), and medication history for chronic diseases were collected using interviewer-administered questionnaires. Plasma fasting blood glucose (Hexokinase), systolic and diastolic blood pressure (automated Omron HEM-7080) and anthropometric measurements (Tanita BC-418, Seca-213 Portable Stadiometer) were also available (28, 29).



Statistical analysis

Baseline characteristics of the study participants were summarized by calculating percentages for categorical data and means and standard deviations (SD) for continuous variables. The differences in proportions and means between those reporting COVID-19 and those with no history of COVID-19 were compared using chi-square or t-test, respectively. Overall and stratum-specific (by age, sex, and exposure status) incidence rates of COVID-19 were calculated and differences in rates across groups was evaluated using log-rank test. Incidence rates (IR) with 95% confidence intervals (CI) were computed over the time from baseline to final available follow-up, censored for participants lost to follow-up. Person-years were estimated from the date of enrolment to the time of COVID-19 diagnosis or the last date of visit or death, whichever was documented earlier.

Multivariable Poisson regression models were used to evaluate independent associations between GD and PD and incidence of COVID-19 with results expressed as adjusted incidence rate ratios (IRR) and the corresponding 95% CI, comparing with those without GD or PD. The covariates of interest in these models included age in years (20–40/41–60/>60 age categories), sex (men/women), education status (up to secondary school/graduation and above), employment status (employed/unemployed), monthly household income in INR (≤30,000/>30,000), alcohol and tobacco consumption (yes/no), vigorous to moderate physical activity (yes/no), diet (vegetarian/non-vegetarian), presence of comorbidities mentioned above (yes/no), and any regular medication intake (yes/no). Robust standard error models were utilized to account for household clustering in our study population. The analysis was performed using STATA statistical package (StataCorp. 2011. Stata Statistical Software: Release 12. College Station, TX: StataCorp LP).




Results

Among 2,045 participants with information on baseline (2016–18) gingival and periodontal health status, 84.5% (N = 1,727) responded to the follow-up survey from October 2021 to March 2022 (Supplementary Figure S1) either by telephone (52.7%) or during a household visit (47.3%). Demographic characteristics of respondents and non-respondents were similar (Supplementary Table S1). However, a greater proportion of respondents had graduate or above level of education (27.3% vs. 18.6%) and comorbidities (89.7% vs. 85.5%) compared to non-respondents. Respondents were also less likely to be tobacco users (21.3% vs. 31.1%,) compared to non-respondents.

Table 2 summarizes the baseline characteristics of study participants (n = 1,727) included in the final analysis (mean (±SD) age in years: 44.0 (±12.8); 45.7% men). Less than a third (27.3%) had graduate or above level of education, 13.7% had no formal education and more than half (55.2%) were currently unemployed. A fifth of participants were tobacco and/or alcohol users with less than a half (48.1%) doing moderate to vigorous physical activity at work or leisure and half (50.2%) were vegetarian. Nearly 90% participants had at least one comorbidity at baseline and 89.4% participants had received at least one dose of COVID-19 vaccine at the time of survey. Of the 1,727 participants who responded, 896 (51.9%) had GD, 555 (32.1%) had PD, and 276 (16%) presented with apparently healthy gingiva and periodontium at baseline.



TABLE 2 Baseline characteristics (2016–2018) of study participants (N = 1,727) by history of COVID-19 at follow-up (2021–2022).
[image: Table2]

A total of 606 participants (35.1%) reported getting tested for COVID-19, and of those 146 (24.1%) tested positive (out of which one participant was considered missing due to missing other relevant COVID-19 information). We classified our study participants for COVID-19 as per the WHO case criteria (Table 1): 210 (12.2%) participants with COVID-19 included 169 (80.5%) confirmed cases, 33 (15.7%) suspected cases and 8 (3.8%) probable cases. Among COVID-19 cases, one episode (77.6%) and mild infection (82.9%) were common wherein about 70% experienced three or more symptoms and less than a 10% required additional support in terms of oxygen/assisted ventilation. Comparison of baseline characteristics (Table 2), by differences in means, revealed that participants with COVID-19 were older in age compared to those who did not have COVID-19 (mean (±SD) 49.1 (±14.9) vs. 43.3 (±12.3) years). By differences in proportion, men (52.4% vs. 47.6%) with lower education status (54.8% vs. 45.2%), household income (60% vs. 36.7%) and comorbidities (95.3% vs. 4.7%) were more likely to be cases compared to their counterparts.

The overall incidence rate of COVID-19 was 18.64/1,000 person-years (95% CI: 16.3–21.3/1,000 person-years) (Table 3). Men reported greater overall incidence rates compared to women (21.4; 95% CI: 17.8–25.9 vs. 16.3; 95% CI: 13.4–19.8/1,000 person-years, p: 0.034). The incidence rates increased significantly with age [20–40 years: 13.6 (95% CI: 10.7–17.2)], 41–60 years: 18.6 [95% CI: 15.1–22.8), >60 years: 38.1 (95% CI: 28.9–50.3)/1,000 person-years, p < 0.001]. A similar pattern was observed when incidence rates were estimated for confirmed cases only (N = 169). Men of age-group 20–40 years had higher incidence rates compared to women that narrowed in 40–60 years and disappeared in the >60 years group 38.4 [(95% CI: 24.8–59.5)/1,000 person-years in women vs. 37.9 (95% CI: 26.5–54.2)/1,000 person-years in men]. However, among confirmed cases, men reported higher incidence rates than women in the same age group throughout. Additionally, the incidence rates did not differ significantly between those having GD/PD and healthy periodontium [19.1 (95% CI:16.5–22.1) vs. 16.5 (95% CI:11.5–23.6)/1,000 person-years, p: 0.394)].



TABLE 3 COVID-19 incidence rates (per 1,000) by age, gender, and exposure status (N = 1,727).
[image: Table3]

Unadjusted and adjusted IRR (95% CI) for the association between baseline oral disease status of study participants and COVID-19 incidence is presented in Table 4. The crude IRR (95% CI) of risk of COVID-19 was 1.16 (95% CI: 0.80–1.67) among those with baseline oral disease compared to those without any oral disease. On adjusting for all known important confounders and/or competing exposures with inverse probability weighting, no association was found between baseline oral disease and incidence of COVID-19 among the study participants (IRR: 1.05, 95% CI: 0.72–1.52). The findings remained unchanged when analyzed for GD and PD separately or confirmed cases only. Due to small outcome numbers, we limited our explorations to bivariate differences in proportions of GD and PD with COVID-19 severity and did not find any significant difference (Supplementary Figure S2).



TABLE 4 Unadjusted and adjusted incidence rate ratio for the association of COVID-19 incidence with baseline oral disease of study participants aged ≥20 years.
[image: Table4]



Discussion

In this study of a representative urban Indian population in New Delhi, diagnosed COVID-19 disease (as per WHO COVID-19 case criteria based on self-reported COVID-19 history and severity) was observed among 12% of participants with an overall incidence rate of 18.6/1,000 person-years. The overall incidence rate was higher among men than women and age-specific incidence rates were significantly higher with older age among both men and women. However, our study findings do not support the hypothesis that poor oral health is associated with increased risk of COVID-19.

The proportion of new cases observed in a sub-population of CARRS is similar to that reported by Larvin et al., (13) from participants across United Kingdom, another country with a high cumulative case load (23,840,513) and COVID-19 deaths (2,07,375) comparable to India (1). Although the COVID-19 cases reported in our study included those assessed using the WHO’s clinical and epidemiological criteria, among those tested for COVID-19, an overall 24% test positivity was observed which also corresponds to a high-test positivity rate (> 20%) as reported in several regions of India including New Delhi in April, 2021 during the peak of second wave (32).

The incidence rates observed in our study are consistent with those reported in other countries and settings (6, 10, 11, 33). It is noteworthy that the differences in incidence rates among men and women narrowed with advancing age and older women (>60 years) tended to have higher incidence rates than men of the same age; an observation previously reported elsewhere (34). Though early epidemiological studies reported lower risk of COVID-19 in women (33, 35), the gender differences reduced with the subsequent waves of the pandemic (36, 37).

Our finding on the association between baseline oral disease and risk of COVID-19 was in disagreement with the results of an earlier study by Anand and colleagues (in India) who reported significantly increased risk of COVID-19 infection with gingivitis, and severe periodontitis (12). This could be due to the differences in study design (case–control vs. prospective) and settings (hospital-based vs. community). On balance, the existing literature suggests that while severity of COVID-19 infection may be positively associated with oral health indicators including PD (14–19), the occurrence of COVID-19 may be unrelated to oral health (13). One of the largest available studies, examined retrospective UK Biobank data on oral health status from 13,253 adults and also reported no association between poor oral health (loose teeth or painful, bleeding gums) and risk of COVID-19 infection. Nevertheless, the observed results might have also been affected by systematic error, such as uncontrolled confounding or insufficient statistical power to detect precise associations due to the high prevalence of GD and PD at baseline in our study population and shared yet competing risk factors such as age and comorbid conditions. Due to the small sample size, we were limited in our ability to test the association between baseline oral disease and severity of COVID-19, however, crude analysis revealed no significant difference. The UK study reported a 70% increased risk of death due to COVID-19 among participants with painful or bleeding gums (indicating the severity) compared to the control group (13). It also worth noting that the association with “bleeding or painful gums” may be different from the association with “loose teeth”; however, a more in-depth understanding of this difference will require further evaluations.

Other studies focusing on COVID-19 severity or complications such as assisted ventilation, intensive care admission and deaths report 3 to 36 times higher odds of any COVID-19 complication among periodontally compromised individuals (14–16, 18, 19, 38) compared to those with healthy periodontium. Despite reporting statistically significant results, the wide confidence intervals indicate low precision due to small sample size. Other limitations of these studies include convenience sampling, relative paucity of prospective data, lack of data from clinical oral examinations, and limited information on recent access to oral care (Supplementary Table S2, 12–19, 39–43). Additionally, only one of the previous studies had a representative population-based sample (13) and sample for most studies comprised of COVID-19 positive cases to explore the association with severity rather than risk (14–19).

A plausible biological explanation for the association of GD and PD with COVID-19 risk and severity is the increase in the expression of viral adhesion receptors such as ACE2 on the mucosa of oral cavity, galectin-3 (44–48) and transmembrane protease serin 2 (TMPRSS2), on oral epithelium which is necessary for activation of the SARS-CoV-2 S-protein to bind with host cells and increase its infectivity (49, 50). Additionally, oral bacterial dysbiosis, defined as shift from healthy microbiome toward pathogenic gram-negative anaerobic genera (51), associated with PD may lead to bacterial co-infection through aspirated gingival crevicular fluid thereby initiating inflammatory changes including “cytokine storm” (52, 53).

Ours is one of the largest population-based studies with a prospective design from a low- and middle-income setting to quantify the association between GD/PD and COVID-19 risk in one of the worst affected regions. New Delhi reported 2,002,772 cases with over 26,500 deaths (26) as on September 2022. Additional strengths of our study include the objective clinical assessment data on oral health status (for exposure) and a comprehensive questionnaire administered directly to the participants or household members (for deceased participants) to gather COVID-19 information (outcomes). Use of the WHO COVID-19 case criteria based on self-reported COVID-19 history and severity (31) addresses the concerns of low testing rates during the peak waves of the pandemic (6).

An important limitation of our study was the inability to consider the time-dependent nature of the main exposure, i.e., changes in GD or PD status during follow-up. We attempted to partly account for this by adjusting for access to oral care during this time-period. Although, this could have missed those who newly developed oral disease during the recent period and did not access care, this was unlikely to have influenced our findings as a small proportion of participants presented with apparently healthy gingiva and periodontium at baseline. As the outcome was self-reported, there was a likelihood of recall bias in reporting details of COVID-19 infection, symptoms, and management. However, respondents tend to remember such uncommon/severe events in recent past. Another limitation due to the prospective nature of the study is the loss to follow-up, especially given the migration of people during the pandemic. However, the loss to follow-up was just over 15% and baseline characteristics of respondents with those lost to follow-up did not differ largely.

In summary, although we did not find an association between poor gingival/periodontal health and increased risk of COVID-19, our study provides insights into the epidemiological pattern of COVID-19 at a community level. Studies, such as ours provide an opportunity to explore novel links between oral health and systemic conditions enabling a better understanding of the disease pathways and strategies to manage them (54) and to prospectively follow participants and assess immediate and delayed complications (55).
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Variable Definition

Exposure (available from baseline assessment, 2016-18)

Healthy Absence of gingival/periodontal discase
Gingival disease Measured by Community Periodontal Index modified score. Evidence of bleeding on probing, calculus, or pocket without attachment loss
Periodontal disease® 2 sites with pocket depth > 5mm or 2 sites with attachment loss >4 mm or attachment loss of >6mm at 2 or more sites and a pocket depth

of 25 mm at even one site
Outcomes** (collected at current follow-up October 2021 - March 2022)
Incident COVID-19 cases  Includes suspect, probable or confirmed COVID-19 cases between January 2020 to March 2022
Suspect case 1. Participant meeting Clinical AND Epidemiological criteria

Clinical

+ Acute onset of fever and cough OR

+ Acute onset of ANY 3 or more of the following; fever, cough, general weakness/fatigue, headache, myalgia, sore throat, coryza, dyspnea,

anorexia, nausea/vomiting, diarhea, altered mental status

Epidemiological

+ Residing or travel to area with community transmission anytime within 14 days prior to symptom onset OR

‘Working in healtheare settings including within health care facilites or within community any

14days prior to symptom onset

e

A patient with severe acute respiratory illness: acute respiratory infection with history of fever (> 38C) and cough, with onset within last
10days and requires hospitalization

Probable case

Patient who meets clinical criteria above AND is a contact of a probable or confirmed case

A person with recent onset of anosmia (loss of smell or ageusia (loss of taste) in the absence of any other identified cause

. Death, not otherwise expl

ned, in an adult with respiratory distress preceding death AND was a contact of a probable or

confirmed case

Physician diagnosed COVID-19 case without any test

Confirmed case

Positive Nucleic Acid Amplification Test (NAAT) including Reverse transcription polymerase chain reaction (RT-PCR), or any other similar
test approved by Indian Council of Medical Rescarch (ICMR)

Positive SARS-CoV-2 Antigen-Rapid Diagnostic Test (RDT) AND meeting either the probable case definition or suspect criteria OR

Asymptomatic person with a positive SARS-CoV-2 Antigen-RDT who is a contact of a probable or confirmed case

4. Self-reported infection based on symptoms experienced

Severity

Mild Fever, cough, or fatigue AND home isolation without ventilator or oxygen support

Moderate Difficulty in breathing or mild pneumonia AND hospitalization/home with oxygen or ventilator support

Severe Severe pneumonia, other organ failure & possible death AND hospitalization AND oxygen or ventilator or plasma therapy

COVID-19 related death

“Periodontal status has been ascertained as per Centers for Disease Control and Prevention and American Academy of Periodontology definition for population-based studies. **As
per WHO's Public Health Surveillance for COVID-19 (Interim guidance) adopted by Ministry of Health & Family welfare, India (Gol) in the Clinical Management Protocol for
COVID-19.





OPS/images/fpubh-11-1108465-t002.jpg
No history of COVID-19  History of COVID-1

Characteristics (N=1,517) (N=210) value of p®

Socio-demographic

Age in years®* 4.0 128 433 123 49.1 149 <0001
Sex

Men 790 457 680 48 110 524 0039
Women 937 543 837 552 100 476

Educational status

Up to secondary school 1,255 77 1140 752 s 548 <0001
Graduation and above 72 273 377 28 95 52

Current employment status

Employed 774 48 678 “7 96 457 0.78
Un-employed*+* 953 552 839 553 it 543

Monthly household income in INR (N=1,693)

30,000 1344 778 1218 803 126 600 <0.001
30,000 349 202 272 179 77 367

Lifestyle

Consumed tobaccon 367 213 323 213 44 209 091
Consumed alcohol 345 200 297 196 8 29 0265
Did physical activity at work/ 831 481 759 500 72 343 <0.001

recreationn
Consumed vegetarian diet 867 502 749 94 us 562 0064
Co-morbidities

Presence of at least one comorbidity” 1,549 89.7 1,349 889 200 953 0.005

Regular use of allopathic/modern 33 193 257 169 76 360 <0001

medicine for any chronic condition

COVID-19 related
Got tested for COVID-19

Yes 606 351 439 29 167 795 <0.001
No L121 619 1,078 711 5 205

COVID-19 test results (N=606)""

Positive 146° 241 1 02 145 868 <0.001
Negative 460 759 a8 95 2% 132

“Includes confirmed/probable/suspect cases as per WHO criteria. **Mean (SD). ***Unemployed includes homemaker/student/retired/un-employed. ~Ever consumed. A~Physical Actvity for
atleast 10min at a time at work o leisure: “vigorous-intensity activities” require hard physical effort and cause large increases in breathing or heart rate, “moderate- intensity a
fes require moderate physical effort and cause small increases in breathing or heart rate. #Includes hypertension (and pre-hypertension), diabetes (and pre-diabetes), hyperlipidemia,
overweight/obesity, heart disease, kidney disease, stroke, and cancer. All the conditions are based on self-report by the participant following a physician-diagnosis and medication intake except
hypertension, diabetes, overweight/obesity, which are also based on measured values. Hypertensive (2140 mm Hg/90mm Hg), pre-hypertensive (SBP: 120 mm Hg to< 140 mm Hg or DBP:

0 mm Hg to<90mm Hg), normotensive (<120 mm Hg/80mmHg). Diabetes (hbalc >6.5 or Fasting plasma glucose (FPG) 2126 mg/di), Pre-diabetes (hbalc 5.7 t0<6.5) or (FPG 100 mg/dl
10<126 mg/dl) and Normoglycemic (hbalc< 5.7 and FPG < 100mg/dI). Overweight/obesity BMI 223 kg/’ ##Includes only those who reported getting a test done. *One participant among
those who tested positive did not report any further COVID-19 related information and was considered missing, “Twenty-two participants met WHO case criteria despite a negative test. Thus
cases (11=210) comprised of those tested positive (1= 145) and those identified based on WHO riteria despite negative testresult (n=22) and not getting tested ( @value of p for
differences in means/median/proportions were from t-test, Wilcoxon Rank test or Chi-Square test, respectively.
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