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Introduction
Identification of the risk factors for severe illness or death from 
SARS-CoV-2 (COVID-19) is a critical step in management of 
the pandemic so that people at the highest risk of poor out-
comes can receive targeted prevention (Lipsitch et al. 2020). 
Studies have shown that older age, male sex, deprivation, and 
comorbidities including obesity and diabetes are all risk factors 
for poorer COVID-19 outcomes (Chadeau-Hyam et al. 2020; 
Williamson et al. 2020).

The global prevalence of obesity is growing, with >1 in 4 
adults in the United Kingdom living with the condition (NCD 
Risk Factor Collaboration 2016; NHS Digital 2020). A Public 
Health England report has shown that people with obesity have 
a greater risk of admission to the intensive care unit and mor-
tality if they are infected with COVID-19. Oral health was not 
considered a covariate, and the association between COVID-
19 outcomes and obesity persisted (Blackshaw et  al. 2020). 
Furthermore, findings suggest that the association of BMI and 
subsequent risk of hospitalization and mortality due to COVID-
19 is linear, independent of comorbidities such as diabetes 
(Gao et al. 2021).

There is evidence for an association between obesity and 
periodontal disease, although the biological basis for the 

association remains unclear (Chaffee and Weston 2010; Kang 
et al. 2019). Evidence regarding the association between oral 
health and COVID-19 infection is minimal, though periodontal 
disease shares risk factors with adverse COVID-19 outcomes, 
including diabetes, older age, and obesity (Sampson et  al. 
2020). As yet, no study has investigated the association of peri-
odontal disease in obesity in relation to COVID-19 infection 
and related outcomes.

Since March 2020, the UK Biobank has provided a live 
feed of COVID-19 test results and linked hospital admission 
and mortality data, enabling extensive research on the potential 
risk factors and associated outcomes for COVID-19 infection 
and adverse outcomes (Larvin et al. 2020; Peters et al. 2021). 
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Abstract
This study aims to examine the impact of periodontal disease in obesity on COVID-19 infection and associated outcomes. This 
retrospective longitudinal study included 58,897 UK Biobank participants tested for COVID-19 between March 2020 and February 2021. 
Self-reported oral health indicators (bleeding gums, painful gums, and loose teeth) were used as surrogates for periodontal disease. Body 
fat levels were quantified by body mass index (BMI) and categorized as normal weight (18.5 to 24.9 kg/m2), overweight (25 to 29.9 kg/m2), 
and obese (≥30 kg/m2). Multivariable logistic regression and Cox proportional hazard models were used to quantify risk of COVID-19 
infection, hospital admission, and mortality, adjusted for participants’ demographics and covariates. Of 58,897 participants, 14,466 (24.6%) 
tested positive for COVID-19 infection. COVID-19 infection was higher for participants who were overweight (odds ratio, 1.18; 95% CI, 
1.12 to 1.24) and obese (odds ratio, 1.33; 95% CI, 1.26 to 1.41) as compared with those of normal weight, but infection was not affected 
by periodontal disease. The hospital admission rate was 57% higher (hazard ratio, 1.57; 95% CI, 1.25 to 1.97) in the obese group with 
periodontal disease than without periodontal disease, and admission rates increased with BMI category (normal weight, 4.4%; overweight, 
6.8%; obese, 10.1%). Mortality rates also increased with BMI category (normal weight, 1.9%; overweight, 3.17%; obese, 4.5%). In addition, 
for participants with obesity, the mortality rate was much higher (hazard ratio, 3.11; 95% CI, 1.91 to 5.06) in participants with periodontal 
disease than those without. Obesity is associated with higher hospitalization and mortality rates, and periodontal disease may exacerbate 
this impact. The results could inform health providers, policy makers, and the general public of the importance to maintain good oral 
health through seamless provision of dental services and public oral health prevention initiatives.
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Given the updated availability of COVID-19 test results from 
the UK Biobank cohort, investigation of the additive effect of 
periodontal disease and obesity is timely to understand the risk 
factors for COVID-19 infection and outcomes and to poten-
tially reveal more about the high-risk population.

This study aims to examine the impact of periodontal disease 
in obesity on COVID-19 infection and associated outcomes.

Materials and Methods

Data Set

The UK Biobank cohort study contains data on >500,000 par-
ticipants aged between 40 and 69 y at study recruitment (2006 
to 2010), with baseline information collected during assess-
ment center visits and self-reported responses from online 
questionnaires. The UK Biobank resource is linked to partici-
pant health outcomes data, incorporating ICD-10 diagnosis 
codes (International Statistical Classification of Diseases, 
Tenth Revision) and hospital admissions data from NHS 
Digital, in addition to death records from the death registry. 
Results from COVID-19 testing of UK Biobank participants 
have been provided by Public Health England since March 16, 
2020, and represent the change from inpatient-restricted to 
wider community testing as national testing capacity increased. 
These data can be additionally accessed by approved research-
ers via the UK Biobank data portal according to UK Biobank 
guidelines (application reference 54633). Data from linked health 
outcomes and death records were available until November and 
December 2020, respectively. COVID-19 test results were 
available until February 2021. All data were fully anonymized 
by UK Biobank prior to data extraction. Participants can with-
draw from the UK Biobank cohort study at any time (UK 
Biobank 2016).

Study Population

This longitudinal cohort study included all UK Biobank par-
ticipants with a linked COVID-19 test result and oral health 
status available, as well as body mass index (BMI) ≥18.5 kg/m2 
(n = 58,897). The applied study inclusion and exclusion criteria 
are demonstrated in a flow chart (Appendix Fig.).

The final data set utilized for this study encompassed infor-
mation on participant demographics, comorbidities, and health 
outcomes data including hospital admissions and death records.

Study Outcomes

The primary outcomes for this cohort study were COVID-19 
infection and associated adverse outcomes: subsequent hospi-
tal admission and mortality at 1 mo following a positive 
COVID-19 test result. In cases where participants had multi-
ple reported test results available, the first positive test result 
was used as the index event; if a participant presented only 
negative COVID-19 test results, the first test was used as the 
index event.

Study Exposures

Periodontal Disease.  Self-reported oral health indicators were 
used as surrogates for periodontal disease (Abbood et al. 2016). 
Participants were asked if they had any of a number of dental 
problems. Bleeding gums and painful gums were used as sur-
rogates for mild to moderate periodontal disease, while self-
reported loose teeth were indicative of severe periodontal 
disease (Larvin et al. 2021). In cases of multiple responses, the 
most severe indicator was used as the primary surrogate for 
periodontal disease. Participants who did not report any of the 
oral health indicators were deemed to have no history of peri-
odontal disease and were periodontally healthy at baseline.

Body Mass Index.  Obesity status was quantified by BMI. A 
BMI of 18.5 to 24.9 kg/m2 was classified as normal weight, 25 
to 29.9 kg/m2 as overweight, and ≥30 kg/m2 as obese (World 
Health Organization 2020).

Covariates

Baseline information—including age, sex, ethnicity, household 
income, BMI, blood pressure, C-reactive protein level, and self-
reported oral health indicators—was collected during visits to 
UK Biobank assessment centers. History of smoking was 
derived from self-report and dichotomized as current or ex-
smoker. Medical history was collected during assessment cen-
ter visits or extracted from validated ICD-10 codes in health 
outcomes data. Comorbidities included cancer, diabetes, respi-
ratory disease, inflammatory disease, and cardiovascular disease 
conditions (hypertension, stroke, myocardial infarction, periph-
eral artery disease heart failure, and atrial fibrillation). The 
CALIBER resource (Cardiovascular Research Using Linked 
Bespoke Studies and Electronic Health Records) was used to 
identify conditions through ICD-10 codes and the associated 
self-reported condition (Denaxas et al. 2012; Appendix Table 
1). History of hypertension was determined by self-report, ICD-
10 diagnosis code identification in health outcomes data, or a 
blood pressure reading that exceeded 140/90 mm Hg.

Statistical Analysis

Baseline characteristics were presented by frequency (percent-
age) and mean (standard deviation) for categorical and contin-
uous variables, respectively. Logistic regression was used to 
quantify the risk of COVID-19 infection stratified by peri-
odontal disease and BMI category, adjusted for demographics 
and covariates. Subsequent hospital admission and mortality 
within 1 month of COVID-19 infection were quantified with 
Cox proportional hazard models. Estimates were adjusted for 
covariates including age, sex, household income, C-reactive 
protein level, blood pressure, history of smoking, and comor-
bidities. To assess the additive effect of periodontal disease and 
obesity on COVID-19 outcomes, each model was performed 
by stratification of periodontal disease status and BMI cate-
gory, respectively. Odds ratio (OR) or hazard ratio (HR) was 
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reported for each oral health indicator and a combined effect 
for periodontal disease of the stratified categories.

Overall rates of COVID-19 infection, hospital admission, 
and mortality were plotted against periodontal status and BMI 
category. With regard to missing data, multiple imputations 
were conducted, and coefficients were combined according to 
Rubin’s (2004) rule. Sensitivity analyses were also conducted 
with only complete cases to account for the impact of missing 
data and stratification by additional obesity categories (cate-
gory 1, BMI = 30 to 34.9 kg/m2; category 2, BMI >35 kg/m2). 
The statistical significance level was set to 0.05. Data process-
ing and analyses were performed with R version 4.0.0 (R Core 
Team 2017). This report conforms to STROBE guidelines for 
cohort studies.

Results
A total of 58,897 participants were included in the final study 
cohort, 14,466 (24.6%) of which were confirmed COVID-19 
cases (Appendix Fig.). The average age of all participants 
was 56.83 y (SD, 8.33); 31,489 (53.5%) were female; and 
54,849 (93.4%) were White (Table 1). There were 6,124 
(10.3%) participants with bleeding gums, 1,511 (2.5%) with 
loose teeth, 1,397 (2.4%) with painful gums, and the remain-
ing 49,565 (84.1%) did not report periodontal disease. Of 
participants with self-reported periodontal disease, 2,401 

(26.5%) were of normal weight status, 3,705 (41.0%) over-
weight, and 2,926 (32.3%) obese. Baseline characteristics of 
study participants across oral health indicators are presented 
in Appendix Table 2.

COVID-19 Infection

The rates of COVID-19 infection for participants without peri-
odontal disease were 22.0%, 23.9%, and 26.5% for normal 
weight, overweight, and obese status, respectively (Table 2, 
Fig. 1). The infection rates for participants with periodontal 
disease in these categories were 25.9%, 27.1%, and 28.7%.

Healthy Controls.  The risk of infection in individuals without 
periodontal disease was higher in those who were overweight 
(OR, 1.18; 95% CI, 1.12 to 1.24) and obese (OR, 1.33; 95% CI, 
1.26 to 1.41) than in those of normal weight (Fig. 2).

People with Periodontal Disease.  After adjustment for covari-
ates, the risk for infection in individuals with periodontal dis-
ease was not different compared to participants without 
periodontal disease across the 3 BMI categories: normal weight 
(OR, 0.97; 95% CI, 0.88 to 1.07), overweight (OR, 1.06; 95% 
CI, 0.98 to 1.15), and obese (OR, 1.08; 95% CI, 0.99 to 1.17) 
(Fig. 3). The risk for infection in individuals with periodontal 
disease was higher in participants who were overweight (OR, 

Table 1.  Baseline Characteristics of Study Participants Stratified by BMI Category and PD Status.

Normal Weight (18.5 to 24.9 kg/m2) Overweight (25 to 29.9 kg/m2) Obese (≥30 kg/m2)

  Overall Healthy Any PD Healthy Any PD Healthy Any PD

Participants, n 58,897 14,701 2,401 21,365 3,705 13,799 2,926
Age, y, mean (SD) 56.83 (8.33) 56.13 (8.54) 54.67 (8.17) 57.59 (8.28) 55.86 (8.24) 57.39 (8.06) 55.19 (8.12)
Sex: female 31,489 (53.5) 9,489 (64.5) 1,692 (70.5) 9,726 (45.5) 1,962 (53.0) 7,009 (50.8) 1,611 (55.1)
Ethnicity: White 54,849 (93.4) 13,850 (94.4) 2,176 (90.8) 20,072 (94.2) 3,312 (89.6) 12,852 (93.4) 2,587 (88.7)
Household income, £  
  <18,000 12,520 (25.0) 2,607 (20.7) 475 (23.1) 4,288 (23.5) 811 (25.6) 3,523 (30.5) 816 (33.1)
  18,000 to 30,999 12,662 (25.3) 3,061 (24.3) 493 (23.9) 4,662 (25.5) 834 (26.3) 2,964 (25.6) 648 (26.3)
  31,000 to 51,999 12,771 (25.5) 3,189 (25.3) 564 (27.4) 4,766 (26.1) 823 (26.0) 2,851 (24.7) 578 (23.5)
  52,000 to 100,000 9,454 (18.9) 2,748 (21.8) 422 (20.5) 3,532 (19.3) 556 (17.6) 1,845 (16.0) 351 (14.2)
  >100,000 2,683 (5.4) 975 (7.8) 106 (5.1) 1,009 (5.5) 142 (4.5) 380 (3.3) 71 (2.9)
BMI, mean (SD) 26.84 (4.38) 22.90 (1.53) 22.91 (1.53) 27.35 (1.41) 27.42 (1.40) 34.09 (3.98) 34.48 (4.32)
CRP, mm Hg, mean (SD) 2.78 (4.47) 1.76 (3.77) 1.84 (4.20) 2.51 (4.08) 2.57 (3.94) 4.19 (5.22) 4.35 (5.37)
Blood pressure, mean (SD)  
  Systolic 139.69 (19.68) 134.78 (19.93) 132.42 (19.60) 141.18 (19.30) 139.32 (19.36) 143.72 (18.82) 141.13 (18.90)
  Diastolic 82.19 (10.69) 78.52 (10.38) 78.06 (10.34) 82.56 (10.30) 82.38 (10.19) 85.53 (10.39) 85.41 (10.47)
Ever smoked 36,086 (87.7) 8,698 (83.7) 1,495 (86.4) 13,123 (87.9) 2,400 (91.0) 8,483 (90.0) 1,887 (92.5)
Medical history  
  Cancer 6,294 (10.7) 1,587 (10.8) 268 (11.2) 2,267 (10.6) 383 (10.3) 1,473 (10.7) 316 (10.8)
  CVD 12,208 (20.7) 3,043 (20.7) 506 (21.1) 4,459 (20.9) 746 (20.1) 2,825 (20.5) 629 (21.5)
  Diabetes 3,530 (6.0) 906 (6.2) 136 (5.7) 1,258 (5.9) 223 (6.0) 836 (6.1) 171 (5.8)
  Hypertension 18,439 (31.3) 4,527 (30.8) 746 (31.1) 6,824 (31.9) 1,165 (31.4) 4,459 (20.9) 746 (20.1)
  Inflammatory disease 2,342 (4.0) 622 (4.2) 92 (3.8) 806 (3.8) 170 (4.6) 537 (3.9) 115 (3.9)
  Respiratory disease 11,472 (19.5) 2,786 (19.0) 473 (19.7) 4,218 (19.7) 732 (19.8) 2,694 (19.5) 569 (19.4)

Values are presented as No. (%) or mean (SD) as indicated. Means and percentages are calculated for variables excluding missing data. There were 
missing data in the following variables: ethnicity (0.3%), CRP (6.0%), household income (15.0%), BMI (3.0%), systolic and diastolic blood pressure 
readings (3.4%), and history of smoking (30.1%).
BMI, body mass index; CRP, C-reactive protein; CVD, cardiovascular disease; PD, periodontal disease.
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1.21; 95% CI, 1.11 to 1.32) and obese (OR, 1.37; 95% CI, 1.23 
to 1.52) than in participants of normal weight (Fig. 2).

Hospital Admission

The rates of hospital admission within 1 mo of a COVID-19–
positive test for participants without periodontal disease were 
4.5%, 6.7%, and 10.2% for normal weight, overweight, and 
obese status, respectively (Table 2, Fig. 1). The admission rates 
for participants with periodontal disease were 3.9%, 7.3%, and 
10.0%.

Healthy Controls.  The risk for hospital admission in people 
without periodontal disease was 36% higher in those who were 
overweight (HR, 1.36; 95% CI, 1.12 to 1.63) and 122% higher 
in those who were obese (HR, 2.22; 95% CI, 1.84 to 2.68) 
compared to those of normal weight (Fig. 2).

People with Periodontal Disease.  After adjustment for covari-
ates, the risk of hospital admission due to periodontal disease 
was no different for participants of normal weight (HR, 0.70; 
95% CI, 0.47 to 1.05) or overweight status (HR, 1.14; 95% CI, 
0.90 to 1.45) but was higher in those who were obese (HR, 
1.57; 95% CI, 1.25 to 1.97; Appendix Table 3, Fig. 3). The risk 
of hospital admission for people with periodontal disease was 
38% higher in participants who were overweight (HR, 1.38; 
95% CI, 1.02 to 1.87) and 124% higher in those who were 
obese (HR, 2.24; 95% CI, 1.66 to 3.03) compared to those of 
normal weight (Fig. 2).

Mortality

The median survival time between a COVID-19–positive test 
result and mortality was 10 d (interquartile range, 5 to 21 d). The 
1-mo mortality rates after a COVID-19–positive test result for 
participants without periodontal disease were 2.1%, 3.3%, and 
4.7% for those of normal weight, overweight, and obese status, 
respectively (Table 2, Fig. 1). The mortality rates for partici-
pants with periodontal disease were 0.8%, 2.5%, and 3.6%.

Healthy Controls.  The 1-mo mortality risk for people without peri-
odontal disease was 38% higher in the overweight group (HR, 

1.38; 95% CI, 1.04 to 1.82) and 120% higher in the obese group 
(HR, 2.20; 95% CI, 1.66 to 2.91) than in the normal weight group 
(Fig. 2).

People with Periodontal Disease.  After adjustment for covari-
ates, the risk for mortality due to periodontal disease was no 
different across BMI categories (Fig. 3). It is worth noting that 
participants with loose teeth exhibited much higher mortality 
in the obese category (HR, 3.11; 95% CI, 1.91 to 5.06; Appen-
dix Table 4; Fig. 2). The mortality rate for people with peri-
odontal disease was no different in those who were overweight 
(HR, 0.90; 95% CI, 0.53 to 1.51), but it was 147% higher in 
participants who were obese (HR, 2.47; 95% CI, 1.61 to 3.79) 
compared to those of normal weight.

Sensitivity analysis showed similar effects to risk estimates 
for COVID-19 infection and associated outcomes in complete 

Table 2.  Rates of COVID-19 Infection and Hospital Admission and Mortality Within 1 mo of a Positive COVID-19 Test Result in Study Participants 
Stratified by BMI Category and Oral Health Indicator.

Normal Weight  
(18.5 to 24.9 kg/m2)

Overweight  
(25 to 29.9 kg/m2) Obese (≥30 kg/m2)

  Overall Healthy Any PD Healthy Any PD Healthy Any PD

Participants, n 58,897 14,701 2,401 21,365 3,705 13,799 2,926
Positive COVID-19 test result 14,466 (24.6) 3,234 (22.0) 622 (25.9) 5,111 (23.9) 1,005 (27.1) 3,654 (26.5) 840 (28.7)
Within 1 mo of positive test result  
  Hospital admission 1,041 (7.2) 145 (4.5) 24 (3.9) 343 (6.7) 73 (7.3) 372 (10.2) 84 (10.0)
  Mortality 469 (3.2) 68 (2.1) 5 (0.8) 169 (3.3) 25 (2.5) 172 (4.7) 30 (3.6)

Values are presented as No. (%). Rates of hospital admission and mortality are based on number of participants with a positive COVID-19 test result.
BMI, body mass index; PD, periodontal disease.
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mortality by oral health status and BMI category. Error bars indicate 
95% CI. BMI, body mass index; PD, periodontal disease.
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cases only (Appendix Tables 5 and 6). Risk estimates for 
COVID-19 infection and associated outcomes based on addi-
tional obesity categories reflected similar results to those 
observed in Figures 2 and 3 (Appendix Tables 7 and 8).

Discussion
This study is the first of its kind to assess the additive impact of 
obesity and periodontal disease on COVID-19 infection and 
associated adverse outcomes. Individuals who were overweight 
or obese were more likely to be infected with COVID-19 and 
more likely to be hospitalized or die within 1 mo of infection 

than people of normal weight. In addition, people with obesity 
and periodontal disease were more likely to be hospitalized or 
die with the infection than those who were obese and did not 
report periodontal disease. While obesity has a larger impact on 
COVID-19 infection and associated outcomes, periodontal dis-
ease may augment the risk of hospital admission and mortality 
in people classified as overweight or obese.

Our findings are consistent with existing studies that sug-
gest that obesity may increase infection and cause adverse out-
comes (Chandarana et al. 2021; Freuer et al. 2021). A modest 
additive effect of periodontal disease in obese people on their 
risks of hospital admission and mortality following COVID-19 
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Figure 2.  Adjusted odds ratios (ORs) and hazard ratios (HRs) show risk of COVID-19 infection and hospital admission and mortality within 1 mo 
for participants with COVID-19 across body mass index categories and stratified by oral health indicators as compared with healthy controls. PD, 
periodontal disease. *Insufficient data available.
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Figure 3.  Adjusted odds ratios (ORs) and hazard ratios (HRs) show risk of COVID-19 infection and hospital admission and mortality within 1 mo for 
participants with COVID-19 across oral health indicators and stratified by BMI category as compared with healthy controls. BMI, body mass index; PD, 
periodontal disease.
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infection was observed. A case-control study on a smaller sam-
ple (n = 568) demonstrated a higher risk of mortality and hospi-
talization in people with periodontitis, although the model did 
not adjust for BMI and the nature of the study design prevents 
the ability to infer causation (Marouf et al. 2021). Interestingly, 
our earlier retrospective study utilizing a smaller UK Biobank 
cohort sample showed a higher risk of mortality among people 
with periodontal disease. We did not previously observe higher 
risk in hospital admission; this could have been due to the 
smaller sample size at the time of writing (Larvin et al. 2021). 
Differences in magnitude of the associations in the present 
study based on an updated UK Biobank dataset suggests pos-
sible differences in the effect of risk factors between the first 
and second waves of the COVID-19 pandemic.

Previous research has demonstrated the association of peri-
odontal disease and obesity (Jepsen et al. 2020). The modest 
augmented risk of poorer outcomes associated with COVID-
19 infection observed in people with higher BMI and peri-
odontal disease could be due to chronic inflammation from the 
combined conditions causing more severe COVID-19 progres-
sion. Augmented levels of C-reactive protein, a marker of 
chronic inflammation, have been observed in patients hospital-
ized with COVID-19 (McNeill et al. 2021). This marker is also 
increased in people with severe periodontal disease (Linden 
et al. 2008), with amplified levels in obese men with periodon-
titis (Meisel et al. 2019). A mendelian randomization study has 
already implicated a causal link between obesity and poorer 
COVID-19 outcomes (Freuer et al. 2021). The findings of the 
present study suggest that inflammation caused by severe peri-
odontal disease may exacerbate the causal effect of higher BMI 
and increased likelihood of COVID-19 hospitalization.

Additional studies are required to confirm the potentially 
additive effect of periodontal disease in obesity on risk of mor-
tality. While rates for mortality appeared lower in people with 
periodontal disease, the direction of risk was reversed follow-
ing adjustment for covariates in the obese group with peri-
odontal disease but not for people in the normal and overweight 
groups. This may be due to the lower average age observed in 
people with periodontal disease overall, and it suggests that 
periodontal disease in the obese group has a greater impact on 
mortality than in the normal and overweight groups. Lower 
mortality estimates may have also been caused by combining 
the oral health indicators, as people with bleeding gums seemed 
to have lower rates of mortality than those with loose teeth. 
Mehta and Preston (2016) speculate that as obesity is usually 
developed in midlife and not a fixed trait, the additive effect 
observed for obesity with other risk factors is caused by subor-
dinate interactions. If left untreated, periodontal disease also 
progresses over time and has a higher prevalence in older age 
(López et al. 2017). As the UK Biobank comprises predomi-
nantly middle-aged people, it is possible that the additive effect 
of periodontal disease and obesity observed in the present 
study is due to sociodemographic or other behavioral factors as 
opposed to physiologic interaction (Mehta and Preston 2016). 
Given that mortality is the most severe outcome of COVID-19, 
it is likely that the trajectory from COVID-19 infection to 

mortality is more multifactorial than other outcomes and could 
explain the difference in the effects observed on COVID-19 
infection and hospitalization.

Whereas BMI is frequently accounted for in epidemiologic 
studies, our findings suggest that future research should incor-
porate oral health status as a covariate in risk models for 
COVID-19 infection and associated outcomes. Additionally, 
future research should account for the date of COVID-19 
infection and associated outcomes or the effect on outcomes of 
specific COVID-19 strains. This would improve understanding 
of risk factors for the prevalent circulating strains and reveal 
those most vulnerable to the consequences of the viral muta-
tions between pandemic waves. The general public should be 
made aware of the additive impact of poor oral health and high 
BMI for severe COVID-19 progression and associated adverse 
outcomes. Additionally, good oral hygiene and self-maintenance 
should be encouraged as a public health initiative in preventing 
poorer COVID-19 outcomes, particularly while dental services 
are limited during the pandemic.

The strengths elicited from this study include the utilization 
of UK Biobank data. The UK Biobank provides a unique 
cohort to examine the effect of a number of exposures and 
covariates; linked health outcomes data and death records 
make it an invaluable tool for epidemiologic research. As a 
result of linked COVID-19 test results, we were able to com-
pare infection rates using negative and positive test results, 
which is a rarity in the compiling COVID-19 research. Using 
the updated, larger COVID-19 test results data set, we were 
able to make comparisons, draw on conclusions from our pre-
vious study, and combine the findings with other studies link-
ing COVID-19 and obesity.

The findings of this study were limited by the use of self-
reported oral health indicators, as these may be subject to 
reduced sensitivity and specificity (Montero et  al. 2020). 
Accuracy of self-reported periodontal disease may also be 
dependent on population demographics (Blicher et al. 2005). 
Conversely, it has been suggested that self-reported bleeding 
gums, painful gums, and loose teeth can accurately identify 
periodontal disease cases; however, more evidence is required 
to confirm this (Abbood et al. 2016). A clinical classification of 
periodontal disease via linked medical and dental records 
would replace the use of self-reported indicators and negate the 
associated biases. Random sampling for people in the present 
study was not applicable due to the nature of the data linkage. 
Overall, 15% of the sample population had self-reported peri-
odontal disease; 7% had bleeding gums; and 2% and 3% 
reported painful gums and loose teeth. The Adult Dental Health 
Survey 2009 found that 54% adults report bleeding gums, 
indicative of milder periodontal disease, while 45% have 
chronic periodontitis (White et  al. 2011). As prevalence of 
periodontal disease is lower in the study sample, it is possible 
that the findings are subject to some selection bias and should 
be interpreted cautiously. Furthermore, given the limitations of 
traditional epidemiologic multivariate modeling and potential 
confounding bias, causal inferences between 1) obesity, peri-
odontal disease, and COVID-19 infection and 2) subsequent 
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adverse outcomes should be interpreted with caution. Alternate 
methods of causal modeling, such as marginal structural mod-
els, could be used to reduce confounding and assess mediation 
effects (Robins et al. 2000); however, such techniques could 
still be limited by data collection and selection bias. Further 
analyses are also required to investigate the underlying mecha-
nisms that lead to the potential interactions among obesity, 
periodontal disease, and COVID-19.

Conclusions
Obesity had a more significant impact on infection and adverse 
COVID-19 outcomes than periodontal disease. Our study 
revealed that periodontal disease may exacerbate the effect of 
obesity on hospitalization and mortality following COVID-19 
infection, although further investigation is required. Increased 
public and professional awareness of this potential risk could 
be informative for future pandemic policy preparations regard-
ing comorbidities and their impact to health outcomes, includ-
ing prioritization of oral health maintenance through seamless 
provision of dental services and public oral health prevention 
initiatives.
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