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Abstract Objective: Studies have shown that gingival crevices may be a significant route for

SARS-CoV-2 entry. However, the role of oral health in the acquisition and severity of COVID-

19 is not known.

Design: A retrospective analysis was performed using electronic health record data from a large

urban academic medical center between 12/1/2019 and 8/24/2020. A total of 387 COVID-19 posi-

tive cases were identified and matched 1:1 by age, sex, and race to 387 controls without COVID-19

diagnoses. Demographics, number of missing teeth and alveolar crestal height were determined

from radiographs and medical/dental charts. In a subgroup of 107 cases and controls, we also exam-

ined the rate of change in alveolar crestal height. A conditional logistic regression model was uti-

lized to assess association between alveolar crestal height and missing teeth with COVID-19

status and with hospitalization status among COVID-19 cases.

Results: Increased alveolar bone loss, OR = 4.302 (2.510 – 7.376), fewer missing teeth,

OR = 0.897 (0.835–0.965) and lack of smoking history distinguished COVID-19 cases from
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controls. After adjusting for time between examinations, cases with COVID-19 had greater alveolar

bone loss compared to controls (0.641 ± 0.613 mm vs 0.260 ± 0.631 mm, p < 0.01.) Among cases

with COVID-19, increased number of missing teeth OR = 2.1871 (1.146– 4.174) was significantly

associated with hospitalization.

Conclusions: Alveolar bone loss and missing teeth are positively associated with the acquisition

and severity of COVID-19 disease, respectively.

� 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused

by severe acute respiratory syndrome virus 2 (SARS-CoV-2),
overwhelmed New York City health care systems, filling inten-
sive care units to capacity (Narula & Singh, 2020), and resulted

in over 1.6 million infections and 35,000 deaths. SARS-CoV-2
was transmitted by aerosol (cough, sneeze, droplet inhalation)
and contact methods (contact with oral, nasal, ocular mucous

membranes) (Peng et al., 2020). As one of the first viral entry
points into the body, the oral cavity may play a critical role at
the onset of COVID-19 (Sawa et al., 2021).

SARS-CoV-2 enters cells through the human angiotensin-
converting enzyme 2 (ACE2) receptor. ACE2 positive cells
are abundantly present throughout the respiratory tract and
in cells compatible with the salivary gland duct epithelium,
tongue, buccal mucosa, and gingiva (Huang et al., 2021). Pop-
ulations with higher expressions of ACE2 may be more suscep-
tible to SARS-CoV-2 (Cao et al., 2020). Transmembrane
serine protease 2 (TMPRSS2) aids viral spread through spike
protein priming (Hoffmann et al., 2020). Periodontal disease
was associated with altered expression of ACE2 and
TMPRSS2 and the expression of TMPRSS2 increases during
gingivitis induction (Jonsson et al., 2011). Therefore, improv-
ing oral hygiene may help prevent COVID-19 infection
(Addy, 2020). A link between periodontitis and more severe
complications of COVID-19 was observed via cross-sectional
study (Gupta et al., 2021b), but commonalities between risk
factors for periodontal disease and poor outcomes from
COVID-19 infection complicate the potential causal link
between the conditions (Basso et al., 2021).

Risk factors for severe COVID-19 include age over 65 years,
male sex, and pre-existing comorbidities (hypertension, dia-

betes, and cardiovascular disease) (Zheng et al., 2020). The
same comorbidities are also associated with imbalances in
the oral microbiome and increased risk of periodontal disease

(Sampson et al., 2020). When controlling for common risk fac-
tors, periodontitis was associated with a higher risk of
COVID-19 complications (Shamsoddin, 2021). Periodontal

disease can cause increases in both local and systemic levels
of cytokines, which may potentiate the cytokine storm in
COVID-19 patients (Sampson et al., 2020). Periodontal disease
in combination with obesity resulted in increased odds of hos-

pitalization for COVID-19 compared to obesity alone (Larvin
et al., 2021). Therefore, improving oral health may help reduce
the severity of COVID-19 (Botros et al., 2020). The existing lit-

erature presents with limitations to study design and recruit-
ment, however biological plausibility and preliminary
retrospective and cross-sectional reports indicate that peri-

odontal disease may be directly linked to COVID-19 infection
severity.
This study aims to assess the plausibility of a history of
periodontal disease as a risk for COVID-19 infection, the rate

of periodontal deterioration as a proximal risk for COVID-19
infection, and severity of periodontal disease as a correlative
with the likelihood of COVID-19 disease requiring hospitaliza-

tion. We utilized a convenience sample of age, sex and race
matched COVID-19 patients and uninfected COVID-19 con-
trols with recent dental records and COVID-19 hospitalization
records from patients evaluated at Columbia Irving Medical

Center between 12/1/2019 and 8/24/2020 during the first wave
of COVID-19 infection in New York City.

2. Materials & methods

2.1. Study population

This study was approved by the International Review Board
(IRB), reference number AAAT2272. Dental records and

radiographs and medical records are all on the same electronic
health records platform (EPIC) at Columbia Irving Medical
Center. We identified 387 patients with dental visit records at

the institution between 12/1/2019 and 8/24/2020
(n = 22,112) and an ICD-10-CM code for COVID-19
(U07.01) after their dental visit and 387 age, sex, and race
matched controls without a COVID-19 diagnosis code.

Among the case-control pairs, a subgroup of 50 cases and 57
controls had radiographs before and after 2/1/20—when the
first case of COVID-19 was diagnosed at the institution—

and were included in the subgroup analysis of change in alve-
olar crestal height after COVID-19 infection.

2.2. Medical and dental chart review

Medical and dental data from EPIC was manually extracted
for all 774 cases and controls. Age, sex, race, ethnicity, diabetes

diagnosis, hypertension diagnosis, hospital admission status
due to COVID-19 and smoking status were recorded from
demographics, medical history, problem list, and substance
abuse chart sections in EPIC. Smoking status was coded as

never, past, or current smoker. Hospital admission status
was coded as hospitalized for cases with admissions attributed
to COVID-19 or COVID-19 symptoms such as shortness of

breath, pneumonia, or respiratory distress with a concurrent
diagnosis code.

Data for number of missing teeth excluding third molars

(maximum number = 28) was obtained using the most recent
tooth charts in EPIC, full mouth series of dental X-rays, or
panoramic dental X-rays. Alveolar crestal height (ACH) mea-
surements for each patient with a full mouth series of radio-

graphs were made by one of four investigators using the

http://creativecommons.org/licenses/by-nc-nd/4.0/
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image analysis tools within Medcore Imaging MiPACS Dental
Enterprise Viewer software (Fig. 1). ACH was measured as the
distance between the cemento-enamel junction (CEJ) and the

alveolar crest (AC) on the mesial and distal of teeth present
on bitewing radiographs. The investigator identified the CEJ
as the interface of the higher contrast enamel and the lower

contrast dentin and the AC as the interface between the lower
Fig. 1 Alveolar Crestal Height Measurements. A. Alveolar cres

radiographs. B. Investigators visually located the cemento-enamel junc

present on bitewings, demonstrated by the dot markings on tooth #2

within Medcore Imaging MiPACS Dental Enterprise Viewer software.

on the distal (a) and mesial (b) of each tooth captured on bitewing. An

average alveolar crestal height.
density of the bone-free region and the alveolar bone (Zaki
et al., 2015). An average of all measurements was taken to
determine the patient’s average alveolar crestal height

(Wactawski-Wende et al., 2005). Agreement between investiga-
tors was confirmed by calculating Pearson correlation coeffi-
cient between all four investigators for a random sample of

radiographs (n = 13) (Table 1).
tal height (ACH) measurements were obtained from bitewing

tion (CEJ) and alveolar crest (AC) on the mesial and distal of teeth

9. C. Measurements were obtained using the image analysis tools

ACH was measured as the distance between the CEJ and the AC

average of all measurements was taken to determine the patient’s



Table 1 Interrater reliability.

Pearson correlation coefficient

Researcher 1 Researcher 2 Researcher 3 Researcher 4

Researcher 1 1 0.77 0.71 0.87

Researcher 2 0.77 1 0.93 0.96

Researcher 3 0.71 0.93 1 0.92

Researcher 4 0.87 0.96 0.92 1
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2.3. Statistical approach

Overall case-control group differences were evaluated with
Chi-square or Fisher’s Exact Test for categorical variables
and T-tests or Wilcoxon Sign Rank tests for continuous vari-

ables. Paired T-tests for continuous variables and conditional
logistic regressions of paired case-control categorical data were
performed to estimate univariable associations between risks

(ethnicity, hypertension, diabetes smoking category and cur-
rent smoking status) and COVID-19 case status. A missing
value for race, ethnicity, hypertension, or diabetes was repre-

sented in the reference coding and analysis. Results were
reported for the non-missing coding against the reference
group: white, non-Hispanic, non-hypertensive and non-

diabetic, respectively. Alveolar crestal height measures were
available for 234 cases and 266 controls. A conditional logistic
regression stepwise selection model, p-value <0.20 to enter
and <0.05 to stay, assessed the above risks. The resultant

model was tested forcing alveolar crestal height and number
of missing teeth into the model to assess the influence of alve-
olar crestal height and missing teeth on risk estimates. Next,

cases and controls with dental radiographs before and after
Table 2 Demographics, comorbidities, and dental measures in pati

Covid-1

(n = 38

Demographics mean ±

Age (years old) 47.1 ±

Sex

Males 130 (34

Females 257 (66

Race

Asian American/Native Hawaiian/Pacific Islander 22 (5 %

Black or African American 56 (14 %

Other 163 (42

White 146 (38

Ethnicity

Hispanic or Latino or Spanish Origin 149 (39

Not Hispanic or Latino or Spanish Origin 163 (42

Unknown 75 (19 %

Co-morbidities n (%) w

Hypertension 120 (31

Diabetes 50 (13 %

Smoking status

Ever 348 (90

Current 6 (2 %)

Dental measurements mean ±

Alveolar crestal height (mm) 2.42 ±

Missing Teeth (number) 3.68 ±
2/1/20 date were compared on change in alveolar crestal height
unadjusted by T-test and adjusted for the number of years

between radiographs by analysis of covariance. Lastly, we
assessed risks for hospitalization in the case cohort using a
similar method as our initial approach with the exception that

age, sex, and race were included in the vector of risks. No miss-
ing data were imputed and no adjustment for multiple compar-
isons was implemented. All data management and statistical

analyses used SAS (SAS Institute, Cary, NC).

3. Results

3.1. Dental measures in COVID-19 cases and controls

COVID-19 cases were well matched to controls with regards to age,

sex, and race. Compared to controls, COVID-19 cases had a higher

proportion of Hispanics/LatinX, hypertension and diabetes and a

lower proportion of ‘‘ever” smokers. COVID-19 cases also had greater

alveolar crestal heights (2.42 mm ± 0.90 vs 1.82 mm ± 0.73,

p < 0.001) (Table 2) in comparison to controls, indicating more alve-

olar bone loss. Interestingly, COVID-19 cases had fewer number of

missing teeth than controls (3.68 teeth ± 5.77 vs 4.67 teeth ± 7.02,

p < 0.04) (Table 2).
ents with and without COVID-19 diagnosis.

9+

7)

Covid-19�
(n = 387)

p value

SD or n (%) mean ± SD or n (%)

19.7 47.0 ± 19.6 N/A

N/A

%) 130 (34 %)

%) 257 (66 %)

N/A

) 22 (5 %)

) 56 (14 %)

%) 163 (42 %)

%) 146 (38 %)

0.001

%) 95 (25 %)

%) 195 (50 %)

) 97 (25 %)

ith condition n (%) with condition

%) 68 (18 %) <0.001

) 24 (6 %) 0.01

%) 375 (97 %) 0.001

6 (2 %) 1.00

SD mean ± SD

0.90 1.82 ± 0.73 <0.001

5.77 4.67 ± 7.02 0.04
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Multivariate logistic regression models for COVID-19 status were

performed on 147 case-controls pairs with data for both alveolar cre-

stal height and number of teeth missing available. Greater alveolar cre-

stal height, OR = 4.302 (2.510–7.376), fewer missing teeth,

OR = 0.897 (0.835–0.965), and lack of a history of smoking distin-

guished COVID-19 cases from controls (Table 3).

3.2. Association of the rate of alveolar bone loss with Covid-19 diagnosis

Change in alveolar crestal height was evaluated in a subgroup of 50

COVID-19 cases and 57 controls that had a dental visit with radio-

graphs before and after 2/1/20, when the first cases of COVID-19 were

diagnosed in New York City. Alveolar bone loss was 0.650 ± 0.085

mm in the COVID-19 cases over 2.54 ± 1.99 years and 0.266 ± 0.0

79 mm in the controls over 1.97 ± 1.21 years and remained significant

after adjusting for the time difference between scans, p = 0.0014.
Table 3 Multivariate logistic regression models for COVID-

19 status.

COVID-19 status

n = 147 case-control pairs

Characteristic Adjusted Odds Ratios

History of smoking (ever) 0.222 (0.079–0.621)

Alveolar crestal height (mm) 4.302 (2.510–7.376)

Missing teeth (number) 0.897 (0.835–0.967)

* with alveolar crestal height and missing teeth as forced variables.

Variables included in univariate analysis: race, ethnicity, HTN,

diabetes, smoking (ever vs never).

Table 4 Demographics, comorbidities, and dental measures in CO

Hospita

(n = 48

Demographics mean ±

Age (years old) 53.4 ±

Sex

Males 20 (42 %

Females 28 (58 %

Race

Asian American/Native Hawaiian/Pacific Islander 2 (4 %)

Black or African American 8 (17 %

Other 22 (46 %

White 16 (33 %

Ethnicity

Hispanic or Latino or Spanish Origin 29 (60 %

Not Hispanic or Latino or Spanish Origin 13 (27 %

Unknown 6 (13 %

Co-morbidities n (%) w

Hypertension 23 (48 %

Diabetes 13 (27 %

Smoking status

Ever 40 (83 %

Current 1 (2 %)

Dental measurements mean ±

Alveolar crestal height (mm)* 2.87 ±

Missing Teeth (number)# 7.00 ±

* Alveolar crestal height data available in 25 cases and 209 controls.
# Missing teeth data available in 39 cases and 209 controls.
3.3. Dental measures and severity of COVID-19 disease

Among the 387 COVID-19 cases, 48 required hospitalization (Table 4).

The hospitalized COVID-19 patients were older, more likely to be His-

panic and more likely to have hypertension or diabetes than non-

hospitalized COVID-19 patients. In addition, COVID-19 patients

requiring hospitalization had greater alveolar crestal height (2.86 m

m± 1.08 vs 2.37 mm± 0.87, p < 0.01) and greater number of missing

teeth (7.00 ± 8.27 vs 3.26 +_/- 5.24, p < 0.01) than non-hospitalized

COVID-19 patients (Table 4). The multivariable assessment of risk of

COVID-19 hospitalization on the 231 cases with complete records (216

non-hospitalized and 15 hospitalized) showed that greater number of

missing teeth OR = 1.113 (1.034–1.197), was statistically significant

compared to non-hospitalized COVID-19 patients. P < 0.0001,

(Table 5).

4. Discussion

In this retrospective study of data from a single institution, his-
torical measures of periodontal disease are differentially pre-
sent in COVID-19 cases. When controlling for other risk

factors for COVID-19 disease, dental patients with a
COVID-19 diagnosis had evidence of greater alveolar bone
loss by dental radiographs than matched controls. Numerous

researchers have hypothesized that periodontal disease may
cause an increase in the likelihood of SARS-CoV-2 infection
(Kara et al., 2020; Pitones-Rubio et al., 2020); however, exist-
ing literature on the topic was inconclusive and contradictory.

A large study of extracted data from UK biobank participants
that found that self-reported painful or bleeding gums and
loose teeth were not associated with an increased likelihood

in COVID-19 infection (Larvin et al., 2020). This finding dif-
VID-19 patients with and without hospitalization.

lized

)

Non-Hospitalized

(n = 338)

p value

SD or n (%) mean ± SD or n (%)

20.4 46.0 ± 19.1 0.02

0.21

) 110 (32 %)

) 229 (68 %)

0.87

20 (6 %)

) 48 (14 %)

) 141 (42 %)

) 130 (38 %)

0.01

) 120 (35 %)

) 150 (44 %)

) 69 (21 %)

ith condition n (%) with condition

) 97 (29 %) 0.01

) 37 (11 %) 0.01

) 308 (91 %) 0.11

5 (1 %) 0.94

SD mean ± SD

1.08 2.37 ± 0.87 0.01

8.27 3.26 ± 5.24 0.0001



Table 5 Multivariate logistic regression models for hospital-

ization among COVID-19 patients.

Hospitalization status

n = 231 COVID-19 cases- n = 25

hospitalized and n = 216 non-hospitalized

Characteristic Adjusted Odds Ratios

Alveolar crestal

height (mm)

1.313 (0.812–2.124) p = 0.27

Missing teeth

(number)

1.113 (1.034–1.197) p = 0.005

* with ACH and missing teeth as forced variables.

Variables included in univariate analysis: Age, Sex, race, ethnicity,

HTN, diabetes, smoking (ever vs never).
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fers from what our data shows, possibly due to the inaccura-
cies of self-reporting as a surrogate for the mild/moderate

stages of periodontal disease (Deng et al., 2021). Interestingly,
our data shows COVID-19 infection was associated with the
presence of fewer missing teeth (not including third molars.)

Others have demonstrated that periodontal pockets present
suitable conditions for viral replication, infection, and spread
to gingival capillaries and may serve as reservoir for SARS-

CoV-2 (Badran et al., 2020; Gupta et al., 2021a). Our finding
that COVID-19 cases had more teeth present than controls
may be explained by the presence of more teeth allowing for
more periodontal pockets and points of viral entry.

Through examination of the rate of change in ACH in a
subgroup of cases and controls with radiographs before and
after the first cases of COVID-19 were diagnosed in New York

City, we found an association between the rate of periodontal
disease progression and COVID-19 disease. Cases with
COVID-19 had greater alveolar bone loss over this period than

controls, indicating that more rapidly deteriorating oral health
co-occurs with COVID-19 disease. There are two possible
explanations for this finding. First, people with active peri-
odontal disease are more likely to become infected with

COVID-19. In support, a case control study found by clinical
examination that people who recovered from Covid-19 had
more severe periodontal disease than patients who never had

Covid-19 (Patel et al., 2021). Second, COVID-19 infection
itself induces alveolar bone loss. In support, SARS-CoV-2
binds and causes alterations of the ACE2 receptor pathways

(Patel et al., 2021) and the ACE2 pathway promotes an ana-
bolic pathway in alveolar bone (Queiroz-Junior et al., 2019).
In addition, SARS-CoV-2 infection causes morphological

alterations in the junctional epithelium in post-mortem peri-
odontal tissue (Fernandes Matuck et al., 2020).

Lastly, we found that a more compromised periodontium
was associated with COVID-19 severity. In the absence of viral

load data or other measures of COVID-19 severity, hospital-
ization due to COVID-19 infection was used as a proxy for dis-
ease severity. Increased alveolar bone loss and more missing

teeth were associated with greater likelihood of hospitalization
in COVID-19 cases. This was in agreement with other studies
that found periodontitis, painful and/or bleeding gums, and

dental damage to be associated with more severe COVID-19
infection outcomes (Larvin et al., 2020; Sirin & Ozcelik,
2021) and that the negative effect of obesity on Covid-19 out-
comes was exacerbated by periodontal disease (Shah &
Badner, 2020). Our multivariable assessment of risk of
COVID-19 hospitalization showed that increased number of

missing teeth was associated with increased risk of COVID-
19 hospitalization. Increased tooth loss was also associated
with chronic obstructive pulmonary disease (Cunningham

et al., 2016), asthma (Shah & Badner, 2020), and pneumonia
mortality (Gomes-Filho et al., 2020; Suma et al., 2018), which
may be due to aspiration into the lung of oral pathogens

(Bansal et al., 2013) and/or periodontal disease induced sys-
temic cytokines causing exacerbation of respiratory disease
activity (Wahaidi et al., 2011). It was surprising that more
teeth present are associated with increased likelihood of

COVID-19 infection whereas fewer teeth present are associ-
ated with more severe outcomes among the infected popula-
tion. We plan to examine data from other institutions to see

if these findings are unique to our dataset or institution.
This study had several limitations. Based on COVID-19

statistics from the New York City Department of Health, at

least 1 out of every 11 people in Washington Heights, the
catchment area of the medical center, was diagnosed with
COVID-19. Based on a total patient population of 22,112 in

our dental clinic, we expected over 2000 cases of COVID-19
instead of only 387. Our low case number was likely due to
undertesting during the early stages of the epidemic in New
York City, when testing was restricted to hospitalized patients

and diagnoses made in other facilities. We considered adding
self-reported COVID-19 data to mitigate this, however two
recent studies suggested that <50 % of people with self-

reported COVID-19 can be confirmed by serological testing
(Matta et al., 2022; Mulchandani et al., 2021). Another limita-
tion was the lack of complete data (dental chart and radio-

graphs) to evaluate alveolar crestal height and missing teeth
on every patient. Additionally, the longitudinal sample was
limited in size. Lastly, the effects of Covid-19 infection on

endodontic disease was not investigated despite a recent report
showing that the SARS-CoV2 entry molecules, TMPRSS-2
and ACE2, are expressed in the dental pulp and that Covid-
19 infection may potentiate pulpitis (Galicia et al., 2020).

5. Conclusions

COVID-19 cases demonstrated lower alveolar bone levels

(more bone loss) and a faster rate of alveolar bone loss, mea-
sured as the difference in bone level between radiographs taken
before and after the first cases of COVID-19 were diagnosed in

New York City, than controls. Patients with more severe
COVID-19 disease, as indicated by hospitalization due to
COVID-19 infection, were more likely to have more missing

teeth than non-hospitalized COVID-19 patients. Additional
studies are needed to confirm the role of periodontal disease
in risk and severity of COVID-19 infection and the role of
COVID-19 infection on accelerating alveolar bone loss.
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