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Can periodontitis affect the
COVID-19 severity, symptoms,
hospital stay, and mortality? A
case—control study
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Background/purpose: Poor oral hygiene and periodontal disease have been
identified as potential risk factors for the coronavirus disease 2019 (COVID-19).
The present study aimed to determine the association between periodontitis and
COVID-19 severity, nature of symptoms, mortality, and hospital stay.

Methods: In total, 163 COVID-19-positive patients (men: 93; women: 70) were
categorized into two groups: the control group, consisting of 120 patients with
asymptomatic or mild symptoms, and the case group, consisting of 43 patients
with moderate-to-severe symptoms. The severity of periodontal disease, oral
hygiene status (OHI), pocket depth (PD), bleeding on probing (BOP), number of
decayed/missing/filled teeth, mortality, duration of stay in the hospital, oxygen
requirement, and nature of COVID-19 symptoms were assessed in both groups.
The association between periodontitis and COVID-19 was analyzed with other
confounding factors such as age, sex, comorbidities, oral hygiene, and smoking
status.

Results: The presence of periodontitis increases the severity of COVID-19 by 3.7
times (p = 0.002). A statistically significant difference was noted for symptoms
such as dizziness (p = 0.036), running nose/cold (p = 0.009), and headache (p
= 0.005) in the presence of periodontitis. The risk estimate for death associated
with periodontitis was 1.03. Additionally, the average duration of stay was longer
for individuals with periodontitis than for those in the control group.

Conclusion: There is a positive association between periodontal disease and
COVID-19. Periodontitis increases the severity of COVID-19 and alters the
symptoms. Hence, periodontal disease management should be an integral part
of managing patients with coronavirus infection.

KEYWORDS

coronavirus disease, COVID-19, periodontitis, periodontal disease, SARS-CoV-2

Introduction

The coronavirus disease 2019, referred to as COVID-19, is caused by SARS-CoV-
2. SARS-CoV-2 is a zoonotic virus, similar to the Middle East respiratory syndrome
coronavirus (MERS-CoV) and the SARS-CoV-2 (1, 2). The human-to-human transmission
primarily occurred via oral and respiratory droplets, through both direct contact and
non-contact modes (2-7). As of 14 May 2023, over 766 million confirmed cases and
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over 6.9 million deaths have been reported globally. Many
variants of SARS-CoV-2 have been discovered across the globe
causing myriads of symptoms (8, 9). Some common symptoms
of SARS-CoV-2 infection are fever, sore throat, fatigue, body
aches, and loss of taste and smell. In severe cases of COVID-
19, pneumonia, shortness of breath, need for oxygen or
ventilation, and multi-organ failure have been reported (10,
11). Many studies have found that the severity of COVID-19
increases in individuals with comorbidities such as hypertension,
diabetes mellitus, cardiovascular disease, respiratory disorders,
immunocompromised conditions, and in individuals undergoing
radiotherapy and chemotherapy (12-14).

Poor oral hygiene and periodontal disease, an inflammatory
condition affecting the soft tissues around the teeth, have recently
been associated with many respiratory diseases, including COVID-
19 infection (15-25). This association is attributed to the influx
of periodontal pathogens and proinflammatory cytokines into the
systemic circulation during periodontitis (21-23). Additionally,
inflamed periodontal tissues have been identified as a source of
increased presence of angiotensin-converting enzyme 2 (ACE2).
The increased ACE2 allows the attachment of viral particles,
promoting their spread from the oral cavity into the systemic
circulation (22). Many studies have established the association
between periodontitis and COVID-19 and confirmed that the
probability of acquiring COVID-19 is 2.81 times higher in patients
with periodontitis (18-25). The risk of COVID-19 also increases as
periodontal inflammation increases with an OR of 11.75 for severe
periodontitis and an OR of 17.65 for gingivitis (18). Periodontal
disease has also been linked to many COVID-19 complications,
including death, increased ICU admission, and the need for assisted
ventilation (25). Periodontitis has been associated with a 4-fold
increase in hospitalization (OR = 4.72); a 6-fold increase in the
need for assisted breathing (OR = 6.24); and a more than 7-
fold increase in death (OR = 7.51) (20). However, the association
between the severity of periodontitis to the nature and severity
of COVID-19 has not been explored. With this background, the
present study aims to determine the association of periodontitis
with the severity of COVID-19. The main objectives of the study
are as follows:

1. To correlate and compare the severity of periodontitis with the
severity of COVID-19 symptoms, ranging from asymptomatic
to mild, and moderate-to-severe symptoms.

2. To assess the relationship between oral hygiene status (plaque
and calculus scores), bleeding on probing (BOP), and alveolar
bone loss in individuals with mild, moderate, and severe
COVID-19 symptoms.

3. To evaluate the effect of age, sex, smoking, and the presence
of any comorbidities on the association between COVID-19
and periodontitis.

4. To determine the association between periodontitis, mortality
rates, and length of hospital stay for COVID-19 patients.

Materials and methods

This case-control study was conducted at Manipal College
of Dental Sciences, Manipal, Karnataka, India, from December
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2019 to January 2022 following the Declaration of Helsinki (as
revised in 2013), STROBE, and SAGER guidelines. The study was
initiated after approval from the institutional review committee
of Kasturba Medical College and Kasturba Medical Hospital
(IEC no: IEC2-107/2022; Clinical Trial Registry India registration
no: CTRI/2022/08/045088).

Sample size

The sample size was determined based on a previous study
by Mouraf et al. aiming for 80% power (25). Based on the above
calculations, a total sample size of 144 was required (case group =
24 and control group =120).

Screening, eligibility criteria for
recruitment, and grouping

The medical and dental records of COVID-19-positive patients
were obtained from the Office of Medical Superintendent, Kasturba
Medical College, Manipal, from the year 2019 to 2021. A total
of 3,392 medical records were screened to note the presence and
absence of COVID-19 based on positive reverse transcription-
polymerase chain reaction (RT-PCR) reports. Both verbal consent
and written informed consent were taken. All the COVID-19-
positive patients were further screened based on specific inclusion
and exclusion criteria as follows:

Inclusion criteria
1. Both male and female participants aged above 18 years with
a history of COVID-19 infection and having a previous dental
record were included in the study.

Exclusion criteria
1. Subjects <18 years of age.
2. Edentulous patients (with complete loss of teeth).
3. COVID-19-positive patients who were pregnant and lactating
at the time of coronavirus infection.

The following data were retrieved from the medical records
of each patient who fulfilled the eligibility criteria: the date of
the RT-PCR test; the date of onset of COVID-19 infection; and
the signs and symptoms of COVID-19. Based on the signs and
symptoms, all participants were categorized into asymptomatic,
mild, moderate, and severe as per the ICMR guidelines into
two groups: case (participants with moderate-to-severe symptoms
of COVID-19) and control groups (participants with mild-to-
asymptomatic symptoms of COVID-19) (26, 27).

The following data were recorded for both groups: age (in
years), sex (male/female), weight (in kilograms) and height (in
centimeters), smoking status (yes/no), frequency of brushing,
use of interdental aids or mouthwash (yes/no), presence of any
comorbidities, hospital stay after COVID-19, and partial pressure
of oxygen (PO;). The dental records of all the participants were

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1421380
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Macherla et al.

checked by another investigator (SM) who was blinded to the
COVID-19 severity and grouping of participants. The dental
records were checked for the following data: presence or absence
of bleeding on probing (BOP) or percentage of site with BOP;
amount of plaque and calculus scores; mean pocket depth (PPD) (in
millimeters); and clinical attachment loss (CAL) (in millimeters).
The radiographic assessment of bone loss (in millimeters) and
the presence/absence of decayed, missing, and filled teeth was
noted. The extent of bone loss was measured from the cemento-
enamel junction (CEJ) to the apex to the root (in millimeters)
using Image] software (online version) (28, 29). Based on the
average PPD mentioned in the dental records, participants with
an average PPD of <4 mm and no interdental bone loss (BL) were
considered as the non-periodontitis group (N = 63). Those with
an average PPD of more than 4 mm and having two or more teeth
with interdental/interproximal bone loss were classified as the case
group (periodontitis group; n = 100). The periodontitis group
was further divided based on the extent of interdental bone loss
according to the 2017 periodontal disease classification as Stage
I/Stage I1/Stage III/Stage IV (28, 29).

Statistical analysis

All data were entered manually, coded, and proofread for entry
errors by two investigators (AC and SM). The data were subjected
to statistical analysis using Statistical Package for Social Sciences
(SPSS v 20.0, IBM). Descriptive statistics such as frequencies and

10.3389/fpubh.2024.1421380

percentages for categorical variables and the mean and standard
deviation (SD) for continuous variables were calculated. To assess
the relationship between exposure (severity of periodontitis) and
outcome (severity of COVID-19), OR with 95% CI was calculated.
Multiple linear regression was performed to predict the effect of the
independent variables [age, sex, comorbidities, oral hygiene index
(OHI), and smoking] on the association between periodontitis and
COVID-109 severity. For all the statistical tests, a p-value of <0.05
was considered to be statistically significant, keeping o error at 5%
and B error at 20%.

Results

A total of 3,992 medical records were initially screened for
the presence of COVID-19 by checking for a positive RT-PCR
report or signed medical diagnosis of COVID-19. Of this, 3,512
records were included and checked for the presence of dental
records. Out of 3,512 records, 3,349 were excluded as their dental
records were not available. Additionally, 32 records were excluded
as the symptoms of COVID-19 or its severity were not mentioned.
Finally, medical records of 163 patients were included in the study
(Figure 1). Among the 163 participants, 120 participants were in
the control group and 43 in the case group. The symptom-wise
distribution was as follows: 16 were asymptomatic (13.3%), 104
showed mild symptoms of COVID-19 (86.7%), 21 had moderate
symptoms of COVID-19 (48.8%), and 22 had severe (51.2%).
The descriptive data and the results of the regression analysis

IDENTIFICATION ————»

Medical records of COVID-19
positive patients (N=3392)

|

SCREENING »| Medical records of COVID-19 patients
excluded (N=3349): Reason- no dental record
found/ no mention of COVID-19 symptoms

INLCUSION »>

163 medical records included for study

F=70; M=93

Control group
(asymptomatic- mild symptoms)
N= 120 (M: 57; F: 63)

Case group
GROUPING (moderate to severe symptoms)
N=43 (M: 36; F: 7)
Case group (moderate to severe
DATA ANALYSIS COVID-19 infection)

N= 43

Control group (asymptomatic-
mild symptoms)

N=120

FIGURE 1
Participant flow diagram.
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to assess the association between periodontitis and COVID-19
severity based on age, sex, comorbidities, and oral hygiene status
are discussed in detail in the following paragraphs (Tables 1-4).

Sex and age

The group-wise distribution showed that 83.7% of the
participants in the case group were men and 16.3% were women.
The odds of having a higher severity of COVID-19 was 5.68 (p-
value: 0.001) in men (Table 1, Supplementary Tables S1-59). Upon
comparison of sex with the presence or absence of periodontitis
in the case and control groups, a statistically significant difference
was seen between the men and women with a p-value of 0.053
(Table 1, Supplementary Table S1). Upon comparing the severity of
periodontitis, a statistically significant difference was observed in
age across different stages of periodontitis (p < 0.001).

Habits (smoking and smokeless tobacco
use)

The percentage of smokers and non-smokers in the case
group was 4.7% and 95.3%, respectively. In the control group,
8.3% were smokers, and 91.7% were non-smokers (p = 0.428)
(Table 1). The association between periodontal status and COVID-
19 severity, considering the use of smokeless tobacco and smoking,
showed a significant association (OR: 5.85; p-value < 0.001)
(Supplementary Table S1).

Endocrine diseases

As endocrine disorders (especially diabetes mellitus) are an
established risk factor for periodontal disease and COVID-19
severity, the association was assessed. A statistically significant
difference was noted between the groups and COVID-19 severity
(p = 0.036) with 46.5% of moderate-severe COVID-19 patients
reporting a history of endocrine disorders compared to 27.7%
of asymptomatic-mild cases. The difference in the severity of
periodontal diseases was statistically significant (p < 0.001), with
44.4% of periodontitis patients and 14.3% of no-periodontitis
patients affected by endocrine disease (Table 1).

Comorbidities

A statistically significant difference was noted between
periodontitis and non-periodontitis groups for all comorbidities
except for neurological conditions (Supplementary Table S2). The
association of comorbidities with the severity of COVID-19
showed an OR of 3.37 for cardiovascular diseases, an OR of
2.26 for endocrine disorders, an OR of 4.04 for respiratory
diseases, and an OR of 6.32 for neurological diseases (Tables 2,
4, Supplementary Table S2). Respiratory (p-value: 0.009) and
neurological conditions (p-value: 0.002) were shown to have a
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significant influence on the association between periodontitis and
COVID-19 with an OR of 4.125 and 5.778, respectively (Table 2).

Association of periodontitis and
periodontal parameters in the case and
control groups

In the case group, 100 participants (81.4%) had periodontitis;
whereas 65 participants (54.2%) in the control group had
periodontitis. In the case group, periodontitis was absent in 18.6%
of participants (p-value: 0.002) (Table 3). The staging of periodontal
disease showed that 9.8% of the individuals were in Stage I, 28.8%
were in Stage II, 9.2% were in Stage III, and 13.5 % were in Stage
IV. A statistically significant association was observed between
periodontitis and COVID-19 severity (p = 0.002*, OR = 3.702)
(Supplementary Tables S3, S6). A significant association was also
noted between periodontal parameters, such as BOP, and COVID-
19 severity (p = 0.017). The BOP in the case and control groups was
95.3% and 100%, respectively (Supplementary Tables S3, S4).

Association of oral hygiene practice and
decayed/missing/filled teeth scores in the
case and control groups

The oral hygiene status of the participants with regard to plaque
(p = 0.275) and calculus scores (p = 0.370) showed no statistically
significant difference between the case and the control groups
(Supplementary Table S5). When the DMF scores were compared
in the case and control groups, the number of decayed and missing
teeth was higher in the case group than in the control group. The
total DMF score for the case group was 6.72 £ 7.27, and the control
group was 4.90 £ 6.40 (p-value: 0.124) (Supplementary Table S6).

Nature of COVID-19 symptoms, mortality,
days of hospital stay, and partial pressure of
oxygen

Out of 163 individuals, the following COVID-19 symptoms
were recorded: presence of fever (n = 108), loss of taste (n
= 8), loss of smell (n = 7), dizziness (n = 10), presence of
GIT disturbances (n = 39), breathlessness (n = 35), running
16), cough (n = 61), and headache (n = 25).
No difference was noted in the COVID-19 symptoms between

nose (n =

those with periodontitis and non-periodontitis groups. Of those
presenting with fever, 62% had periodontitis and 73% did
0.60) (Table 3). Only 5% of
individuals with periodontitis and 4.8% with non-periodontitis

not have periodontitis (OR =

showed loss of taste; 4% of individuals with periodontitis
and 4.8% without periodontitis had reported loss of smell. A
statistically significant difference was noted only for dizziness
(p = 0.036), running nose/cold (p = 0.009), and headache
(p = 0.005) (Table 4).
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TABLE 1 Demographic characteristics of study participants and their association with COVID-19 and periodontal disease severity.
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Demographic variables COVID-19 severity Periodontal disease severity
Cases Controls Periodontitis Non-periodontitis p-value
(moderate/severe (asymptomatic/mild
COVID-19) COVID-19)
Age Mean £ SD 53.70 £19.13 40.67 +17.34 <0.001* Stage I (n = 16): 32.60 £ 10.72 0.044*
39.31 £16.74
Stage II (n = 47):
44.02 £ 15.96
Stage III (n = 15):
61.27 £+ 16.89
Stage IV (n = 22):
69.00 & 11.44
Sex Males 36 (83.7%) 57 (47.5%) <0.001* 63 (63.0%) 30 (47.6%) 0.053
Females 7 (16.3%) 63 (52.5%) 37 (370%) 33 (52.4%)
Smokeless tobacco Present 6 (14.0%) 7 (5.8%) 0.092 9 (9.0%) 4(6.3%) 0.5438
Absent 37 (86.0%) 113 (94.2%) 91 (91.0%) 59 (93.7%)
Smoking tobacco Present 2(4.7%) 10 (8.3%) 0.428 8 (8.0%) 4(6.3%) 0.694
Absent 41 (95.3%) 110 (91.7%) 92 (92.0%) 59 (93.7%)
Medical history—Endocrine Present 20 (46.5%) 33(27.7%) 0.036* 44 (44.4%) 9 (14.3%) <0.001*
(Diabetes Mellitus)
Absent 23 (53.5%) 86 (72.3%) 55 (55.6%) 54 (85.7%)

*Significant at a p-value of < 0.05. The p-value in bold indicates statistically significant results.
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TABLE 2 Association of comorbidities with COVID-19 severity and periodontal status.

Periodontal Comorbidities Cases Controls OR (95% Cl)
status (moderate/severe (asymptomatic/mild
COVID-19) COVID-19)
Periodontitis H/o Present 22 (62.9%) 27 (42.9%) 2.25(0.96-5.26) 0.058
cardiovascular
disease
Absent 13 (37.1%) 36 (57.1%)
H/o respiratory Present 11 (31.4%) 6(10.0%) 4.125 (1.36-12.45) 0.009*
disease
Absent 24 (68.6%) 54 (90.0%)
H/o endocrine Present 18 (51.4%) 26 (40.6%) 2.256 (0.96-5.26) 0.058
disease
Absent 17 (48.6%) 38 (59.4%)
H/o neurological Present 4 (11.4%) 0(0%) - 0.005*
disease
Absent 31 (88.6%) 65 (100%)
H/o other Present 20 (57.1%) 17 (26.2%) 3.765 (1.58-8.97) 0.002*
systemic diseases
Absent 15 (42.9%) 48 (73.8%)
Non- H/o Present 1(12.5%) 3(5.5%) 2.47 (0.22-27.20) 0.445
periodontitis cardiovascular
disease
Absent 7(87.5%) 52 (94.5%)
H/o respiratory Present 0 (0%) 3(5.5%) - 0.498
disease
Absent 8 (100%) 52 (94.5%)
H/o endocrine Present 2 (25.0%) 7 (12.7%) 2.47 (0.22-27.20) 0.445
disease
Absent 6 (75.0%) 48 (87.3%)
H/o neurological Present 2 (25.0%) 3(5.5%) 5.77 (0.79-41.79) 0.056
disease
Absent 6(75.0%) 52 (94.5%)
H/o other Present 4 (50.0%) 7 (12.7%) 6.85 (1.38-33.85) 0.009*
systemic diseases
Absent 4 (50.0%) 48 (87.3%)

*Significant at a p-value of <0.05. The p-value in bold indicates statistically significant results.

TABLE 3 Association of periodontal status with COVID-19 severity.

Cases
(moderate/severe
COVID-19)

Periodontal status

Controls OR (95% ClI)

p-value

(asymptomatic/mild

COVID-19)

Periodontitis 35(81.4%)

65 (54.2%) 3.7 (1.58-8.64) 0.002*

Non-periodontitis 8 (18.6%)

55 (45.8%)

*Significant at a p-value of <0.05. The p-value in bold indicates statistically significant results.

In participants with moderate-to-severe symptoms of
COVID-19, 11 individuals died. Out of 11, 9 (81.8%) had
periodontitis, and 2 (18.2%) were without periodontitis. In
the case group, the risk estimation of death compared to
survival for individuals with periodontitis was found to be
1.038. Similarly, among patients with asymptomatic to mild
COVID-19, two deaths were reported: one individual with
periodontitis and one without periodontitis. The OR was 0.84

Frontiersin Public Health

in the control group (Table4, Supplementary Table S7). The
mean duration of stay was longer in the periodontitis group
than in the non-periodontitis group. The duration of stay also
increased as the stage of periodontitis increased. However,
the results were not statistically significant (p-value: 0.094)
(Supplementary Tables S7, S8). The Po2 was lower in individuals
with severe COVID-19 symptoms (p-value: 0.007); however,
no statistically significant difference was noted between the
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TABLE 4 Association of COVID-19 symptoms with periodontal status for cases (moderate/severe COVID-19) and controls (asymptomatic/mild

COVID-19).
Symptom Periodontal status Symptom
Present
Fever Cases Periodontitis 24 (80.0%) 11 (84.6%) 0.721
Non-periodontitis 6 (20.0%) 2 (15.4%)
Controls Periodontitis 38 (48.7%) 27 (64.3%) 0.103
Non-periodontitis 40 (51.3%) 15 (35.7%)
Loss of taste Cases Periodontitis 1(100%) 34(81.0%) 0.629
Non-periodontitis 0(0%) 8(19.0%)
Controls Periodontitis 4(57.1%) 61(54.0%) 0.871
Non-periodontitis 3(42.9%) 52(46.0%)
Loss of smell Cases Periodontitis 0 (0%) 35(81.4%) <0.001*
Non-periodontitis 0 (0%) 8(18.6%)
Controls Periodontitis 4(57.1%) 61(54.0%) 0.871
Non-periodontitis 3(42.9%) 52(46.0%)
Dizziness Cases Periodontitis 0.00 (0%) 35(83.3%) 0.034
Non-periodontitis 1(100%) 7(16.7%)
Controls Periodontitis 3(33.3%) 62(55.9%) 0.192
Non-periodontitis 6(66.7%) 49(44.1%)
GI disturbances Cases Periodontitis 8(80.0%) 27(81.8%) 0.897
Non-periodontitis 2(20.0%) 6(18.2%)
Controls Periodontitis 16(55.2%) 49(53.8%) 0.901
Non-periodontitis 13(44.8%) 42(46.2%)
Breathlessness Cases Periodontitis 16(69.6%) 35(83.3%) 0.033*
Non-periodontitis 7(30.4%) 7(16.7%)
Controls Periodontitis 6(50.0%) 62(55.9%) 0.760
Non-periodontitis 6(50.0%) 49(44.1%)
Cold or running Cases Periodontitis 0(0%) 35(81.4%) <0.001*
nose
Non-periodontitis 0(0%) 8(18.6%)
Controls Periodontitis 5(31.3%) 60(57.7%) 0.048*
Non-periodontitis 11(68.8%) 44(42.3%)
Cough Cases Periodontitis 15(83.3%) 20(80.0%) 0.782
Non-periodontitis 3(16.7%) 5(20.0%)
Controls Periodontitis 22(51.2%) 43(55.8%) 0.622
Non-periodontitis 21(48.8%) 34(44.2%)
Headache Cases Periodontitis 2(66.7%) 33(82.5%) 0.497
Non-periodontitis 1(33.3%) 7(17.5%)
Controls Periodontitis 7(31.8%) 58(59.2%) 0.020*
Non-periodontitis 15(68.2%) 40(40.8%)
Mortality Cases Periodontitis 9 Deaths (81.8%) 26 Alive 0.967
(81.3%)
Non-periodontitis 2 Deaths (18.2%) 8 Alive
(18.6%)
Controls Periodontitis 1 Death (50.0%) 64 Alive (54.2%) 0.905
Non-periodontitis 1 Death (50.0%) 54 Alive (45.8%)

*Significant at a p-value of <0.05. The p-value in bold indicates statistically significant results.
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periodontitis and non-periodontitis groups (p-value: 0.109)
(Supplementary Tables S7, S8).

A multivariate analysis was conducted using three models. In
the first model, the severity of COVID-19 was associated with
age and periodontal disease status. The model explained 15.1% of
the variance in COVID-19 severity. The risk of severe COVID-
19 was doubled for patients with periodontitis; however, this
finding was not statistically significant. Patients with periodontitis
were 3.7 times more likely to exhibit severe COVID-19 (p =
0.002). However, there was no statistically significant association
between COVID-19 severity and periodontitis in smokers and non-
smokers (OR: 0.48). A third model with the most common risk
factors (sex, age, periodontal status, smoking, history with cardiac
diseases, respiratory diseases, and endocrine diseases) associated
with COVID-19 showed a 33.2% variance. Significant variables
contributing to the increased severity of COVID-19 were increased
age (OR: 1.02), male sex (OR: 5.77), and the presence of respiratory
diseases (OR: 3.00) (Supplementary Table S9).

Discussion

The present study aimed to assess the association of
periodontitis with the severity of COVID-19. The study found a
positive association between periodontitis and COVID-19 severity
(OR = 3.70). We also noted that all patients with COVID-19
had some form of gingival inflammation and compromised oral
hygiene. However, no significant association was observed between
periodontal parameters, such as BOP and bone loss, between the
case and control groups. Patients with moderate-to-severe forms of
COVID-19 have shown more decayed and missing teeth compared
to those with mild or asymptomatic COVID-19 patients. These
results are similar to previous studies by Moradi et al., which
found that poor oral hygiene and the presence of periodontitis
were associated with increased severity of COVID-19 symptoms,
increased admission to the ICU, and increased mortality (30, 31).
However, a recent systematic review found that the symptoms of
periodontitis, particularly BOP, were not associated with COVID-
19 positivity (OR = 1.1) or mortality (OR = 2.71) but were
associated with COVID-19 severity (OR = 3.18) (32). Few studies
have also observed an increased risk of dizziness and headaches in
patients with periodontitis (33-38). We also noted a statistically
significant difference in symptoms such as dizziness, running
nose, and headache in the periodontitis group compared to the
non-periodontitis group. This could be attributed to the direct
connection between the oral cavity to the nose, maxillary sinus,
and the neurological system. A recent study by Huang et al. in the
Taiwanese population also observed an increased risk of dizziness
in patients with periodontitis (33). The authors retrieved data from
2008 to 2013 from the National Health Insurance Research of
Taiwan. Patients diagnosed with periodontal disease or dizziness
after at least one hospital admission or three outpatient visits
were included in the study. In total, 445 patients with periodontal
disease and 1,780 healthy controls were selected. Dizziness was
significantly higher among the patients with periodontal disease
relative to the controls. Periodontal disease is not only a risk
factor for dizziness but also an independent risk factor for
dizziness. Similarly, few studies and systematic reviews have found
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a positive association between poor oral hygiene, periodontitis, and
respiratory such as respiratory pneumonia, COPD, asthma, and
headaches, thus justifying the results of the increased prevalence of
respiratory and neurological symptoms in COVID-19 patients with
periodontitis (34-38).

The correlation between periodontitis and COVID-19 is
attributed to increased systemic oxidative stress and inflammatory
burden with increasing severity of periodontitis. Additionally,
the presence of ACE2 receptors in the inflamed periodontal
tissues also contributes to the presence of coronavirus in the oral
cavity and its invasion into the systemic circulation (39, 40). The
local inflammatory burden and oxidative stress in the inflamed
periodontal tissues must be prevented and managed effectively.
This is crucial as the proinflammatory cytokines enter the systemic
circulation and increase the inflammatory burden in the body,
including the respiratory system (41).

Although our study did not evaluate the effect of oral hygiene
maintenance in systemically compromised patients, it is crucial
for reducing the severity of coronavirus infections. Therefore, the
maintenance of good oral hygiene and the control of periodontal
disease is crucial for the effective management of COVID-
19. Simple measures such as practicing good oral hygiene and
scheduling regular dental visits could help prevent or decrease the
severity of COVID-19. Although our study found that increasing
severity of periodontitis is associated with more severe COVID-19
symptoms, we would like to highlight some limitations of the study.
One key limitation is that the data were collected from patients
aged 18 years and older; therefore, the role of periodontitis in young
individuals or the pediatric population cannot be commented upon
in this study. Our study analyzed patients with asymptomatic
and mild COVID-19 symptoms as well as those with moderate-
to-severe forms of the disease. Hence, future research studies
should compare symptomatic and asymptomatic individuals and
their correlation to periodontal disease. Additionally, studies
should investigate how COVID-19 affects periodontal outcomes
and evaluate the effectiveness of periodontal therapy in COVID-
19 patients.

Conclusion

A positive association exists between periodontitis and the
severity of COVID-19. Respiratory and neurological disorders
significantly influence the association between periodontitis
and COVID-19 severity. Increased severity of periodontitis is
associated with higher hospital stays and mortality. Individuals
with periodontitis have a higher risk of experiencing dizziness,
headaches, and running noses than those without periodontitis.
An interdisciplinary approach involving the management of
periodontal disease and maintaining good oral hygiene for the
effective management of COVID-19 should be further explored.
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