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Abstract

Background: Most of the common risk factors for severe outcomes of coron-
avirus disease 2019 (COVID-19) are correlated with poor oral health, tooth loss,
and periodontitis. This has pointed to a possible relationship between oral and
systemic health in COVID-19 patients. Hence, this study aimed to assess the den-
tal and periodontal status of hospitalized COVID-19 patients and their associa-
tions with the incidence of adverse COVID-19 outcomes.

Methods: We included 128 hospital patients aged between 20 and 97 years and
with diagnoses of COVID-19 in this prospective observational study. Dental and
periodontal status was assessed using in-hospital clinical examinations, includ-
ing the Decayed, Missing, and Filled Teeth index, periodontal status, and tooth
loss patterns (Eichner index). Associations between oral health measures, the
severity of COVID-19 symptoms, and hospitalization endpoints were tested using
chi-square test and incidence rate ratio (IRR) estimation using a generalized
linear model with log-Poisson regression. The regression models used a block-
wise selection of predictors for oral health-related variables, comorbidities, and
patients’ ages.

Results: Overall, poor oral health conditions were highly prevalent and associ-
ated with critical COVID-19 symptoms, higher risk for admission in the intensive
care unit (ICU), and death. Periodontitis was significantly associated with ICU
admission (IRR = 1.44; 95% confidence interval [95%CI] = 1.07-1.95; P = 0.017),
critical symptoms (IRR = 2.56; 95%CI = 1.44-4.55; P = 0.001), and risk of death
(IRR = 2.05; 95%CI = 1.12-3.76; P = 0.020) when adjusted for age and comorbidi-
ties. The Eichner index (classes B and C) was associated with ICU admission.
Conclusion: There was a positive association between deleterious oral health-
related conditions, especially periodontitis, and severe COVID-19 outcomes in
hospitalized COVID-19 patients.
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1 | INTRODUCTION

The new coronavirus infection by the severe acute respira-
tory syndrome-2 virus (SARS-CoV-2) and the coronavirus
disease 2019 (COVID-19) pandemic dramatically affected
human life worldwide and presented unprecedented chal-
lenges to health services, governments, and society.! In
addition to efforts to minimize its socioeconomic impacts,
control the dissemination of the infection, and develop
effective preventive and treatment strategies, there was
also a need to understand the epidemiological and patho-
physiological aspects of the disease and related risk factors
that predispose specific groups to severe disease manifes-
tations and higher mortality risks.

The risk for severe disease and death increases with
age and the presence of comorbidities such as diabetes,
hypertension, and obesity." The fact that most of the com-
mon risk factors for severe outcomes of COVID-19 are
correlated with poor oral health, tooth loss, and peri-
odontitis pointed to a possible relationship between oral
and systemic health in COVID-19 patients.”> A recent
retrospective study based on oral examination records
and panoramic X-rays suggested a possible relationship
between poor dental conditions and the severity and out-
come of COVID-19, as they observed higher hospitaliza-
tion and death rates in patients with severe dental damage,
including caries lesions, apical periodontitis, and cervical
bone loss.

The presence of severe periodontitis was reported to be
associated with COVID-19,” and a higher risk for severe
complications of COVID-19 was also suggested,”>* espe-
cially in predisposed patients with hypertension.” A case-
control study assessed the periodontal conditions in poste-
rior bitewings and panoramic radiographs from electronic
medical records and outcomes of COVID-19 from the same
database.!” After adjusting for potential confounders,
periodontitis was associated with higher rates for all
COVID-19 complications, death, intensive care unit (ICU)
admission, and the need for invasive ventilation.!° In
a cross-sectional clinical study, Gupta et al. found that
hospital admission, the requirement for assisted ventila-
tion, and COVID-19 pneumonia rose with a concomitant
increase in the severity of periodontitis (but without adjust-
ment for confounders).!! Furthermore, the detection of
SARS-CoV-2 in samples of periodontal tissues'” and den-
tal biofilm'® suggest a role of periodontal and oral envi-
ronment in the contamination and infectivity patterns of
COVID-19," affecting strategies to avoid the spread, pre-
vention of adverse outcomes, and potential therapeutic
approaches for COVID-19.

Nevertheless, there is scarce evidence derived from
clinical data on the relationship between harmful oral

conditions and the likelihood of aggravated COVID-19
symptoms. Therefore, this study aimed to assess the oral
health conditions in COVID-19 patients and determine
the association between oral health and disease outcomes,
including the incidence of severe/critical symptoms, ICU
admission. The study hypothesis was that the prevalence
and severity of caries, periodontitis, and tooth loss are
associated with severe COVID-19 symptoms and poor out-
comes in hospitalized patients.

2 | MATERIALS AND METHODS

2.1 | Study location, design, and sample
This short-term prospective study was conducted in Goia-
nia, State of Goias, a city located in central Brazil with
nearly 1.5 million inhabitants. Brazil has one of the highest
death tolls due to COVID-19 globally, and the incidence of
the disease, hospitalization, and mortality in all the states
in Brazil achieved high rates during the entire pandemic
period.”

This study was designed according to the STROBE
guidelines for cohort studies (see in online Journal of
Periodontology).'® A convenience sample of COVID-19
patients was selected from two reference hospitals for
COVID-19 patients (Clinical Hospital of the Federal Uni-
versity of Goids, HC/UFG; and the COVID-19 State-run
Hospital, HCamp). Participants were recruited between
August 2020 and March 2021, when the two hospitals
admitted 1,964 COVID-19 patients. The university and
the hospital ethical research committees approved the
study (CAEE 38088920.9.0000.5083 / 38088920.9.3001.5078
/ 38088920.9.3002.5082), ensuring anonymity and confi-
dentiality of patient data. All participants or responsi-
ble relatives provided informed written consent to partic-
ipate in the study. This study followed the Declaration of
Helsinki’s principles.

Eligible participants were hospitalized, infected COVID-
19 patients, with a minimum age of 18 years. Due to the
limited access to restricted areas, assessment of poten-
tially eligible patients occurred once per week during
scheduled visits. The number of assessed patients in each
visit varied according to the current hospital census rates
throughout the data collection period. Inclusion criteria
included a diagnosis of COVID-19 confirmed by reverse-
transcription polymerase chain reaction (QRT-PCR) and
the presence of at least one typical COVID-19 symptom.'”
Exclusion criteria included the impossibility of performing
intraoral examinations and periodontal assessments, sep-
sis, infections with multiresistant bacteria, missing dates
of qRT-PCR examinations, missing information regarding
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the study endpoints, and missing data on the selected out-
comes.

2.2 | Variables
Baseline data were collected after hospitalization under
acceptable individual clinical conditions for the exami-
nation procedures. Sociodemographic data included age,
sex, race, educational level, and monthly family income.
Medical information was retrieved from medical records
and included the following: body mass index (BMI);
pre-existing habits (smoking and alcohol intake); comor-
bidities, conditions, or diseases associated with a higher
risk of COVID-19 aggravation including diabetes, obesity
(BMI > 30), hypertension, asthma, and chronic obstruc-
tive pulmonary disease (COPD); pregnancy; cardiovascu-
lar diseases; liver diseases; cancer; osteoporosis; thyroid
diseases; arthritis; and HIV or other sexually transmitted
diseases.

The set of selected oral health variables were as follows:

1. Decayed, Missing, and Filled Teeth (DMFT) index;'"®

2. The Eichner index is a tooth-loss classification sys-
tem based on the presence or absence of occlusal
contact in the posterior area: Class A (four support
zones posteriorly); Class B (one to three support
zones posteriorly or the presence of occlusal con-
tacts anteriorly); and Class C (no occlusal contact
on the remaining teeth). Classes A, B, and C are fur-
ther divided into subgroups according to the num-
ber of teeth lost and occlusal supporting zones;"”

3. Prosthodontic features: Use or need for a dental
prosthesis, recording the type, extension, and arch;

4. Periodontal measures: Probing depth (PD), clinical
attachment level (CAL), bleeding on probing;

5. Periodontal diagnosis: Patients were classified as
healthy or with gingivitis®” or periodontitis,?' based
on a classification of periodontal diseases and
conditions.”? Gingival health was defined as < 10%
bleeding sites with PD < 3 mm. Gingivitis was
defined as > 10% bleeding sites with PD < 3 mm,
and periodontitis was defined as a detectable inter-
dental CAL at > 2 nonadjacent teeth, or buccal
or oral CAL > 3 mm with pocketing > 3 mm at
> 2 teeth when not ascribed to non-periodontitis-
related causes.

The oral examinations assessing oral health-related vari-
ables were performed within the first week after hos-
pital admission for 63.3% and 84.7% within the first
2 weeks after hospital admission. Two dentists (CAC and
NLC) performed an intraoral examination, including a

periodontist (CAC) who performed the periodontal prob-
ing, helped by another assistant (ACSV), under external
illumination in the patient care setting. The periodontal
assessment was performed at six sites per tooth in all teeth.
Inter- and intraexaminer reliability was assessed in a pilot
analysis of PD and CAL measurements in 48-hour dupli-
cate assessments of five non-COVID-19 patients with Stage
III generalized periodontitis, and acceptable agreement
was achieved (intraclass correlation > 0.80).

All examinations and data collection in the hospital
environment were conducted following the recommended
infection prevention and control (IPC) practices for rou-
tine healthcare delivery during the COVID-19 pandemic
and recommended IPC practices when caring for a patient
with SARS-CoV-2 infection. Patients and nursing teams
were instructed to improve oral hygiene. Then, all patients
discharged from the hospital were invited to receive den-
tal and periodontal treatment at the university dental clin-
ics. Data analysis also considered comorbidities that are
well-known risk factors for increase the risk of severe ill-
ness and mortality due to COVID-19. The included comor-
bidities were (1) diabetes, (2) hypertension, and (3) obesity.
Data were retrieved from medical charts registered at hos-
pital admission based on objective measurements, medi-
cal history, and self-reported data. Obesity was diagnosed
based on the BMI > 30.

The study dependent variables included COVID-19
outcomes assessed at the end of the hospitalization
period or clinical status achieved during hospitalization,
follows:

1. Level of symptoms: the most severe status of symp-
toms during hospitalization, classified as mild,
moderate, severe, or critical, according to the
WHO: 224

2. Hospital admission and discharge criteria: duration
(in days), and admission to an ICU;

3. Hospitalization endpoint: discharge or death;

4. Type of ventilation support: mechanical ventilator
(invasive and noninvasive) or tracheostomy venti-
lator;

5. Clinical manifestations and symptoms.

2.3 | Data analysis

Data analysis included descriptive statistics and the chi-
square test. The incidence rate ratio (IRR) was calculated to
test the association between COVID-19 outcomes and pre-
dictors (oral-related variables, comorbidities, and age). A
modified Poisson regression approach was used to calcu-
late the IRR estimators (and their 95% confidence intervals
[CIs]). Each predictor was associated with outcomes using



JOU Rl}lAL OF
Ml Periodontology

COSTA ET AL.

a generalized linear model with a log-Poisson regression
model with robust error variances to provide unadjusted
risk estimators.”” Then, the IRRs were adjusted for comor-
bidities, oral health predictors, and patient age. For the
multiple regression estimates, the independent variables
were entered in the model in a forward block-wise fashion
that included comorbidities (diabetes, hypertension, and
obesity) and oral health-related predictor variables (DMFT
index, Eichner index, and periodontitis). The patient’s age
was included as a potential confounder in all multivari-
ate models, and the selection method of predictors were
based on statistical significance (P < 0.05 for entry and
P < 0.20 for removal). The significance level for statistical
inferences was set at 0.05, and the Stata 13.0 software was
used for data analysis.

3 | RESULTS

During the 8-month recruitment and data collection
period, there were 43 research team visits to the hospital
settings. A total of 394 currently hospitalized patients at the
time of the visits were eligible to participate in the study.
However, 95 patients were not available for the dental exam
before the hospitalization endpoint and were excluded.
The remaining 299 were assessed for eligibility, and 171
were excluded due to missing information about the spe-
cific date of the qRT-PCR exam (n = 79), missing data on
the COVID-19 outcomes (n = 50), refusal to participate
(n = 16), or impossibility of performing oral examinations
(n = 26). Finally, 128 patients were assessed with complete
baseline data and follow-up data and included in the anal-
ysis (see Supporting Information Flowchart in online Jour-
nal of Periodontology).

The main features of the participants are detailed in
Table 1. Age ranged from 20 to 97 years (mean = 58.7;
SD = 17.6), 53.1% were male, and most were from the
lower socioeconomic stratum. There was a high prevalence
of comorbidities, deleterious habits, and diseases. Table 2
shows the frequency of symptoms and hospitalization fea-
tures regarding the overall duration of hospital stay, ICU
admission, and time of the stay. A variety of symptoms
were observed, and all patients had one or more concomi-
tant symptoms. The symptomatic status ranged from mild
to moderate in 73 patients (57.0%) and severe-critical in
55 patients (43.0%). Thirty-one patients (24.2%) died after
a hospitalization time ranging from 1 to 61 days. Seventy-
eight (60.9%) patients were discharged due to remission
of symptoms and COVID-19 infection after hospitaliza-
tion ranging from 2 to 49 days (mean = 13.2; SD = 11.0).
Sixteen patients (12.5%) were discharged to another care
facility, and 3 (2.3%) were self-discharged from the
hospital.

Dental and periodontal conditions are presented in
Table 3. Overall characteristics showed a high prevalence
of deleterious oral conditions. Near 22% were edentulous,
median DMFT index was 18, 50.8% used some type of pros-
thesis, 56.8% were classified as Eichner index classes B and
C, and 47.9% of dentate or partially dentate participants
had periodontitis.

Table 4 shows that patients with periodontitis had
higher rates of ICU admission (P = 0.008), and severe-
critical symptoms (P < 0.001). Poorer outcomes were also
observed for patients with higher DMFT indexes and fewer
occlusal pairs (P < 0.05). Periodontitis was also associ-
ated with higher rates of need for invasive ventilation
(P = 0.008). Patients with hypertension had higher ICU
admission rates, critical symptoms, and deaths (P < 0.05).
No associations were found between poorer COVID-19 out-
comes and diabetes, cardiovascular disease, or obesity.

Regression analysis revealed no association between
male sex and the risk of adverse outcomes, including ICU
admission (IRR =1.29; 95%CI = 0.93 - 1.80; P = 0.132), crit-
ical symptoms (IRR = 1.27; 95%CI = 0.71 - 2.27; P = 0.422),
and death (IRR = 0.94; 95%CI = 0.51 - 1.74; P = 0.847).
No significant effect of other socioeconomic variables was
found.

Regression models in Table 5 reveal that increased
age was independently and positively associated with
poorer outcomes, including ICU admission, the critical
level of symptoms (P < 0.001), and death (P < 0.001),
when adjusted for other covariates in the models. Over-
all, patients with hypertension, periodontitis, and Eich-
ner index, were at higher risk for poorer outcomes. When
the predictors were adjusted for age and hypertension
as confounders, periodontitis was significantly associated
with ICU admission (IRR = 1.44; 95%CI = 1.07 - 1.95;
P =0.017), the incidence of critical symptoms (IRR = 2.56;
95%CI = 1.44 - 4.55; P = 0.001), and risk of death
(IRR = 2.05;95%CI = 1.12 - 3.76; P = 0.020). Eichner index
(classes B and C) was positively associated with ICU admis-
sion risk, probably as a confounder of patient age. When
the Eichner index was removed from Model 3 (including
periodontitis as a predictor), admission to the ICU was pos-
itively associated with age (IRR =1.02; 95%CI = 1.01 - 1.03;
P < 0.001).

Then, patients were categorized as presenting with peri-
odontitis and concurrent comorbidity, and those groups
were tested for the occurrence of negative COVID-19 out-
comes (Figure 1). The combined presence of periodontitis
and hypertension were associated with a higher risk for
severe-critical symptoms (71.4%; P = 0.004), ICU admis-
sion (81.0%; P = 0.005), and death (47.6%; P = 0.006). No
greater risks for negative outcomes were observed when
the patient presented with periodontitis and concurrent
obesity/diabetes.
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TABLE 1 Baseline data of hospitalized patients with COVID-19 (n = 128)
Variables Categories n (%)
Sociodemographic Sex Male 68 (53.1)
Female 60 (46.9)
Age-mean (SD) = 58.7 (17.6) <30 years 9(7.2)
(3 missing data) >30 to 50 years 28 (21.9)
>50 to 65 years 41 (32.8)
> 65 years 47 (37.6)
Race’ (17 missing data) White 22 (19.8)
Brown 81(73.0)
Yellow 6(5.4)
Black 2(1.8)
Educational level (36 missing data) Higher education 18 (18.8)
High school 34 (35.4)
Elementary and middle school 40 (41.7)
Monthly family income* (44 > 5BMW 9(10.7)
missing data) >3 and < 5 BMW 23(27.4)
<3BMW 52 (61.9)
Hospital University hospital 76 (59.4)
COVID-19 state-run hospital 52 (40.6)
General health conditions Hypertension 65 (50.8)
Obesity 52 (40.6)
Diabetes 39 (30.5)
COPD 22(17.2)
Asthma 7 (5.5)
Alcohol intake (current and former) 53 (41.4)
Smoking (current and former) 50 (39.1)
Pregnancy (60 women) 16 (26.7)
Cardiovascular diseases 34 (26.6)
Liver diseases 15 (11.7)
Cancer 12 (9.4)
Osteoporosis 10 (7.8)
Thyroid disease 10 (7.8)
Arthritis 7(5.5)
HIV or other STD 7 (5.5)
Date of the oral examination < 7days 81(63.3)
after hospital admission 7-14 days 27 (21.1)
> 15 days 20 (15.6)

Abbreviations: COPD, chronic obstructive pulmonary disease, HIV, human immunodeficiency virus, STD, sexually transmitted diseases.

*In Brazilian minimum wage (BMW).

fRace was self-reported by study participants, and race categories (Black, White, Yellow, and Brown) were based on the medical records data, which were used as
a reference for the racial categorization based on the 2008 Survey of Ethnic-Racial Characteristics of the Population by the Brazilian Institute of Geography and
Statistics IBGE): https://www.ibge.gov.br/estatisticas/sociais/populacao/9372-caracteristicas-etnico-raciais-da- populacao.html?=&t=resultados.

4 | DISCUSSION

This clinical study reported outcomes of COVID-19 in hos-
pitalized patients and explored the association between
patient outcomes and oral health conditions. Our find-
ings suggest that poor dental and periodontal status are
associated with aggravated COVID-19 and a higher risk

for severe-critical symptoms, ICU admission, and death.
Nevertheless, such relevant oral health-related variables,
especially the presence of periodontitis, must be consid-
ered in the context of a patient’s age and comorbidities,
as a relevant confounding variable assessed in this study
and may influence both the occurrence of poorer COVID-
19 outcomes and poorer oral health conditions. Even after
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TABLE 2

COVID-19 patients (n = 128)

Variables

COVID-19 related
symptoms

Admission and referral
to ICU - n (%)

Length of stay in ICU (in
days)

Length of stay in
hospital (in days)

Need for invasive
ventilation in ICU

Need for tracheostomy
in ICU (n = 44)

Level of symptoms - n

(%)

* Mean =+ standard deviation.

COSTA ET AL.
Symptoms, hospitalization features, and outcomes of TABLE 2 (Continued)
Variables Categories n (%)
Categories n (%) Hospital endpoint - n Discharge 78 (60.9)
Cough 91 (71.1) (%)
Death 31(24.2)
Fatigue 87 (68.0) Discharge to another 16 (12.5)
Dyspnea 87 (68.0) care facility
Hyperoxia 76 (59.4) Self-discharge 3(2.3)
Shortness of breath or 76 (59.4) Mortality rates — n (%) Admission to ICU 31(44.9)
difficulty breathing (n=69)
Fever 67 (52.3) Severe-critical 30 (54.5)
Headache 57 (44.5) symptoms (n = 55)
Dry mouth 54 (42.2) Critical symptoms 29 (67.4)
Congestion or runny 54 (42.2) (n=43)
nose Abbreviations: ICU, intensive care unit.
Anosmia 52 (40.6)
Diarrhea 47 (36.7)
Sore throat 41(32.0) TABLE 3 Frequency of dental and periodontal conditions of
Muscle pain 41(32.0) hospitalized COVID-19 patients (1 = 119)
Nausea 39(305) Variables Categories n (%)
Burning eyes 36 (28.1) DMFT index (four <6 11 (8.9)
Ageusia 35(27.3) missing data)
Vomiting 34 (26.6) 7-14 37(29.8)
Metallic taste 28 (21.9) 15-21 25(20.2)
Dysgeusia 20 (15.6) >22 51(41.1)
Hypogeusia 19 (14.8) Number of teeth* Present 15.8 +11.3
Mumps 10(7.8) Missing 12.7 +10.9
Conjunctivitis 5(3.9) Filled 42+41
Skin rashes 3(2.3) Decayed 13+21
Yes 69 (53.9) Eichner index (three A (A1+A2+A3) 54 (43.2)
missing data)
No 59 (46.1) B (B1+B2+B3+B4) 21 (16.8)
Mean + SD 16.3 £13.9 C (C1+C2+C3) 50 (40.0)
Fully edentulous - 28 (21.9)
Median (IQR) 12.(20) Use of prostheses No 61(49.2)
Mean + SD 15.5 +12.0 (four missing data)
Yes - maxillary 26 (21.0)
Median (IQR) 19(15) Yes — mandibular 5(4.0)
- 45(35.2) Yes - both 32(25.8)
Periodontal status Healthy 8(8.3)
= 15 (11.7) (n = 96)
Gingivitis 42(43.8)
Critical 43 (33.6) . .
Periodontitis 46 (47.9)
Severe 12(9.4) Hi(giil;tsktl F():lozigg) <3 mm 43(448)
Moderate 63 (49.2)
Mild 10(78) >4and <6 34 (35.4)
>7mm 19 (19.8)
(Continues)
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adjusting for age and hypertension, periodontitis was an
important predictor for all severe outcomes of COVID-19.
A hypothesis for the potential contributory role of peri-
odontitis to aggravate the severity of COVID-19 was pro-
posed by Lloyd-Jones et al. (2021), assuming an oral-
vascular-pulmonary route of SARS-CoV-2 infection.* The
authors suggested that the intraoral SARS-CoV-2 can
translocate the virus from saliva to the gingival sul-
cus/periodontal pocket, evading the oral mucosal immune
response and promoting the subsequent, direct vascular
delivery to the pulmonary vessels.'* Disease aggravation
may be related to inducing the expression of angiotensin-
converting enzyme 2, a receptor for SARS-CoV-2, and
the consequent production of inflammatory cytokines
in the lower respiratory tract and primary pulmonary
vasculopathy.'#?%?7 It was also suggested that the systemic
inflammatory breakdown observed in severe COVID-19
patients and severe periodontitis could aggravate SARS-
CoV-2 infection.>*?%?® Therefore, our findings reinforce
the findings of Marouf et al. (2021),'° Gupta et al. (2022),"
and Anand et al. (2021),” and provide clinical informa-
tion concerning the concurrent periodontal status in hos-
pitalized patients, eliminating the likelihood of misdiag-
nosis of periodontitis in previously treated patients with
a healthy reduced periodontium and offering robust evi-
dence of the association of periodontitis and COVID-19,
even after adjustment for significant comorbidities.
Nevertheless, our findings may not be regarded as direct
etiological evidence. First, because dental and periodon-
tal diseases, as well as partial and total edentulism, are
more prevalent in socially and economically disadvan-
taged populations,’”* which may be more likely to be
infected by the SARS-CoV-2 virus due to higher expo-
sure to the virus spread in the familiar, social, and work
environments and are less likely to adopt appropriate pre-
ventive measures and to receive proper and timely med-
ical care.?! Second, there is sound evidence that the inci-
dences of caries, periodontitis, and tooth loss increase
with age®>** and are also highly prevalent in participants
with severe comorbidities and deteriorated general health
conditions.>**> Since the risk for aggravated symptoms
and mortality rates are higher in COVID-19 patients with
advanced age®® and participants with risk factors such
as obesity,37 these confounders should be considered in
regression models. It is interesting that, in the present
study, while the caries index lost significance when adjust-
ing for the other covariates, the magnitude of the asso-
ciation between periodontitis and COVID-19 outcomes
increased when the effect of hypertension was adjusted.
This highlights that the importance of the relationship
between oral health and COVID-19 be considered within
the context of a common risk factor approach, as the key

determinants of health to address risk factors that are com-
mon to many chronic conditions within the context of
the broader socio-environmental background for health
promotion.®

We found a significant independent association between
hypertension and negative COVID-19 outcomes in the
bivariate regression models. However, well-known risk
factors associated with COVID-19 outcomes, such as dia-
betes, obesity, and cardiovascular diseases, were not found
to be significant risk factors, and some possible explana-
tions may be considered. First, the diagnoses of the comor-
bidities included in this study were primarily based on self-
reported information obtained within the stressful context
of the pandemic patient care and were not objectively mea-
sured by specific exams or previous medical reports. There-
fore, there are concerns about the reliability of data related
to comorbidities because the prevalence of obesity and dia-
betes based on self-reporting was not identical to objective
measurements.>”*' Second, our study may have a sam-
pling bias because hospitalized COVID-19 patients repre-
sent only a small fraction of all participants infected by
SARS-CoV-2. Considering that the overall prevalence of
diabetes and obesity may be higher in patients who develop
severe symptoms that require hospitalization, the risk esti-
mates for hospitalized patients may differ from population-
based risk estimates and would affect the estimation of the
actual role of such comorbidities in this study. For example,
the last National Health Survey in Brazil estimated preva-
lence of diabetes and cardiovascular disease of 7.7% and
5.3%, respectively,*” while higher prevalence of comorbidi-
ties (30.5% for diabetes, 26.6% for cardiovascular disease,
and 40.6% for obesity) were found in our study sample.
Finally, most of the initial studies on risk factors for poor
COVID-19 outcomes focused on systemic diseases and did
not include oral diseases or conditions as potentially detri-
mental factors in infected patients.**** Therefore, it is
plausible to consider that the potential role of periodontitis
may have been overlooked in previous studies, and there
is substantial evidence to suggest the impact of poor oral
conditions on aggravated symptoms and death in COVID-
19,7!! especially considering the well-documented impact
of periodontitis on the incidence of chronic diseases.*’

Because periodontal disease and the DMFT index are
closely related to tooth loss, the Eichner index was used
in our study to assess the extent of teeth loss and lack
of occlusal support. The findings suggested that advanced
tooth loss patterns may be associated with poorer COVID-
19 outcomes. This positive association may be similar
to other major chronic diseases and conditions such
as stroke,*® indirectly influenced by common risk fac-
tors such as advanced age® and increased likelihood of
poor nutrition and modified eating behaviors.*” Local
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TABLE 4 Relationship between oral health-related conditions, comorbidities, and COVID-19 outcomes
ICU admission Death Level of symptoms*
Yes No Yes No Mild Moderate Severe Critical
Oral health-related

conditions

DMFT (n = 124) Lower50% 26 (40.6) 38(59.4) 9 (14.1) 55(85.9) 8(12.5) 35(54.7)  6(9.4) 15 (23.4)
Higher 50% 40 (66.7) 20(33.3) 19(3L7) 41(683) 1(1.7) 28(46.7)  6(10.0)  25(41.7)
P-value 0.004 0.019 0.008

Eichner index A 18 (33.3) 36(66.7) 7(13.0) 47(87.0) 8(14.8) 30(55.6)  6(1L1) 10 (18.5)
B 14 (66.7) 7(333)  4(19.0) 17(81.0) © 12 (57.1) 0 9 (42.9)
C 35(70.0) 15(30.0) 18(36.0) 32(64.0) 1(2.0) 21(420) 6(12.0) 22(44.0)
P-value <0.001 0.019 0.001

Periodontal status Healthy 1(12.5) 7(87.5) 0 8 (100) 2(25.0) 6(75.0) 0 0
Gingivitis 18 (42.9) 24(571)  6(14.3) 36(85.7) 5(1L9) 23(54.8) 8(19.0)  6(14.3)
Periodontitis 30 (65.2) 16(34.8) 14(30.4) 32(69.6) 1(22) 19(413)  2(4.3) 24(52.2)
P-value 0.008 0.056 <0.001

Comorbidities

Diabetes (n =128)  Yes 19 (48.7) 20(51.3) 10 (25.6) 29(74.4) 4(103) 16(41.0) 6(154) 13(33.3)
No 50 (56.2) 39(43.8) 21(23.6) 68(76.4) 6(6.7) 47(52.8)  6(6.7) 30 (33.7)
P-value 0.436 0.804 0.824

Hypertension Yes 42 (64.6) 23(35.4) 23(35.4) 42(64.6) 1(L5) 30(462) 5(7.7) 29 (44.6)
No 27 (42.9) 36(57.1)  8(12.7) 55(87.3) 9(14.3) 33(524)  7(1.1) 14 (22.2)
P-value 0.014 0.003 0.003

Cardiovascular Yes 17 (50.0) 17(50.0)  9(26.5) 25(735) 2(59) 17(50.0)  3(8.8) 12 (35.3)

disease (n = 128) No 52(55.3) 42 (44.7) 22 (23.4) 72(76.6) 8(8.5) 46(48.9)  9(9.6) 31(33.0)
P-value 0.594 0.721 0.751

Obesity (n = 121) Yes 28 (53.8) 24(46.2) 13(25.0) 39(75.0) 2(3.8) 26(50.0) 4(7.7) 20 (38.5)
No 34(49.3) 35(50.7) 13 (18.8) 56(81.2) 8(16.6) 35(50.7) 7(10.1)  19(27.5)
P-value 0.619 0.414 0.148

Note: Data are expressed as absolute frequency (%), and statistical significance is highlighted in bold.

*Chi-squared for trend.

factors associated with tooth loss also predispose indi-
viduals to robust inflammatory and immune responses,
especially when the primary cause of tooth loss is peri-
odontal disease.*®

Findings from this study emphasize the potential rela-
tionship between oral health and the pathophysiology of
COVID-19 and reinforce the role of the dentist and the
dental team in the management of COVID-19 patients and
in confronting the pandemic. Our findings suggest that
the dentist may play a role in identifying and educating
individuals who are more susceptible to severe COVID-
19 outcomes based on their oral health status, alerting
patients about their potential risks and the influence of oral
diseases on general health. Furthermore, community oral
health strategies should be encouraged to disseminate the
importance of the daily oral hygiene measures, oral health-
care, and management of oral diseases, especially for older
and vulnerable participants, to reduce the colonization of

viruses and bacteria in the mouth, and consequently, the
risk of related respiratory tract diseases.*’

This study has clear limitations related to data collec-
tion. The restricted access to the COVID-19 areas in the
hospital environment and the inherent risk of contami-
nation were major factors hampering patient recruitment
and examination. The missing data were mainly due to the
difficulty of performing oral examinations and interviews
of frail patients or those with severe illness receiving inten-
sive medical care in the ICU setting and incomplete per-
sonal and medical data from the patients’ records. Another
limitation was the time that the oral examination occurred
during hospitalization. The oral examinations should be
performed preferably within the first 2 weeks after hospi-
tal admission. However, this period may vary depending on
the patient’s medical condition and availability according
to the dental team’s schedule. Therefore, to minimize the
influence of the current disease state and hospitalization
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Effects of the combined occurrence of hypertension and periodontitis. Higher incidence rates of severe-critical symptoms

(top panel), intensive care unit admission (middle panel), and death (bottom panel) were observed for patients with hypertension and

periodontitis (chi-squared test, P < 0.01)

on the development of gingival inflammation, when oral
hygiene measures are often neglected, the diagnosis of the
periodontal status was dichotomized as healthy/gingivitis
or periodontitis. Patients were diagnosed with periodonti-
tis only when the detectable CAL was > 2, assuming that
the progression of periodontal disease and associated clin-
ical attachment loss may not develop during the hospital-
ization period.”

Concerning the sampling methods and data analysis, the
nonrandomized selection of participants may be subjected
to bias because some patients with mild and moderate
symptoms did not remain hospitalized for more extended
periods sufficient to be assessed in the scheduled visits by
the research team. Therefore, the magnitude of the associ-

ations in this study may be underestimated. Moreover, the
relatively small sample size may lead to inaccuracy of the
risk estimates; further studies with larger samples size are
needed to support the findings of this preliminary obser-
vational study. Interventional studies may also be helpful
to assess the effect of the control of deleterious oral condi-
tions on the risk of severe COVID-19 outcomes.

5 | CONCLUSION

Within the limitations of this study, we observed a high
prevalence of deleterious oral conditions in hospitalized
COVID-19 patients. Among the deleterious oral conditions
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assessed, periodontitis was associated with a higher occur-
rence of critical COVID-19 symptoms and the need for
intensive medical care and death, even when adjusted for
age and presence of comorbidities.

Further studies with larger sample sizes and more
robust designs are required to confirm the role of oral
health-related conditions as contributory risk factors for
the aggravation of the disease. Nevertheless, our findings
suggest that regular dental/periodontal check-ups, preven-
tive and treatment measures, and effective self-oral care
appear to positively affect the prevention and minimiza-
tion of systemic complications in hospitalized patients and
should be encouraged within the COVID-19 pandemic con-
text.
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