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KEY FINDINGS
Roughly 14% of Medicaid patients on mechanical ventilation had a ventilatorassociated pneumonia (VAP) diagnosis.
Preventive dental visits decreased the likelihood
of acquiring VAP.
At least one preventive dental visit within three
years reduced the likelihood of a VAP diagnosis
by 22%.
Black patients are more likely than white
patients to be diagnosed with VAP.
Patients with one or more comorbidities are at
significantly greater risk for VAP.
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The COVID-19 pandemic made headlines in March 2020 in part because
more patients than ever were relying on mechanical ventilation1 to survive and
hospitals struggled with resource capacity. These ventilated patients already
have depressed immune systems, making them more prone to secondary
infections, including those caused by bacteria that grow in the oral cavity and
actively travel to the lungs.2 These patients are highly susceptible to ventilatorassociated pneumonia (VAP), compounding the risk of adverse outcomes,
including death.3

WHAT IS VENTILATOR-ASSOCIATED PNEUMONIA (VAP)?
VAP is the second most common hospitalacquired infection (HAI) and the leading cause
of HAI deaths among critically ill patients.4 VAP
is likely to occur in 10-20% of patients who are
mechanically ventilated for 48 hours or more.5
Both serious and deadly, VAP commonly occurs
when a patient is connected to mechanical
ventilation and bacteria travel from the oral
cavity or breathing equipment into the lungs.6
The airway tube disrupts natural defenses that
help maintain a healthy oral microbiome, which
refers to a healthy balance of organisms within
the mouth and throat that protect against
disease. This disruption creates an environment
ripe for pathogens and thus increases risk of
superinfections like VAP, particularly among
already critically ill patients.
We conducted an analysis to understand the
relationship between oral health and VAP, and
the results indicate that improving oral health
care and addressing existing disparities can help
mitigate the number and frequency of VAP cases.
This study included 9,279 Medicaid patients who
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Fig. 1: How oral bacteria enter the lungs

relied on mechanical ventilation for 48 hours or
longer. Within this cohort, 14% (1,284 patients)
were diagnosed with VAP.
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HOW ARE ORAL HEALTH AND VAP RELATED?
diagnosis decreased by 5%, after controlling for
confounding factors including age, race, sex and
comorbidities. Additionally, in a separate model
using a dual variable for preventive dental visits,
we found that those patients who had at least
one preventive dental visit within the previous
three years were 22% less likely to be diagnosed
with VAP.

Given that VAP commonly stems from bacteria
that travel from the mouth to the lungs, we
examined VAP incidence data and past routine
preventive dental visit data. We found that for
each additional routine dental visit the patient

Patients who had at least one
preventive dental visit within
the previous three years were
22% less likely to be diagnosed
with VAP

These findings reveal the importance of
ongoing preventive oral care because neglected
or ineffective oral care negatively impacts a
patient’s oral microbiome, making these patients
more susceptible to bacteria-related hospital
infections. The tooth surface, when not cleaned,
may harbor pathogenic organisms. Routine
dental visits prevent bacteria and plaque
accumulation, so fewer pathogens exist in the
mouth.7

had within the previous three years of being put
on a ventilator, the predicted probability of VAP

Predicted probability of VAP diagnosis by
number of preventive dental visits
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Fig. 2: Adjusted predicted probability of VAP diagnosis by number of preventive dental visits

(We categorized number of preventive dental visits as none vs. at least one and ran a separate multivariable regression model)
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Other studies share similar findings and point to
how oral care delivered within the hospital can
also positively impact outcomes. Some research,
for instance, suggests interrupting the process
of pathogen growth with daily oral care while
ventilated significantly decreases time spent
on the ventilator and may also reduce VAP risk
and ICU length of stay.8, 9, 10, 11 Another study
suggests promoting and maintaining oral health
along with comprehensive inpatient oral care for
mechanically ventilated patients can reduce the
incidence of VAP. 12
Given the demonstrated relationship between

preventive dental care and VAP risk, as well
as support from other literature, entering the

Entering the hospital with a
healthy mouth could lead to
improved outcomes
hospital with a healthy mouth could lead to
improved outcomes for patients reliant on
ventilation.

HEALTH EQUITY AND DISPARITIES
Mechanical ventilation is a common supportive
treatment6 response to COVID-19, a virus that
limits immune strength to fight superinfections or
HAIs. With reduced immunity, COVID-19 patients
that acquire VAP are likely to see a decline in
their clinical condition.13

play a role: patients with 1 comorbidity were 73%
more likely to have a VAP diagnosis compared
to those with none, while patients with 2 or more
were 98% more likely than those with none.

Among those patients on mechanical ventilators
for 48 hours or longer, we found Black people
were 39% more likely than white people to be
diagnosed with VAP. And males were 20% more
likely to be diagnosed than females.

Studies have shown that coronavirus
disproportionately impacts people of color
and low-income communities and, specifically,
counties with higher proportions of Black
people.14 In fact, those counties account for 52%
of COVID-19 diagnoses and 58% of COVID-19
deaths nationally.14

In addition, the data shows comorbidities

Related, low-income communities and those

Among those patients on mechanical ventilators for 48 hours or longer...
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that are predominantly Black are associated with
higher rates of chronic disease comorbidities14
and poor oral health — both of which are risk
factors for COVID-19 and VAP. Other DentaQuest
Partnership data shows Black adults are 22% less
likely to have had a routine dental visit in the past
year and 68% more likely to have unmet dental
needs, compared to their white counterparts.15

Together, the data demonstrates compounding
disparities, meaning these communities not
only are more likely to become infected with
coronavirus, but also are more likely to acquire
VAP from poor oral health if treatment includes
mechanical ventilation, which is common among
COVID-19 patients.

IMPLICATIONS: COVID-19, ORAL HEALTH AND THE OVERALL
HEALTH SYSTEM
During a pandemic such as COVID-19, long
hospital lengths of stay incur a substantial
health care burden because of a greater need
for ventilators, personal protective equipment
such as N95 masks, and more ICU beds. Several
studies also show VAP adds roughly $40K and
seven days to a single hospital stay.16 Thus,
reducing the incidence of VAP is a critical step
to ensuring enough available resources to care
for critically ill patients, as well as the chance to
improve outcomes among critically ill patients,
given VAP remains a leading cause of hospital
deaths among this group.4
The relationship between both incidence and risk
factors for VAP, COVID-19 and oral disease are
significant. As noted, disparities are particularly
stark among Black communities. Given oral
health is a common factor across these
conditions, efforts to mitigate the trends should
also share a common focus on oral health —
both in and out of the hospital.17 These findings
underscore the need to address social conditions,
structural racism, access to care, oral health
education and other factors not only to improve
oral health outcomes but also to reduce the
risk for COVID-19, VAP and even death in Black
communities.

If we can increase the number
of people getting preventive
oral care, particularly within
the highest risk communities,
we can significantly reduce the
incidence of oral disease and
thus the burden on our health
care system and patients’ lives
— regardless of coronavirus or
any future pandemic
Of course, there remains a need for additional
research to establish any causal relationship
between poor oral health and VAP. Medical and
dental professionals also need to collaborate on
standard in-hospital oral hygiene protocols for all
patients, particularly those expected to require
mechanical ventilation. Additional needs include
standard dental evaluation and measures for
accurate tracking.
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Specifically, this evidence makes the case that
the best way to prevent VAP is three-fold. First,
promote effective oral health care and behaviors
in the community; next, be attuned to historic
disparities and thus heighten effective oral
care for patients in anticipation of VAP; and
third, effectively and fully implement oral care
management protocols for all ventilated patients.
More generally, however, the findings reinforce
the connection between oral health and overall

health and underscore the breadth of health
issues that ongoing oral health care can protect
against. If we can increase the number of people
getting preventive oral care, particularly within
the highest risk communities, we can significantly
reduce the incidence of oral disease and thus the
burden on our health care system and patients’
lives — regardless of coronavirus or any future
pandemic.

METHODS
The DentaQuest Partnership used the IBM
Watson MarketScan Medicaid Database to
examine inpatient administrative claims data
for Medicaid enrollees. Data was obtained for
all patients admitted to an ICU in 2016/2018
and received invasive mechanical ventilation
for ≥48 hours. Within this cohort, cases of VAP
were defined as patients with International
Classification of Diseases, 10th Revision, Clinical
Modification (ICD-10-CM) diagnosis code
J95.851 or patients with bacterial pneumonia
diagnoses occurring ≥48 hours following
intubation.,18, 19 Further, using dental claims data
and Current Dental Terminology (CDT) codes,
we identified patients who had any dental
examination, prophylaxis or preventive visits
within the three years prior to hospitalization.

Individual comorbidities were identified to
create the Elixhauser comorbidity index based
on ICD-10-CM diagnosis codes.20 The primary
independent variable was the number of dental
examinations or preventive visits as a continuous
variable. Other covariates include age in years
as a continuous variable; sex coded as male vs.
female; race categorized as white, Black, Hispanic
and other; and Elixhauser comorbidity score
categorized as zero, one, and two or more. We
used multivariable logistic regression models
to examine factors associated with incidence of
VAP among patients who received mechanical
ventilation for at least 48 hours.

6

REFERENCES
1.

Dries DJ, Marini JJ. Mechanical Ventilation. In: Ronco C, Bellomo R, Kellum JA, Ricci Z, eds. Critical Care Nephrology. 3rd ed. London:
Elsevier; Inc.; 2019: 10-21.e2. ISBN 9780323449427. http://www.sciencedirect.com/science/article/pii/ B9780323449427000030.

2.

Richards, MJ, Edwards JR, Culver DH, Gaynes RP, et al. Nosocomial infections in medical intensive care units in the United States. Crit
Care Med. 1999;27:887-892.

3.

Dudoignon E, Caméléna F, Deniau B, et al.. Bacterial pneumonia in COVID-19 critically ill patients: a case series. Clin Infect Dis. ciaa762.
https://doi.org/10.1093/cid/ciaa762.

4.

Torres A, Niederman MS, Chastre J, et al. International ERS/ESICM/ESCMID/ALAT guidelines for the management of hospitalacquired
pneumonia and ventilator-associated pneumonia: Guidelines for the management of hospital-acquired pneumonia (HAP)/ ventilatorassociated pneumonia (VAP) of the European Respiratory Society (ERS), European Society of Intensive Care Medicine (ESICM),
European Society of Clinical Microbiology and Infectious Diseases (ESCMID) and Asociación Latinoamericana del Tórax (ALAT). Eur
Respir J. 2017;50(3):1700582. DOI:10.1183/13993003.00582-2017.

5.

Safdar N, Dezfulian C, Collard HR, et al. Clinical and economic consequences of ventilator-associated pneumonia: A systematic review.
Crit Care Med. 2005;33:2184-2193

6.

Póvoa H, Chianca GC, Iorio N. COVID-19: An alert to ventilator-associated bacterial pneumonia. Infect Dis Ther. 2020;9(3):417-420.
https://doi.org/10.1007/s40121-020-00306-5

7.

Marsh PD, Devine DA. How is the development of dental biofilms influenced by the host? J Clin Periodontol. 2011;38 (Suppl. 11):2835.

8.

de Lacerda Vidal CF, de Lacerda Vidal AK, de Moura Monteiro Jr. JG, et al. Impact of oral hygiene involving toothbrushing versus
chlorhexidine in the prevention of ventilator-associated pneumonia: a randomized study. BMC Infect Dis. 2017;17: 112. https://doi.
org/10.1186/s12879-017-2188-0.

9.

Attar MM, Zaghloul MZ, Menoufy HS. Role of periodontitis in hospital-acquired pneumonia. E Med Heal J. 2010;16(5):563-569.

10. Orr CJ, Mitchell M. Prevention of hospital-associated pneumonia using a comprehensive oral hygiene protocol. Sage [Internet]. http://
sageproducts.com/wp-content/uploads/2015/08/21105_Prevention_of_Hospital_Associated_Pneumonia_Using_a_ Comprehensive_Oral_
Hygiene_Protocol_handout.pdf.
11. Paju S, Scannapieco FA. Oral biofilms, periodontitis, and pulmonary infections. Oral Dis. 2007;13:508-512.
12. Scannapieco FA, Bush RB, Paju S. Associations between periodontal disease and risk for nosocomial bacterial pneumonia and chronic
obstructive pulmonary disease. A systematic review. Ann Periodontol. 2003;8:54-69.
13. Cunha BA, Brusch JL. Hospital-Acquired Pneumonia (Nosocomial Pneumonia) and Ventilator-Associated Pneumonia. Medscape: Drugs
and diseases. https://emedicine.medscape.com/article/234753-overview. Updated June 20, 2020. Accessed September 16, 2020.
14. Millett GA, Jones AT, Benkeser D, et al. Assessing differential impacts of COVID-19 on black communities. Ann Epidemiol, 2020;47:37-44.
ISSN 1047-2797. https://doi.org/10.1016/j.annepidem.2020.05.003.
15. DentaQuest Partnership for Oral Health Advancement. New Oral Health Data Reflect Inequities, Barriers. Boston, MA; May 2020.
DOI:10.35565/DQP.2020.4001.
16. Zimlichman E, Henderson D, Tamir O, et al. Health care-associated infections: a meta-analysis of costs and financial impact on the US
health care system. JAMA Intern Med. 2013;173(22):2039-2046. DOI:10.1001/jamainternmed.2013.9763
17. Gupta A, Gupta A, Singh TK, Saxsena A. Role of oral care to prevent VAP in mechanically ventilated Intensive Care Unit patients. Saudi J
Anaesth. 2016;10(1):95-97. https://doi.org/10.4103/1658-354X.169484
18. Rello J, Ollendorf DA, Oster G, et al. Epidemiology and outcomes of ventilator-associated pneumonia in a large US database. Chest.
2002;122(6):2115-2121. DOI:10.1378/chest.122.6.2115
19. Resende MM, Monteiro SG, Callegari B, Figueiredo PM, Monteiro CR, Monteiro-Neto V. Epidemiology and outcomes of
ventilatorassociated pneumonia in northern Brazil: an analytical descriptive prospective cohort study. BMC Infect Dis, 2013;13:119.
DOI:10.1186/1471-2334-13-119 https://doi.org/10.1186/1471-2334-13-119.
20. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use with administrative data. Med Care. 1998;36(1):8-27.

7

The DentaQuest Partnership for Oral Health
Advancement is a nonprofit organization
working to transform the broken health care
system and enable better health through
oral health. Through strategic grantmaking,
research and care improvement initiatives,
we drive meaningful change at the local,
state and national levels. The DentaQuest
Partnership is affiliated with DentaQuest,
a leading U.S. oral health enterprise with a
mission to improve the oral health of all.

FIND OUT MORE AT
dentaquestpartnership.org

DentaQuest
465 Medford Street
Boston, MA 02129-1454

