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Purpose: To assess the relationship between periodontitis and nosocomial pneumonia in intensive care unit (ICU)
patients.

Materials and Methods: The present study was conducted in accordance with the guidelines of the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement and registered (CRD42018105124)
with PROSPERO (International prospective register for systematic reviews, University of York, York, UK). A search
was conducted in five databases without restrictions regarding language or date of publication. From 560 studies
selected, 10 underwent full-text analysis. Five studies were eligible (five case-control studies), and all were entered
in the meta-analysis. Meta-analysis was performed with tests for sensitivity and statistical heterogeneity. Summary
effect measures were calculated by odds ratio (OR) and 95% confidence interval (Cl).

Results: There was a significant association between periodontitis and nosocomial pneumonia in the meta-analysis
(OR 2.55, 95% CI 1.68 to 3.86). In this meta-analysis, 12 = 0%.

Conclusions: The evidence demonstrates a positive association between periodontitis and nosocomial pneumonia.
Individuals with periodontitis admitted to the ICU were more likely to present nosocomial pneumonia than individu-
als without periodontitis.
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he aetiology of periodontitis, an inflammatory condition
of dental support tissues, is associated with bacteria. It
is characterised by changes in clinical parameters, such as
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probing depth, attachment loss, and bleeding on probing.
Tooth mobility, halitosis, and gingival recession also
occur.18 The inflammatory process initiated in response to
bacteria aggression is the main cause of the destruction of
periodontal structures observed in periodontitis.® Periodon-
titis has been associated with many systemic conditions,
such as diabetes, cardiovascular diseases,” atherosclero-
sis16 and respiratory diseases, e.g. pneumonia.1®

Nosocomial pneumonia is an infection of the lungs usu-
ally caused by bacteria,® which the patient may acquire at
least 48-72 h after admission to the hospital. Nosocomial
pneumonia has been recognised as an important public
health issue worldwide, due to its association with high
rates of morbidity and mortality among hospitalised indi-
viduals. High costs are also incurred for affected individuals
and the healthcare system, as the therapeutic demand and
the length of hospital stay significantly increase.20 Ventila-
tor-associated pneumonia is the most common nosocomial
infection in intensive care units (ICU). Ventilator-associated
pneumonia may take place after mechanical ventilation (en-
dotracheal tube or tracheostomy) is provided. The incidence
varies between 9% and 40%.24
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Fig 1 Flowchart of the systematic

review, describing the search and the
selection of the included articles.
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In individuals under intensive care, oral hygiene may be
an issue. Bacterial colonisation of dental biofilm and peri-
odontal disease may have an important role as reservoirs
of microorganisms that cause nosocomial pneumonia,
since the latter results from aspiration of pathogens from
the oral cavity and oropharynx into the lower respiratory
tract. The dental biofilm of patients admitted to intensive
care units may be colonised by potential respiratory patho-
gens. In this regard, periodontitis may be a contributing fac-
tor for the development of nosocomial pneumonia.8 The
accumulation of oral pathogens changes the environmental
conditions of the mouth, leading to airway infection by new
pathogens.22 The aspiration of small amounts of secretion
from the oral cavity is common in healthy individuals, in
particular during sleep. Among patients with altered levels
of consciousness, however, the amount of aspirated secre-
tion tend to increase.3

The objective of this systematic review and meta-analy-
sis was to evaluate the association between periodontitis
and nosocomial pneumonia among individuals admitted to
the intensive care unit. The present research question was
whether individuals admitted to the ICU with periodontitis
are more likely to develop nosocomial pneumonia than indi-
viduals admitted to the ICU without periodontitis.

The following PECO question was applied: ‘Are individu-
als with periodontitis who are admitted to the ICU more
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likely to develop nosocomial pneumonia than individuals
without periodontitis?’
e P (Patients) = individuals admitted to the ICU
e E (Exposure) = periodontitis
e C (Comparison) = no periodontitis
O (Outcome) = nosocomial pneumonia

MATERIALS AND METHODS

Protocol and Registration

This systematic review and meta-analysis was conducted in
accordance with the guidelines of the Preferring Reporting
ltems for Systematic Reviews and Meta-analyses (PRISMA).19
The protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) under the reg-
istration number CRD42018105124.

Eligibility Criteria

Studies were included which compared individuals with peri-
odontitis and individuals without periodontitis who were ad-
mitted to the ICU regarding the occurrence of nosocomial
pneumonia. Cross-sectional, case-control, or clinical-trial
studies that presented data of interest for the present sys-
tematic review and meta-analysis were eligible for inclusion.
Literature reviews, studies published in meeting abstracts,
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Table 1 Characteristics of the included studies

Diagnostic
Duration of criteria for
Study Sample Age hospitalisation pediodontal Diagnostic criteria for nosocomial
Authors  design (n) (years) (days) disease pneumomia Outcome
Almondes NP: 20 > 40 years > 5 days > 4 teeth with Diagnosis performed by the medical NP: 05
et al Control: NP: 12 (60.0%) NP: 13 (65.0%) 1 > sites with team of the institution’s ICU and based (25.0%)
(2017) 40 Control: 21 Control: 13 PD > 4 mm, on the following criteria: presence of Control: 05
(52.5%) < 40 years  (32.5%) < 5 days CAL > 3 mm recent infiltrate identified in chest (12.5%)
NPa: 8 (40.0%) NP: 7 (35.0%) and BOP at the radiograph associated with fever, p =0.220;
Control: 19 (47.5%)  Control: 27 (67.5%) same site leukocytosis or leukopenia; cough or OR 2.33
p=0.581 p=0.016 purulent sputum; bacterial growth in (0.58
tracheal aspirate culture, present after -9.26)
at least 48 h of hospitalisation.
De Marco Case- NP: 7 NP: NP: Periodontal Not reported NP: 06
et al control Control: 56.28 £ 10.85 years 13.57 = 7.24 days disease index (85.7 %)
(2013) 16 Control: Control: Control: 12
51.62 £+ 14.0years 10.6 + 6.89 days (75.0%)
p <0.46 p <0.39 p=<0.9
Pinheiro et Case- NP: 29 Not reported Not reported Score 3 or 4 of Radiographically presents at least one of NPa: 22
al (2007) control Control: the CPI in at the characteristics of persistent (75.9%)
least one infiltrate, consolidation or cavitation and,  Control: 03
sextant clinically, at least one of these (75.0%)
characteristics: fever, leukocytosis p =1.000
(> 12,000 leukocytes /mm3), leukopenia
(<4000 leukocytes /mm3), or moderate
to severe secretion.
Gomes- Case- NP: 22 < 35 years < 5 days > 4 teeth If, within 48h of initial hospitalisation, NP: 11
Filho etal  control Control: NP: 14 (63.6%) NP: 12 (54.5%) with > 1 sites clinical examination revealed the (50%)
(2009) 81 Control: 44 Control: 60 with presence of a dull sound on percussion Control: 30
(54.3%) >35 years (74.1%) > 5 days PD > 4 mm, or crackling rales or chest radiographic (37%)
NP: 8 (36.4%) NP: 10 (45.5%) CAL = 3 mm evidence of new or progressive p=0.27;
Control: 37 (45.7%)  Control: 21 (25.9%) and BOP at the infiltration, consolidation, cavitation or OR 1.70
p=0.44 p=0.07 same site pleural effusion. In addition, one of the (0.60-4.87)
following was required to make a
diagnosis: appearance of purulent
sputum or changes in the sputum
characteristics that existed at the time
of hospitalisation; microorganisms
(Pseudomonas aeruginosa, Pseudomonas
sp., Klebsiella sp., E. coli, Acinetobacter
baumannii, Staphylococcus aureus,
Streptococcus pneumoniae, Citobacter
freundi, Klebsielle pneumoniae and
Citobacter amalonaticus) isolated from
blood culture, isolated from
bronchoalveolar lavage; and histological
evidence of pneumonia from bronchial
lavage.
Gomes- Case- NP: 85 18 to 42 < 5 days > 4 teeth with 1) Underlying fluid density or dullness on  NP: 56
Filho etal  control Control: NP: 35 (41.18%) NP: 06 (7.1%) 1 > sites with percussion, crackles on clinical (65.9%)
(2014) 230 Control: 132 Control: 118 PD >4 mm, examination of the chest, and one of the  Control: 89
(57.39%) >42 (51.3%) > 5 days CAL = 3 mm following: appearance of purulent (38.7%)
NP: 50 (58.82%) NP: 79 (92.9%) and BOPc sputum or change in existing features of p = 0.00;
Control: 98 (42.61) 112 (48.7%) the sputum at hospital admission; OR 3.06
p=0.01 p =0.00 microorganisms isolated from blood (1.82-5.15)
cultures; microorganism isolated in
bronchoalveolar lavage or lung biopsy; or
histologic evidence of pneumonia; or 2)
chest radiograph shows a new or
progressive infiltration, consolidation,
cavitation, or pleural effusion, together
with any of the signs mentioned above.
NP = nosocomial pneumonia; PD = probing depth; BOP = bleeding on probing; CPI = community periodontal index; CAL = clinical attachment level; OR = odds ratio.

and studies with no data on the periodontal condition of
participants were excluded.

Information Sources

The search was conducted by two of the present authors
(LSJ and RPEL) in April, 2018. The following electronic data-
bases were used: Pubmed, Web of Science, Scopus, Med-
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line Ovid, and Lilacs. Restrictions on study language or date
of publication were not imposed.

Search Strategy

The following search strategy was used in the electronic
databases: ((periodontitis OR periodontal pocket OR adult
periodontitis OR prepubertal periodontitis OR juvenile peri-
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Table 2 Study qualification according to Newcastle-Otawa Scale (NOS)

Almondes Pinheiro Gomes-Filho  Gomes-Filho De Marco
Studies etal (2017) etal (2007) etal (2009) etal (2014) etal (2013)
Study design Case-control Case-control Case-control Case-control Case-control
Selection: 1) Is the case definition adequate? a* a* a* a* ¢
just one star (*) a) yes, with independent validation*
given for each b) yes, record linkage or based on self-reports
question ¢) no description
2) Representativeness of the cases a* a* a* a* a*
a) consecutive or obviously representative
series of cases*
b) potential for selection biases or not stated
3) Selection of controls b b b b b
a) community controls*
b) hospital controls
¢) no description
4) Definition of controls a* a* a* a* a*
a) no history of disease (endpoint)*
b) no description of source
Comparability: 1) Comparability of cases and controls on the *x *x
to 2 stars (*) basis of the design or analysis
given a) study controls for age* *
for each question b) study controls for duration of
hospitalisation*
Exposure: 1) Ascertainment of exposure ax* a* a* a* a*
up to 1 star (*) a) secure record (e.g. surgical records)*
given for each b) structured interview blinded to case/control
question status*
c) interview not blinded to case/control status
d) written self-report or medical record only
e) no description
2) Same method of ascertainment for cases ax* ax ax a* a*
and controls
a) yes*
b) no
3) Nonresponse rate b c b c c
a) same rate for both groups*
b) nonrespondents described
c) rate different and no designation
Maximum number 6 5 7 7 4
of stars

odontitis OR periodontal disease OR chronic periodontitis
OR aggressive periodontitis) AND (pneumonia OR pneumo-
nia nosocomial OR pneumonia, ventilator-associated OR
ventilator-induced lung injury)).

In the case of missing data or when the article had not
been published yet, the authors were contacted to retrieve
additional information or the article in full.

Endnote Web software (Clarivate Analytics; Toronto, Can-
ada) was used to organise the studies.

Selection of Studies

References retrieved through the electronic search were
screened using the eligibility criteria. Two independent au-
thors (LSJ and RPEL) screened the references. Initially, ti-
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tles/abstracts were evaluated. If the title/abstract did not
contain sufficient information, the respective full text was
also evaluated. The studies that fulfilled the eligibility cri-
teria were included in this systematic review and meta-anal-
ysis. Disagreement between the two review authors on
study selection was resolved by means of discussion and
consensus.

Data Extraction Process and Extracted Items

The following data were extracted from each included study:
author name(s) and year of publication, country in which the
study was conducted, sample size, participants’ age, diag-
nostic criteria for periodontitis, diagnostic criteria for noso-
comial pneumonia. and main results.

Oral Health & Preventive Dentistry
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with periodontitis  without periodontitis Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
Almondes etal. 2017 5 10 15 50 2.33[0.59,9.27] —
De Marco et al. 2013 B 18 1 5 2.00[0.18, 22.08]
Gomes-Filho et al. 2009 1 41 1 62 232%  1.70(0.66, 4.29) 1
Gomes-Filho etal. 2014 56 145 29 170 59.4% 3.06[1.82,5.15) ——
Pinheiro et al. 2007 22 25 T ] 1.05[0.09, 11.75]
Total (95% CI) 239 295 100.0%  2.55[1.68, 3.861 R
Total events 100 63
Heterogeneity. Chi*=1.74, df=4 (P=0.78), F= 0% :0.01 031 1:0 100:
Tastforoverall affock Z=:4.40 (P-<.0.0001) without periodontitis  with periodontitis

Fig 2 Meta-analysis of five studies evaluating the association between periodontitis and nosocomial pneumonia.

Methodological Quality of the Studies

The methodological quality of the included studies was eval-
uated by means of the Newcastle-Ottawa scale.2” This
scale has eight items distributed across three categories:
1. selection of the study groups (adequate definition of
cases, representativeness of the cases, selection of con-
trols and definition of controls); 2. comparability between
groups (adjustment for confounders); and 3. evaluation of
the exposure/outcome of interest (ascertainment of expo-
sure, same method of ascertainment for cases and con-
trols, and nonresponse rate). Each item in the ‘selection of
the study groups’ and ‘evaluation of the exposure/outcome
of interest categories could be awarded 1 point. The item
‘comparability between groups’ could be awarded 2 points.
Therefore, the score ranges from O to 9 points. The meth-
odological quality of the included studies was evaluated in-
dependently by two authors (LSJ and RPEL). Disagreements
were resolved by consensus.

Synthesis of Results

The articles with methodological homogeneity were incorpo-
rated into the meta-analysis. Statistical heterogeneity was
evaluated using |2statistics.17

RESULTS

Selection of Studies

A total of 961 records were identified in the 5 electronic
databases, of which 401 were duplicates and were ex-
cluded. Among the 560 studies retrieved in the electronic
search, 10 studies?2:4.6,10,11,12,14,15,22,26 were selected for
full-text assessment. After the evaluation of the full texts, 5
studies?2:10,14,15,22 were included in this systematic review
and meta-analysis (Fig 1).

Characteristics of the Studies

The main characteristics of the included studies are dis-
played in Table 1. Four studies2:10.14.15 were published in
English and one22 in Portuguese. The sample of the 5 stud-
ies consisted of a group of individuals with nosocomial
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pneumonia and a control group with individuals without
nosocomial pneumonia. The number of participants in each
study ranged from 23 to 315 individuals. A total of 163 in-
dividuals with nosocomial pneumonia and 371 individuals
without nosocomial pneumonia were evaluated. In the 5
articles,2,10,14,15,22 the diagnostic criteria for periodontitis
were provide, but only four of them2:14.15.22 described the
diagnostic criteria for nosocomial pneumonia for sample
selection.

Results of the Individual Studies

The prevalence of periodontitis ranged from 25.0% to
85.7% in the groups of individuals with nosocomial pneu-
monia and from 12.5% to 75.0% in the groups of individu-
als without nosocomial pneumonia. One studyl4 showed a
significant difference between individuals with nosocomial
pneumonia and individuals without nosocomial pneumonia
in relation to the prevalence of periodontitis.

Of the studies included in this systematic review and
meta-analysis, two studies2:10 presented data on the
plaque index. No difference between individuals with and
without nosocomial pneumonia was observed.

Evaluation of the Methodological Quality of Included
Studies

The evaluation of the methodological quality of the included
studies is shown in Table 2. The studies received between
4 and 7 of the 9 points possible. Two studies14.15 received
7 points, one study? received 6 points, one study22 re-
ceived 5 points, and one studyl© received 4 points. The
main deficiencies identified in the studies were selection of
controls and the lack of information on nonresponse rate.

Synthesis of Results (Meta-analysis of the studies)
Five articles were included in the meta-analysis.2:10.14,15,22
Individuals with periodontitis were 2.55 times more likely to
present nosocomial pneumonia than individuals without
periodontitis (OR = 2.55; Cl = 1.68-3.86). The meta-analy-
sis presented statistical heterogeneity equal to 0%
(12 = 0%). Therefore, the fixed model was used (Fig 2).
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DISCUSSION

Due to the significant prevalence and the burden caused by
nosocomial pneumonia, it is important to identify factors
that may be associated with this disease. This systematic
review and meta-analysis suggests that individuals with
periodontitis were more likely to present nosocomial pneu-
monia than their peers without periodontitis. The associ-
ation between these two diseases is indeed biologically re-
alistic, because the proliferation of bacteria in individuals
with periodontitis may lead to the colonisation of the oro-
pharynx, which, ultimately, favors the direct aspiration of
pathogens and perpetuates the infection by means of in-
flammatory and immunologic intermediary factors.14 In this
sense, periodontitis may contribute to the accumulation of
microorganisms in the lung parenchyma and alteration of
the respiratory tract epithelium, contributing to the develop-
ment of nosocomial pneumonia.2®

Age has been considered a risk factor for nosocomial
pneumonia.® Elderly individuals present alterations in the
mucosa, increasing their susceptibility to oropharyngeal
colonisation and diminishing their ability to defend against
diseases.14 Among the five studies included in this system-
atic review and meta-analysis, one22 did not present data
regarding age. In three studies,2:10.15 individuals with and
without pneumonia were matched with respect to age. How-
ever, in the other study,14 there was a significant difference
between groups regarding age. Individuals with nosocomial
pneumonia were older compared to individuals without nos-
ocomial pneumonia. In addition, the duration of hospitalisa-
tion is another factor that should be considered. Longer
hospital stays decrease salivary secretion and promote
changes in the microbial oral flora in a matter of a few
weeks. These conditions favor the prevalence of Gram-neg-
ative bacteria and, consequently, make pulmonary infec-
tions possible by aspiration of these pathogens.13,23
Among the five studies included in this systematic review
and meta-analysis, one did not present data regarding dur-
ation of hospitalisation.22 In other studies,10.15 individuals
with and without pneumonia were matched with respect to
duration of hospitalisation. However, in some studies,2.14
there was a significant difference between groups regarding
duration of hospitalisation. Individuals with nosocomial
pneumonia are hospitalised longer compared to individuals
without nosocomial pneumonia.

In studies assessing periodontal outcomes, accuracy in
the diagnosis of periodontitis is mandatory. The five studies
included in this systematic review and meta-analysis pre-
sented different diagnostic criteria for periodontitis. In three
of them,2.14.15 the diagnosis of periodontitis was based on
clinical periodontal parameters, such as probing depth, at-
tachment loss, and bleeding on probing, while in another
study,22 the criteria were based on the Community Peri-
odontal Index (CPI) for diagnosis of periodontitis. In the re-
maingin study,10 the criteria were based on the Periodontal
Disease Index. The diagnosis of periodontitis should be
made using periodontal clinical parameters. The use of CPI
or Periodontal Disease Index may be biased. It is important
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to note that the criteria used for the diagnosis of periodon-
titis have a great impact on the reported prevalence of the
disease. Periodontal diseases differing in terms of exten-
sion and severity may present different systemic behaviors.
Moreover, differences in the diagnostic criteria of nosoco-
mial pneumonia were observed among the included studies.
Characteristics of radiographic examination, such as infiltra-
tion, consolidation, or cavitation were observed in three
studies.14.15.22 Clinical characteristics such as fever, leuko-
cytosis, and leukopenia were observed in two studies.2.14

The results of this systematic review and meta-analysis
underscore the role of oral health providers in ICUs. The in-
formation presented here may be helpful to physicians and
nurses regarding the effects of poor oral health on the likeli-
hood of the occurrence of nosocomial pneumonia. Hospital-
ised individuals should be submitted to oral examination for
assessment of their oral condition. Those with poor oral
health should be given oral health care and monitored.21

This systematic review and meta-analysis has certain
shortcomings. The quality assessment demonstrated that
five of the included studies evaluating the association be-
tween periodontitis and nosocomial pneumonia had meth-
odological limitations. However, our study is strengthened
by the low statistical heterogeneity of the meta-analysis.
Future research in different populations and with larger
samples should be conducted to consolidate the knowledge
on the association between these two diseases. More con-
trolled studies examining similarities between individuals
with and without nosocomial pneumonia are encouraged. It
is important that in subsequent studies the potential con-
founding factors in the possible association between peri-
odontal disease and nosocomial pneumonia be carefully
controlled, with no disparities between cases and controls.
Microbiological studies evaluating samples of respiratory
pathogens associated with the disease should also be car-
ried out. It is also important to conduct intervention studies
to evaluating the impact of periodontal treatment on the
incidence of nosocomial pneumonia in ICUs.

CONCLUSION

Within the limitations of the included studies, our system-
atic review and meta-analysis of observational data sug-
gests an association between periodontitis and nosocomial
pneumonia in ICU patients. Accordingly, ICU patients with
periodontitis might be more likely to develop nosocomial
pneumonia than those without periodontitis. However, the
data is insufficient to draw firm conclusions.
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