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Association Between Daily Toothbrushing
and Hospital-Acquired Pneumonia
A Systematic Review and Meta-Analysis

Selina Ehrenzeller, MD; Michael Klompas, MD, MPH

IMPORTANCE Hospital-acquired pneumonia (HAP) is the most common and morbid health
care-associated infection, but limited data on effective prevention strategies are available.

OBJECTIVE To determine whether daily toothbrushing is associated with lower rates of HAP
and other patient-relevant outcomes.

DATA SOURCES A search of PubMed, Embase, Cumulative Index to Nursing and Allied Health,
Cochrane Central Register of Controlled Trials, Web of Science, Scopus, and 3 trial registries
was performed from inception through March 9, 2023.

STUDY SELECTION Randomized clinical trials of hospitalized adults comparing daily oral care
with toothbrushing vs regimens without toothbrushing.

DATA EXTRACTION AND SYNTHESIS Data extraction and risk of bias assessments were
performed in duplicate. Meta-analysis was performed using random-effects models.

MAIN OUTCOMES AND MEASURES The primary outcome of this systematic review and
meta-analysis was HAP. Secondary outcomes included hospital and intensive care unit (ICU)
mortality, duration of mechanical ventilation, ICU and hospital lengths of stay, and use of
antibiotics. Subgroups included patients who received invasive mechanical ventilation vs
those who did not, toothbrushing twice daily vs more frequently, toothbrushing provided by
dental professionals vs general nursing staff, electric vs manual toothbrushing, and studies
at low vs high risk of bias.

RESULTS A total of 15 trials met inclusion criteria, including 10 742 patients (2033 in the ICU
and 8709 in non-ICU departments; effective population size was 2786 after shrinking the
population to account for 1 cluster randomized trial in non-ICU patients). Toothbrushing was
associated with significantly lower risk for HAP (risk ratio [RR], 0.67 [95% Cl, 0.56-0.81]) and
ICU mortality (RR, 0.81[95% Cl, 0.69-0.95]). Reduction in pneumonia incidence was
significant for patients receiving invasive mechanical ventilation (RR, 0.68 [95% ClI,
0.57-0.82) but not for patients who were not receiving invasive mechanical ventilation

(RR, 0.32[95% Cl, 0.05-2.02]). Toothbrushing for patients in the ICU was associated with
fewer days of mechanical ventilation (mean difference, -1.24 [95% Cl, -2.42 to -0.06] days)
and a shorter ICU length of stay (mean difference, -1.78 [95% Cl, -2.85 to -0.70] days).
Brushing twice a day vs more frequent intervals was associated with similar effect estimates.
Results were consistent in a sensitivity analysis restricted to 7 studies at low risk of bias
(1367 patients). Non-ICU hospital length of stay and use of antibiotics were not associated
with toothbrushing.

CONCLUSIONS The findings of this systematic review and meta-analysis suggest that daily
toothbrushing may be associated with significantly lower rates of HAP, particularly in patients
receiving mechanical ventilation, lower rates of ICU mortality, shorter duration of mechanical
ventilation, and shorter ICU length of stay. Policies and programs encouraging more
widespread and consistent toothbrushing are warranted.
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ospital-acquired pneumonia (HAP) is the most common

and morbid nosocomial infection. It affects approxi-

mately 1% of hospitalized patients and is associated with
increased mortality, longer length of stay, and higher costs.!*
While the risk per patient is higher for intubated patients receiv-
ing mechanical ventilation, most cases of nosocomial pneumo-
nia occur in nonintubated patients by virtue of their greater num-
bers in the hospital population. Crude and adjusted mortality
rates associated with nonventilator HAP (NV-HAP) are similar
to those of ventilator-associated pneumonia (VAP).2*

Despite the frequency and morbidity of HAP, little consen-
sus exists on how best to prevent it. Experts advocate rigorous
oral care, as HAP is believed to be triggered by microaspiration
or macroaspiration of oral flora, a hypothesis supported by stud-
ies documenting that microaspirations are common in hospital-
ized patients and sequencing studies documenting parity be-
tween organisms isolated from the mouth and lungs.®® Many
nursing bundles, particularly for patients receiving mechanical
ventilation, include oral care with the antiseptic chlorhexidine
to reduce microbial burden in the oral cavity. However, the use
of chlorhexidine for oral care is controversial since some stud-
ies suggest a possible association with higher mortality rates.®2
Furthermore, itis not clear whether chlorhexidine prevents pneu-
monia: a meta-analysis of double-blinded randomized clinical
trials' showed no association between oral care with chlorhexi-
dine and lower VAP rates, and a cluster randomized trial inves-
tigating the discontinuation of chlorhexidine' found that com-
prehensive oral care without chlorhexidine was associated
with similar rates of infection-related ventilator-associated com-
plications compared with oral care with chlorhexidine.

Rigorous, regular toothbrushing is an alternative strategy
to decrease microbial burden in the mouth without the poten-
tial risk associated with oral chlorhexidine. Indeed, toothbrush-
ing may be more effective than antiseptics at reducing micro-
bial burden, since mechanical scrubbing may better disrupt
plaque and other biofilms compared with antiseptics.!*!* Pre-
vention guidelines, however, have traditionally not empha-
sized toothbrushing, and consequently, practices vary widely
between hospitals.!®'® The latest guidelines from the Society
for Healthcare Epidemiology of America recommend “daily oral
care with toothbrushing but without chlorhexidine”'® based on
2 meta-analyses2°-?! that reported toothbrushing was associ-
ated with significantly lower VAP rates, shorter duration of me-
chanical ventilation, and shorter ICU stay. These meta-
analyses were small, however, and did not include many
recent and potentially pertinent studies. In addition, other
meta-analyses??2* have reported no association between tooth-
brushing and pneumonia. Therefore, we conducted an up-
dated meta-analysis of randomized clinical trials assessing the
association of toothbrushing with HAP, mortality, length of
stay, duration of mechanical ventilation, and use of antibiotics.

Methods

Protocol and Registration
The protocol for this systematic review and meta-analysis
was registered with PROSPERO (CRD42023392906). The study
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Key Points

Question Is daily toothbrushing among hospitalized patients
associated with prevention of hospital-acquired pneumonia
and improved objective outcomes?

Findings This systematic review and meta-analysis of 15
randomized clinical trials with an effective population size of
2786 patients found that hospital-acquired pneumonia rates
were lower among patients randomized to daily toothbrushing,
particularly among patients receiving invasive mechanical
ventilation. Toothbrushing was also associated with shorter
duration of mechanical ventilation, shorter intensive care unit
(ICU) length of stay, and lower ICU mortality, whereas hospital
length of stay and use of antibiotics showed no differences.

Meaning These findings suggest that daily toothbrushing
may be associated with lower rates of pneumonia and ICU
mortality, particularly among patients undergoing invasive
mechanical ventilation; programs and policies to encourage
daily toothbrushing are warranted.

followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) reporting guideline (eTable 1in
Supplement 1) and the Cochrane Handbook of Systematic
Reviews of Interventions, version 6.3.%>

Identification of Studies

We searched the PubMed, Embase, Web of Science, Cochrane
Central Register of Controlled Trials, Scopus, and Cumulative
Index to Nursing and Allied Health databases from inception
through March 9, 2023. We also searched 3 trial registries:
ClinicalTrials.gov, the International Standard Randomized
Controlled Trial Number Registry, and the International Clini-
cal Trials Registry Platform. We further searched the refer-
ence lists of articles that met inclusion criteria and recent re-
view articles?©-21:24:26-29 and queried Google Scholar for similar
articles for all included studies. No date or language restric-
tions were applied.

Search Strategy

The primary search strategy was developed for PubMed with
the support of a medical information specialist. It included a
combination of Medical Subject Heading terms and key-
words related to toothbrushing and HAP and was adapted as
needed for each database and registry (eMethods 1in Supple-
ment 1).

Eligibility Criteria

Studies meeting the following criteria were eligible: (1) ran-
domized clinical trials; (2) adult participants 16 years or older
in acute care hospitals; (3) investigation of the effects of tooth-
brushing vs no toothbrushing; and (4) inclusion of at least 1 of
the following outcomes: HAP (VAP and/or NV-HAP), duration
of mechanical ventilation, ICU length of stay, hospital length
of stay, mortality, or use of antibiotics. An overview of ex-
cluded studies, including reasons for exclusions, is provided
in eTable 2 in Supplement 1.
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Study Selection and Data Extraction

Two reviewers (S.E. and M.K.) independently screened all
titles and abstracts to assess eligibility. Full-text articles from
potentially eligible studies were further reviewed for inclu-
sion. Discrepancies between reviewers were resolved
through discussion and consensus. Study selection and data
extraction were performed using Covidence software and a
standardized data extraction form.3° Data were extracted by
the 2 reviewers independently, and inconsistencies were
resolved through consensus discussions. Extracted data
included study characteristics, intervention and control
group procedures, funding sources, HAP rates, mortality,
hospital length of stay, ICU length of stay, duration of
mechanical ventilation, and use of antibiotics (data collec-
tion form in eMethods 2 in Supplement 1). When primary
outcome data were incomplete or inconsistently reported,
authors were contacted for clarification. The study was
excluded if no response was received within 4 weeks and
clarification was necessary to determine study eligibility. If a
study included multiple groups, only pertinent groups were
extracted.?!>2

Risk of Bias and Quality Assessment

Both reviewers (S.E. and M.K.) independently assessed risk
of bias in all included studies using the Cochrane risk of bias
template for randomized clinical trials.** Inconsistencies
were resolved through consensus discussions. The Grading
of Recommendations, Assessment, Development, and
Evaluation (GRADE) framework was used to evaluate cer-
tainty of evidence and strength of recommendations.>*

Quantitative Data Analysis and Subgroup Analyses

Data were synthesized using inverse-variance random-
effects models. Effect sizes were expressed as risk ratios (RR)
for dichotomous outcomes and mean differences (MD) for con-
tinuous outcomes with 95% CIs. We used RevMan Web to con-
duct the analyses.>> Heterogeneity was assessed using the I?
statistic and x test. A funnel plot was created and the Egger
test was performed to quantify asymmetry using the metafor>®
package in RStudio, version 4.2.2.3” Prespecified subgroup
analyses included patients receiving invasive mechanical ven-
tilation vs those who were not, toothbrushing 2 times vs 3 or
more times daily, toothbrushing provided by a dental profes-
sional vs general nursing staff, electrical vs manual tooth-
brushing, and low vs high risk of bias studies. These steps were
performed in accordance with the Cochrane Handbook.?*

. |
Results

Description of Included Studies

A PRISMA flowchart depicting the study selection process is
shown in Figure 1.8 The search strategy identified 825 stud-
ies after removing duplicates; 101 were selected for full-text
review based on title and abstract. Of these, 15 studies met
inclusion criteria (11 were derived from databases,3"-3°-48 1
from a registry,* and 3 through manual review of references
or Google Scholar#°->!). The Table summarizes included
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studies. Three studies were conducted in Iran,3?-34° 3 in
Brazil,*#2->1 2 in India,*>** 2 in Spain,*>*® 2 in China,">°
and 1 each in the US,*” Malaysia,*® and Taiwan.*® Most stud-
ies were in English,*°-*° 1 was translated from Portuguese,!
2 from Chinese,?-°° and 2 from Persian.??-*° Study publica-
tion dates spanned 2009 to 2022. One study was a doctoral
dissertation.”! One study was a cluster trial that randomized
hospital wards rather than patients to intervention vs con-
trol groups.*” We calculated effective sample sizes for this
study using the intracluster correlation coefficient per the
Cochrane Handbook (eMethods 3 in Supplement 1).
Follow-up among all studies varied from 5 to 28 days or until
pneumonia diagnosis, extubation, or discharge. Three
studies only followed up patients for pneumonia for 5
days.?1:32:39 In most studies, teeth were brushed 2
times39-41:43:48 or 3 times3244-46:49-51 dajly, ranging from 4 to
5 times a week*? to 4 times daily.>"*”

Quality Assessment
Study quality assessments are summarized in Figure 2. Eight
of the 15 included studies?!-32:39:43:45.47.49.50 yyere deemed at
high or unclear risk of bias. None of the studies was truly double
blinded, given the difficulty concealing toothbrushing from
the practitioners performing toothbrushing or patients. How-
ever, we identified 10 studies3?-39-42-44-46,48,51 yyhere the in-
vestigators assessing outcomes were blinded to patients’ group
assignments. Taking into account bias in all domains, 7
studies?*!-42-44-46.48,51 yyere deemed at low risk of bias.
Publication bias was assessed among studies reporting
on HAP. We did not assess for publication bias using other
outcomes because the Cochrane Handbook does not recom-
mend asymmetry assessment with less than 10 studies.
A funnel plot using HAP as the outcome (eFigure 1in Supple-
ment 1) visually suggested asymmetry, indicating possible
small study effect or publication bias, but regression test
results for funnel plot asymmetry were not significant
(z = -0.75; P = .45), suggesting no evidence of small study
effects or publication bias.®°

Participants

Among the 15 studies that met inclusion criteria, including
10 742 patients, 13 studies3!-41:43-46:48-51 jncluded patients re-
ceiving mechanical ventilation in the ICU, 1 included hospi-
talized patients who were not receiving invasive mechanical
ventilation,*” and 1included patients in the ICU receiving and
not receiving mechanical ventilation.*? In total, there were
2033 ICU patients and 8097 non-ICU patients. After reducing
the cluster randomized trial*” from 8709 patients to an effec-
tive sample size of 753, the total number of patients included
in the meta-analysis was 2786. Most studies included only
patients with oral or nasal intubation; in 1 study,*® 19% of
patients had tracheotomies.

Adjunctive Interventions

Chlorhexidine gluconate was used in both the toothbrushing
and the control groups in 11 studies.32-39-46:49:51 The remain-
ing studies used plaque-removing toothpaste,*” saline,>!
povidone-iodine,>° or purified water*® in both study groups.
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Figure 1. Study Flowchart
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CENTRAL indicates Cochrane Central Register of Controlled Trials; CINAHL, Cumulative Index to Nursing and Allied Health, RCT, randomized clinical trial.

Adverse Events

Four studies*?4446:49 reported on adverse events. One study*2
reported that patients randomized to toothbrushing had more
mucosalirritation and minor intraoral bleeding compared with
patients in the control group but there were no major adverse
events leading to exclusion. The other 3 studies reported no
adverse events, 44649

Incidence of HAP (VAP and NV-HAP)

Thirteen studies (2557 patients)>!-32-39-41-49:5 included data on
HAP (including both VAP and NV-HAP). Patients randomized
to toothbrushing had significantly lower HAP rates (RR, 0.67
[95% CI, 0.56-0.81]; I? = 0%) (Figure 3). Twelve studies re-
ported on VAP (1744 patients).31:32:39:41-46,48,49,51 Tqothbrush-
ing was associated with significantly lower VAP rates (RR, 0.68
[95% CI 0.57-0.82]; I? = 0%), corresponding to a number
needed to treat of 12 to prevent 1 VAP case. Two studies re-
ported on NV-HAP (n = 813).4%47 One of these studies in-
cluded patients in the ICU who did not receive invasive me-
chanical ventilation (n = 60).*? The other was a non-ICU cluster
randomized trial (effective sample size, 753 patients) (eMethods
3in Supplement 1).#” The cluster randomized trial reported a
significant reduction in NV-HAP in medical units (85% risk
reduction [P = .002]) but not in surgical units (56% risk reduc-
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tion [P = .29]). On meta-analysis of the 2 studies with NV-
HAP data, RR was 0.32 (95% CI, 0.05-2.02; I2 = 0%).

Findings were similar on sensitivity analysis limited to the
7 studies with low risk of bias (1367 patients),4-42-44-46.48,51 q]]
of which focused on patients in the ICU (RR, 0.64 [95% CI,
0.48-0.85]; I = 8%). Findings were also similar in 5 studies at
low risk of bias*!:42:44:46.51 that followed up patients through
extubation or 28 days (RR, 0.64 [95% CI, 0.46-0.90]) and in a
sensitivity analysis using a fixed-effects model to avoid over-
weighting small studies.

Results were similar with 2 times daily toothbrushing
(RR, 0.63 [95% CI, 0.44-0.91]), 3 times daily toothbrushing
(RR, 0.77 [95% CI, 0.53-1.11]), and 4 times daily toothbrush-
ing (RR, 0.69 [95% CI, 0.33-1.43]) (eFigure 2 in Supple-
ment 1). This finding was consistent among 6 studies at low
risk of biag#-44-46.48.51 (RR for 2 times daily toothbrushing,
0.44 [95% CI, 0.19-1.03]; RR for 3 times daily toothbrushing,
0.81[95% CI, 0.56-1.18]).

Mortality

None of the studies reported on hospital mortality, but 6 stud-
ies reported on ICU mortality (n = 1331 patients).*!-43:45:46.50
Toothbrushing was associated with significantly lower ICU
mortality (RR, 0.81 [95% CI, 0.69-0.95]; I> = 0%) (Figure 4).
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Figure 2. Risk of Bias Summary
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Green plus signs indicate low risk of bias; yellow question marks, unclear risk of bias; and red minus signs, high risk of bias.

2 Salarzehi et al*? and Falahinia et al>® had a high risk of bias owing to convenience sampling. Giuliano et al*” had an unclear risk of bias owing to industry supplying
toothbrushing kits.

Figure 3. Association of Toothbrushing With Hospital-Acquired Pneumonia (HAP)

Experimental group Control group
No. of No. of No. of No. of Favors : Favors Weight,
Source events patients events patients  RR (95% Cl) toothbrushing : controls %
1.1.1 VAP
Bellissimo-Rodrigues et al,42 2014 8 98 17 96 0.46 (0.21-1.02) —— 5.3
Chacko et al,*4 2017 5 104 7 102 0.70(0.23-2.14) —_— 2.7
de Lacerda Vidal et al,41 2017 17 105 28 108 0.62 (0.36-1.07) —a 11.5
Falahinia et al,39 2016 19 34 21 34 0.90 (0.61-1.35) —— 21.0
Félix,51 2016 1 30 3 28 0.31(0.03-2.82) 0.7
Gong et al,312018 9 40 13 40 0.69(0.33-1.43) — 6.3
Khan et al,4% 2017 0 4 1 5 0.40 (0.02-7.82) 0.4
Lorente et al,4> 2012 21 217 24 219 0.88 (0.51-1.54) —— 10.8
Pobo et al,#6 2009 15 74 18 73 0.82 (0.45-1.50) —a— 9.1
Salarzehi et al,32 2021 1 30 5 30 0.20(0.02-1.61) 0.8
Singh et al,43 2022 32 110 52 110 0.62 (0.43-0.88) - 26.9
Yao et al,%4 2011 4 28 14 25 0.26 (0.10-0.67) — 3.5
Subtotal 132 874 203 870 0.68 (0.57-0.82) ‘ 99.0
Heterogeneity: t2= 0.00; xﬁ: 10.37 (P=.50); 12=0%
Test for overall effect: z=4.13 (P<.001)
1.1.2 NV-HAP
Bellissimo-Rodrigues et al,42 2014 0 29 1 31 0.36 (0.02-8.39) 0.3
Giuliano et al,47 2021 1 393 3 360 0.31(0.03-2.92) 0.7
Subtotal 1 422 4 301 0.32(0.05-2.02) — 1.0
Heterogeneity: 12=0.00; x3=0.01 (P=.94); I?=0%
Test for overall effect: z=1.21 (P=.23)
Total 133 1296 207 1261 0.67 (0.56-0.81) ‘ 100.0

Heterogeneity: t2=0.00; x213:11.01 (P=.61); I’=0% i T . :
Test for overall effect: z=4.23 (P<.001) 0.02 0.10 910 c 10 50
Test for subgroup differences:x21=0.63 (P=.43); 12=0% RR (95%C)

Data were synthesized using inverse-variance random-effects models, with effect sizes expressed as risk ratios (RR). NV-HAP indicates nonventilator HAP;
VAP, ventilator-acquired pneumonia. Size of markers indicates the relative weight of each study within the meta-analysis.

@ Reduced to effective sample sizes by calculating intraclass correlation and design effect according to the Cochrane Handbook.
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Figure 4. Association of Toothbrushing With Intensive Care Unit Mortality

Toothbrushing Control group

No. of No. of No. of No. of Favors | Favors Weight,
Source events patients events patients  RR (95% Cl) toothbrushing : control %
2.1.1 Low risk of bias
Bellissimo-Rodrigues et al,42 2014 37 127 40 127 0.93 (0.64-1.34) —— 17.1
de Lacerda Vidal et al,41 2017 20 105 27 108 0.76 (0.46-1.27) —a 9.1
Lorente et al,4> 2012 62 217 69 219 0.91 (0.68-1.21) —— 28.9
Pobo et al,#6 2009 16 74 23 73 0.69 (0.40-1.19) —_— 7.9
Subtotal 135 523 159 527 0.86 (0.71-1.04) <> 63.0
Heterogeneity: 12= 0.00; )(23 =1.14 (P=.77); I>=0%
Test for overall effect: z=1.54 (P=.12)
2.1.2 Unclear/high risk of bias
Long et al,>0 2012 3 31 5 30 0.58 (0.15-2.22) 1.3
Singh et al,43 2022 49 110 66 110 0.74 (0.57-0.96) —— 35.7
Subtotal 52 141 71 140 0.74 (0.57-0.95) B 37.0
Heterogeneity: t2= 0.00; )(21 =12 (P=.72); I2=0%
Test for overall effect: z=2.37 (P=.02)
Total 187 664 230 667 0.81 (0.69-0.95) O 100.0
Heterogeneity: 12=0.00; x3=2.16 (P =.83); I2=0% 02 05 07 1 ) 3

Test for overall effect: z=2.66 (P=.008)
Test for subgroup differences: le =0.89 (P=.34); 12=0%

RR (95% Cl)

Data were synthesized using inverse-variance random-effects models, with effect sizes expressed as risk ratios (RR). Size of markers indicates the relative weight of

each study within the meta-analysis.

Sensitivity analysis restricted to the 4 studies at low risk
of bias yielded a similar effect estimate but broader 95% Cls

that included 1.00 (RR, 0.86 [95% CI, 0.71-1.04];
2 = O%).41:42:45,46

Duration of Mechanical Ventilation

Seven studies (n = 1285)%1-4345:46.48.50 raported on duration of
mechanical ventilation. Toothbrushing was associated with
significantly less time to extubation (MD, -1.24 [95% CI, -2.42
to -0.06] days). On sensitivity analysis restricted to the 5 stud-
ies at low risk of bias,*!:42-45-46:48 the reduction in ventilated
days remained significant (MD, -1.47 [95% CI, -2.57 to —0.36]
days) and showed no heterogeneity (I? = 52% in the primary
analysis vs I2 = 0% in the sensitivity analysis).

ICU Length of Stay

Six studies (n = 1284) reported on ICU length of stay.4!-43:4>-46.48
Toothbrushing was associated with significantly shorter ICU
length of stay (MD, -1.78 [95% CI, -2.85 to —0.70] days; I? = 0%).
Limiting to the 5 studies at low risk of bias,*!:42:45:46.48 tgoth-
brushing remained associated with significantly shorter ICU
length of stay (MD, -1.36 [95% CI, -2.58 to —0.14] days; I* = 0%).

Hospital Length of Stay

Two studies reported on duration of hospitalization
(n = 921).%047 Both studies had a high or unclear risk of bias
in multiple domains. One study included patients in the ICU
receiving invasive mechanical ventilation,*® while the other
included patients in medical and surgical wards not receiving
ventilation.*” Neither study found an association with re-
duced hospital length of stay. These studies were not com-
bined for meta-analysis because of the differences in their
populations.

JAMA Internal Medicine Published online December 18,2023

Antibiotic Use

Three studies reported on use of antibiotics (n = 667),42-4>46
all based in the ICU and all at low risk of bias. Two studies*>-4¢
reported no significant difference in antibiotic-free days (RR,
-0.52[95% CI, -2.821t01.79]; I? = 0%), and 1 study*? found no
significant difference in total antibiotic days.

Subgroup Analysis

Two studies*?-°! had toothbrushing performed by dental pro-
fessionals; in all other studies3!-32:39-41:43-50 ora] care was per-
formed by nondental nursing staff. One of the 2 studies in
which toothbrushing was performed by dental professionals
showed a significant reduction in HAP rates.*? Two studies**48
used electric toothbrushes, one of which used electric and
manual toothbrushes for cleaning. Only 1 of the 2 studies*®
showed an association with reduced HAP rates. Because of
the small number of studies in these subgroups, meaningful
subgroup analyses were not possible.

Certainty of the Evidence

Evaluating the certainty of evidence using the GRADE
framework3* and including only studies at low risk of bias,
the quality of evidence for the reduction of pneumonia inci-
dence is moderate due to risk of ascertainment bias for
pneumonia, given the subjectivity of the diagnosis and the
impossibility of blinding the individuals performing oral
care. We also considered possible publication bias given
visual asymmetry in the funnel plot (eFigure 1in Supple-
ment 1) but did not further downgrade the evidence because
the Egger test result was not significant. For the outcomes of
hospital length of stay and use of antibiotics, the strength of
the recommendation was very low due to individual study
limitations, imprecision, and possible publication bias.
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|
Discussion

A systematicreview and meta-analysis of 15 randomized trials
showed that toothbrushing was associated with lower HAP
rates, particularly in patients undergoing invasive mechani-
cal ventilation, as well as lower ICU mortality rates, shorter ICU
length of stay, and fewer days of mechanical ventilation. These
findings suggest that routine toothbrushing should be con-
sidered an essential component of standard care in hospital-
ized patients, particularly in patients receiving invasive
mechanical ventilation, for whom the evidence is strongest,
to prevent pneumonia and lower mortality rates.

Our analysis helps clarify an effective oral care strategy for
patients undergoing mechanical ventilation. Older guide-
lines and care improvement initiatives®** recommended rou-
tine oral care with chlorhexidine for patients undergoing in-
vasive mechanical ventilation. Subsequent analyses!®
questioned this recommendation, however, because of a pos-
sible association between oral care with chlorhexidine and
higher mortality rates and uncertainty whether chlorhexi-
dine truly lowers pneumonia rates. This led to a tempering or
withdrawal of recommendations for oral chlorhexidine in sub-
sequent guidelines, leaving frontline clinicians uncertain on
whether and how best to provide oral care to prevent pneu-
monia. Our analysis helps clarify that toothbrushing may be
an effective strategy to prevent VAP.

A strength of our study is that we examined patient-
centered, objective outcomes in addition to pneumonia. This
is important because pneumonia diagnostic criteria include
subjective (eg, radiographic interpretation), nonspecific (eg,
fever and abnormal white blood cell count), and variably sen-
sitive (eg, positive culture yields) components.>2->° These limi-
tations of pneumonia diagnostic criteria complicate the inter-
pretation of prevention studies and introduce risk of bias,
particularly in open-label studies. Our findings were consis-
tent, however, on sensitivity analysis restricted to studies in
which the individuals assessing for pneumonia were blinded
to patients’ treatment assignments and in which there was no
clear risk of bias in any other domain. Blinding outcomes as-
sessment mitigates the risk of ascertainment bias due to the
subjectivity of HAP diagnosis.®*®” In addition, our finding that
toothbrushing was associated with lower mortality rates,
shorter duration of mechanical ventilation, and shorter ICU
length of stay adds confidence that the observed association
between toothbrushing and lower VAP rates was not spuri-
ous. The mortality signal was no longer significant in a sensi-
tivity analysis restricted to studies at low risk of bias, but this
may reflect diminished power, as the effect estimate was simi-
lar to the primary analysis (RRs, 0.86 [95% CI, 0.71-1.04] vs 0.81
[95% CI, 0.69-0.95]).

Allbut 1study*” in our analysis focused on patients in ICUs,
most of whom received mechanical ventilation. Our findings
are therefore strongest with regard to patients receiving inva-
sive mechanical ventilation. We were only able to identify 2
studies with patients not receiving invasive mechanical ven-
tilation that met inclusion criteria.*>*” The effect estimates on
combining these 2 studies was consistent with the primary
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analysis, but the sample size was small, the 95% CI was broad,
and the signal was not statistically significant. This suggests
that toothbrushing could also prevent NV-HAP, but more data
are needed to confirm or refute this possibility.

Prior meta-analyses on the association between tooth-
brushing and VAP?°-24:26:29 have reported mixed results. Older
meta-analyses?224-26 reported no association between tooth-
brushing and lower pneumonia rates, while more recent
studies?®-?1-29 have reported a positive association with lower
VAP rates, but not with lower mortality rates. Our analysis in-
cludes substantially more studies than prior analyses, thus
providing a more comprehensive and better powered assess-
ment. Our results echo the findings of multiple preinterven-
tion and postintervention studies that reported decreases in
VAP rates after implementing oral care protocols to prevent
VAP®870 and NV-HAP.”!

Although toothbrushing is an everyday action, the rigor,
intensity, and frequency of toothbrushing may affect its ca-
pacity to prevent pneumonia and improve other outcomes. We
found no evidence that brushing 3 or more times a day con-
fers additional benefit over brushing 2 times a day. Subgroup
analyses of care provided by dental professionals vs nonden-
tal nursing staff and on the use of electric vs manual tooth-
brushes included very few studies, thus precluding clear in-
sight into the relative benefits of these strategies. Other
questions we were unable to answer due to lack of pertinent
studies include whether the type of toothpaste or choice of
toothbrushing fluid affects outcomes, whether including
tongue cleaning in the procedure increases the effect, and
whether there is an interaction between toothbrushing and se-
lective digestive tract decontamination. Similarly, we did not
have patient-level data to assess whether effects differed for
patients with oral vs nasal vs tracheal intubations or whether
these effects differed by age group.

Limitations

Our study has several limitations. First, lack of double blinding
may have biased outcome assessments. Results were consistent,
however, on subgroup analysis restricted to studies where asses-
sors were blinded to treatment assignment. Additionally, de-
creases in pneumonia rates were paralleled by decreases in
mortality and ICU length of stay, affirming a possible beneficial
effect of toothbrushing. Second, duration of follow-up was short
in some studies, potentially leading to underdetection of
pneumonia. Results were consistent, however, in the 7 studies
with low risk of bias and a minimum of 7 days of follow-
up*-42:44-46.:48.51 and in 5 studies at low risk of bias that followed
up patients through extubation or 28 days.*"4244:46:51 Third, a
funnel plot showed asymmetry and thus possible publication
bias. Fourth, very few studies included patients who were not
receiving invasive mechanical ventilation and those not in the
ICU, thus limiting confidence in the effect of toothbrushing in
these populations. Fifth, studies were heterogeneous with re-
gard to country, setting, nursing protocols, and adjunctive mea-
sures. None of the studies among patients receiving invasive
mechanical ventilation was performed in the US. Sixth, tooth-
brushing may have been a proxy for additional measures to pre-
vent aspiration insofar as randomizing patients to toothbrush-
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ing may have sensitized nurses to patients’ aspiration risk, lead-

ing them to be more vigilant.

Association Between Daily Toothbrushing and Hospital-Acquired Pneumonia

brushing may be associated with lower HAP rates, particu-

larly among patients receiving invasive mechanical ventila-
tion, as well as lower ICU mortality, reduced duration of
mechanical ventilation, and shorter ICU length of stay com-

Conclusions

The findings of this systematic review and meta-analysis of 15
randomized clinical trials suggest that oral care with tooth-

ARTICLE INFORMATION
Accepted for Publication: October 11, 2023.

Published Online: December 18, 2023.
doi:10.1001/jamainternmed.2023.6638

Author Contributions: Dr Ehrenzeller had full
access to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: Klompas.

Acquisition, analysis, or interpretation of data:
Both authors.

Drafting of the manuscript: Both authors.
Critical review of the manuscript for important
intellectual content: Klompas.

Statistical analysis: Ehrenzeller.

Supervision: Klompas.

Conflict of Interest Disclosures: Dr Ehrenzeller
reported receiving nondirected funding for a
research visit from Swiss Study Foundation during
the conduct of the study. Dr Klompas reported
receiving grant funding from the Centers for
Disease Control and Prevention, the Agency for
Healthcare Research and Quality, and the
Massachusetts Department of Public Health,

and royalties from UpToDate outside the
submitted work.

Additional Contributions: The authors thank

Thomas Fiirst, PhD (medical information specialist),

of the University Medical Library of Basel for his
support in improving the primary search strategy.
He was not compensated for this work.

Data Sharing Statement: See Supplement 2.

REFERENCES

1. Magill SS, O'Leary E, Janelle SJ, et al; Emerging
Infections Program Hospital Prevalence Survey
Team. Changes in prevalence of health
care-associated infections in US hospitals. N Engl J
Med. 2018;379(18):1732-1744. doi:10.1056/
NEJMo0a1801550

2. Jones BE, Sarvet AL, Ying J, et al. Incidence and
outcomes of non-ventilator-associated
hospital-acquired pneumonia in 284 US hospitals
using electronic surveillance criteria. JAMA Netw
Open. 2023;6(5):e2314185. doi:10.1001/
jamanetworkopen.2023.14185

3. Steen J, Vansteelandt S, De Bus L, et al.
Attributable mortality of ventilator-associated
pneumonia: replicating findings, revisiting
methods. Ann Am Thorac Soc. 2021;18(5):830-837.
doi:10.1513/AnnalsATS.202004-3850C

4. Zilberberg MD, Nathanson BH, Puzniak LA,
Shorr AF. Descriptive epidemiology and outcomes
of nonventilated hospital-acquired, ventilated
hospital-acquired, and ventilator-associated
bacterial pneumonia in the United States,
2012-2019. Crit Care Med. 2022;50(3):460-468.
doi:10.1097/CCM.0000000000005298

pared with routine oral care without toothbrushing. These find-
ings suggest the importance of developing policies and pro-

5. Corrado RE, Lee D, Lucero DE, Varma JK,
Vora NM. Burden of adult community-acquired,
health-care-associated, hospital-acquired, and
ventilator-associated pneumonia: New York City,
2010 to 2014. Chest. 2017;152(5):930-942.
doi:10.1016/j.chest.2017.04.162

6. Bahrani-Mougeot FK, Paster BJ, Coleman S, et al.
Molecular analysis of oral and respiratory bacterial
species associated with ventilator-associated
pneumonia. J Clin Microbiol. 2007;45(5):1588-1593.
doi:10.1128/JCM.01963-06

7. Talbert S, Bourgault AM, Rathbun KP, et al.
Pepsin A in tracheal secretions from patients
receiving mechanical ventilation. Am J Crit Care.
2021;30(6):443-450. doi:10.4037/ajcc2021528

8. Jaillette E, Girault C, Brunin G, et al; BestCuff
Study Group and the BoRéal Network. Impact of
tapered-cuff tracheal tube on microaspiration of
gastric contents in intubated critically ill patients:
amulticenter cluster-randomized cross-over
controlled trial. Intensive Care Med. 2017;43(11):
1562-1571. doi:10.1007/s00134-017-4736-x

9. Deschepper M, Waegeman W, Eeckloo K,
Vogelaers D, Blot S. Effects of chlorhexidine
gluconate oral care on hospital mortality:

a hospital-wide, observational cohort study.
Intensive Care Med. 2018;44(7):1017-1026.
doi:10.1007/s00134-018-5171-3

10. Klompas M, Li L, Kleinman K, Szumita PM,
Massaro AF. Associations between ventilator
bundle components and outcomes. JAMA Intern Med.
2016;176(9):1277-1283. doi:10.1001/jamainternmed.
2016.2427

11. Price R, MacLennan G, Glen J; SuDDICU
Collaboration. Selective digestive or oropharyngeal
decontamination and topical oropharyngeal
chlorhexidine for prevention of death in general
intensive care: systematic review and network
meta-analysis. BMJ. 2014;348:g2197. doi:10.1136/
bmj.g2197

12. Klompas M, Speck K, Howell MD, Greene LR,
Berenholtz SM. Reappraisal of routine oral care with
chlorhexidine gluconate for patients receiving
mechanical ventilation: systematic review and

meta-analysis. JAMA Intern Med. 2014;174(5):751-761.

doi:10.1001/jamainternmed.2014.359

13. Dale CM, Rose L, Carbone S, et al. Effect of oral
chlorhexidine de-adoption and implementation of
an oral care bundle on mortality for mechanically
ventilated patients in the intensive care unit
(CHORAL): a multi-center stepped wedge
cluster-randomized controlled trial. Intensive Care
Med. 2021;47(11):1295-1302. doi:10.1007/
s00134-021-06475-2

14. Gibbons RJ. Bacterial adhesion to oral tissues:
amodel for infectious diseases. J Dent Res. 1989;68
(5):750-760. doi:10.1177/00220345890680050101

JAMA Internal Medicine Published online December 18,2023

grams to encourage daily toothbrushing in hospitalized
patients, particularly those receiving mechanical ventilation.

15. Gibbons RJ, Hay DI, Childs WC lI, Davis G.
Role of cryptic receptors (cryptitopes) in bacterial
adhesion to oral surfaces. Arch Oral Biol. 1990;35
(suppl):1075-114S. doi:10.1016/0003-9969(90)
90139-2

16. Soh KL, Soh KG, Japar S, Raman RA,
Davidson PM. A cross-sectional study on nurses’
oral care practice for mechanically ventilated
patients in Malaysia. J Clin Nurs. 2011;20(5-6):
733-742. doi:10.1111/j1365-2702.2010.03579.x

17. Chebib N, Waldburger TC, Boire S, et al. Oral
care knowledge, attitude and practice: caregivers'
survey and observation. Gerodontology. 2021;38(1):
95-103. doi:10.1111/ger.12502

18. Kelly N, Blackwood B, Credland N, et al. Oral
health care in adult intensive care units: a national
point prevalence study. Nurs Crit Care. 2023;28(5):
773-780. doi:10.1111/nicc.12919

19. Klompas M, Branson R, Cawcutt K, et al.
Strategies to prevent ventilator-associated
pneumonia, ventilator-associated events, and
nonventilator hospital-acquired pneumonia in
acute-care hospitals: 2022 update. Infect Control
Hosp Epidemiol. 2022;43(6):687-713. doi:10.1017/
ice.2022.88

20. Zhao T, Wu X, Zhang Q, Li C, Worthington HV,
Hua F. Oral hygiene care for critically ill patients to
prevent ventilator-associated pneumonia. Cochrane
Database Syst Rev. 2020;12(12):CDO08367.

21. Sozkes S, Sozkes S. Use of toothbrushing in
conjunction with chlorhexidine for preventing
ventilator-associated pneumonia: a random-effect
meta-analysis of randomized controlled trials. Int J
Dent Hyg. 2023;21(2):389-397. doi:10.1111/idh.12560

22. GuWJ, Gong YZ, Pan L, Ni YX, Liu JC. Impact of
oral care with versus without toothbrushing on the
prevention of ventilator-associated pneumonia:

a systematic review and meta-analysis of
randomized controlled trials. Crit Care. 2012;16(5):
R190. doi:10.1186/cc11675

23. Alhazzani W, Smith O, Muscedere J, Medd J,
Cook D. Toothbrushing for critically ill mechanically
ventilated patients: a systematic review and
meta-analysis of randomized trials evaluating
ventilator-associated pneumonia. Crit Care Med.
2013;41(2):646-655. doi:10.1097/CCM.
0b013e3182742d45

24. De Camargo L, da Silva SN, Chambrone L.
Efficacy of toothbrushing procedures performed in
intensive care units in reducing the risk of
ventilator-associated pneumonia: a systematic
review. J Periodontal Res. 2019;54(6):601-611.
doi:10.1111/jre.12668

25. Higgins JPTTJ, Chandler J, Cumpston M, Li T,
Page MJ, Welch VA. Cochrane Handbook for
Systematic Reviews of Interventions. Version 6.3.
2022. Accessed September 26, 2023. https://
training.cochrane.org/handbook/current

jamainternalmedicine.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Aga Khan University user on 01/13/2024


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.6638?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.6638?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638
https://dx.doi.org/10.1056/NEJMoa1801550
https://dx.doi.org/10.1056/NEJMoa1801550
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2023.14185?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2023.14185?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638
https://dx.doi.org/10.1513/AnnalsATS.202004-385OC
https://dx.doi.org/10.1097/CCM.0000000000005298
https://dx.doi.org/10.1016/j.chest.2017.04.162
https://dx.doi.org/10.1128/JCM.01963-06
https://dx.doi.org/10.4037/ajcc2021528
https://dx.doi.org/10.1007/s00134-017-4736-x
https://dx.doi.org/10.1007/s00134-018-5171-3
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2016.2427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2016.2427?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638
https://dx.doi.org/10.1136/bmj.g2197
https://dx.doi.org/10.1136/bmj.g2197
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2014.359?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638
https://dx.doi.org/10.1007/s00134-021-06475-2
https://dx.doi.org/10.1007/s00134-021-06475-2
https://dx.doi.org/10.1177/00220345890680050101
https://dx.doi.org/10.1016/0003-9969(90)90139-2
https://dx.doi.org/10.1016/0003-9969(90)90139-2
https://dx.doi.org/10.1111/j.1365-2702.2010.03579.x
https://dx.doi.org/10.1111/ger.12502
https://dx.doi.org/10.1111/nicc.12919
https://dx.doi.org/10.1017/ice.2022.88
https://dx.doi.org/10.1017/ice.2022.88
https://www.ncbi.nlm.nih.gov/pubmed/33368159
https://www.ncbi.nlm.nih.gov/pubmed/33368159
https://dx.doi.org/10.1111/idh.12560
https://dx.doi.org/10.1186/cc11675
https://dx.doi.org/10.1097/CCM.0b013e3182742d45
https://dx.doi.org/10.1097/CCM.0b013e3182742d45
https://dx.doi.org/10.1111/jre.12668
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638

Association Between Daily Toothbrushing and Hospital-Acquired Pneumonia

26. Silva PUJ, Paranhos LR, Meneses-Santos D,
Blumenberg C, Macedo DR, Cardoso SV.
Combination of toothbrushing and chlorhexidine
compared with exclusive use of chlorhexidine to
reduce the risk of ventilator-associated pneumonia:
a systematic review with meta-analysis. Clinics

(Sao Paulo). 2021;76:€2659. doi:10.6061/clinics/
2021/e2659

27. Pinto ACDS, Silva BMD, Santiago-Junior JF,
Sales-Peres SHC. Efficiency of different protocols
for oral hygiene combined with the use of
chlorhexidine in the prevention of
ventilator-associated pneumonia.

J Bras Pneumol. 2021;47(1):e20190286.

28. Lavigne SE, Forrest JL. An umbrella review of
systematic reviews examining the relationship
between type 2 diabetes and periodontitis: position
paper from the Canadian Dental Hygienists
Association. Can J Dent Hyg. 2021;55(1):57-67.

29. Garegnani LI, Giménez ML, Escobar Liquitay
CM, Franco JVA. Oral hygiene interventions to
prevent ventilator-associated pneumonia:

a network meta-analysis. Nurs Crit Care. Published
online December 5, 2022. doi:10.1111/nicc.12865

30. Veritas Health Innovation. Covidence
systematic review software. Accessed October 18,
2023, https://www.covidence.org/

31. GongC, Qin X, XuY, YahongL, YunL.
Application of modified oral care combined with
traditional Chinese medicine preparation for ICU
patients with orotracheal intubation. Nurs
Integrated Tradit Chin West Med. 2018;4(12):70-73.
doi:10.11997/nitcwm.201812017

32. Salarzehi FK, Jahantigh M, Dahmardeh AR,
Moghadam SA, Yaghoubinia F. Comparison of the
effect of comprehensive oral care program and
combined toothbrush and mouthwash program on
ventilator-associated pneumonia: a clinical trial
study. J Crit Care Nurs. 2021;14(1):54-61.

33. Higgins JPT, Altman DG, Getzsche PC, et al;
Cochrane Bias Methods Group; Cochrane Statistical
Methods Group. The Cochrane Collaboration’s tool
for assessing risk of bias in randomized trials. BMJ.
2011;343:d5928. doi:10.1136/bmj.d5928

34. Guyatt GH, Oxman AD, Vist GE, et al; GRADE
Working Group. GRADE: an emerging consensus on
rating quality of evidence and strength of
recommendations. BMJ. 2008;336(7650):924-926.
doi:10.1136/bm;j.39489.470347.AD

35. RevMan Web. Version 4.25.0. Cochrane
Collaboration; 2023. Accessed November 8, 2023.
https://revman.cochrane.org/

36. Viechtbauer W. Conducting meta-analysesin R
with the metafor package. J Stat Softw. 2010;36(3):
1-48. d0i:10.18637/jss.v036.i103

37. RStudio: Integrated Development Environment
for R. Version 4.2.2. R Project for Statistical
Computing; 2022. Accessed November 13, 2023.
https://www.r-project.org/https://www.r-project.
org/conferences/useR-2011/abstracts/180111-
allairejj.pdf

38. Vu-Ngoc H, Elawady SS, Mehyar GM, et al.
Quality of flow diagram in systematic review and/or
meta-analysis. PloS One. 2018;13(6):e0195955.
doi:10.1371/journal.pone.0195955

39. Falahinia G, Razeh M, Khatiban M, Rashidi M,
Soltanian A. Comparing the effects of chlorhexidine
solution with or without toothbrushing on the
development of ventilator-associated pneumonia

jamainternalmedicine.com

among patients in ICUs: a single-blind, randomized
controlled clinical trial. Hayat. 2016;21(4):41-52.

40. Nasiriani K, Torki F, Jarahzadeh MH,

Rashidi Maybodi F. The effect of brushing with a
soft toothbrush and distilled water on the incidence
of ventilator-associated pneumonia in the intensive
care unit. Tanaffos. 2016;15(2):101-107.

41. de Lacerda Vidal CF, Vidal AK, Monteiro JG Jr,
et al. Impact of oral hygiene involving
toothbrushing versus chlorhexidine in the
prevention of ventilator-associated pneumonia:
arandomized study. BVMC Infect Dis. 2017;17(1):112.
doi:10.1186/512879-017-2188-0

42. Bellissimo-Rodrigues WT, Menegueti MG,
Gaspar GG, et al. Effectiveness of a dental care
intervention in the prevention of lower respiratory
tract nosocomial infections among intensive care
patients: a randomized clinical trial. Infect Control
Hosp Epidemiol. 2014;35(11):1342-1348. doi:10.
1086/678427

43. Singh P, Arshad Z, Srivastava VK, Singh GP,
Gangwar RS. Efficacy of oral care protocols in the
prevention of ventilator-associated pneumonia in
mechanically ventilated patients. Cureus. 2022;14
(4):€23750. doi:10.7759/cureus.23750

44. ChackoR, Rajan A, Lionel P, Thilagavathi M,
Yadav B, Premkumar J. Oral decontamination
techniques and ventilator-associated pneumonia.
BrJ Nurs. 2017;26(11):594-599. doi:10.12968/bjon.
2017.26.11.594

45. Lorente L, Lecuona M, Jiménez A, et al.
Ventilator-associated pneumonia with or without
toothbrushing: a randomized controlled trial. Eur J
Clin Microbiol Infect Dis. 2012;31(10):2621-2629.
doi:10.1007/s10096-012-1605-y

46. Pobo A, Lisboa T, Rodriguez A, et al; RASPALL
Study Investigators. A randomized trial of dental
brushing for preventing ventilator-associated
pneumonia. Chest. 2009;:136(2):433-439. doi:10.
1378/chest.09-0706

47. Giuliano KK, Penoyer D, Middleton A, Baker D.
Oral care as prevention for nonventilator
hospital-acquired pneumonia: a four-unit cluster
randomized study. Am J Nurs. 2021;121(6):24-33.
doi:10.1097/01.NAJ.0000753468.99321.93

48. Yao LY, Chang CK, Maa SH, Wang C, Chen CCH.
Brushing teeth with purified water to reduce
ventilator-associated pneumonia. J Nurs Res. 2011;
19(4):289-297. doi:10.1097/JNR.Ob013e318236d05f

49. Khan M, Mohamed Z, Ali S, Saddki N.

Masudi SM, Sukminingrum N. Oral care effect on
intubated patient with 0.2 per cent chlorhexidine
gluconate and tooth brushing in intensive care unit.
J Adv Oral Res. 2017;8(1-2):26-33. doi:10.1177/
2229411217729099

50. LongY, Zuo Y, Lv F. Effect of modified oral
nursing method on the patients with orotracheal
intubation. J Nurses Train. 2012;27:2290-2293.

51. Félix L. Two Methods of Oral Hygiene With
Chlorhexidine in Preventing of Ventilator-Associated
Pneumonia. Dissertation. Fortaleza: Faculdade de
Farmacia, Odontologia e Enfermagem,
Universidade Federal do Cear3; 2016.

52. Horan TC, Andrus M, Dudeck MA. CDC/NHSN
surveillance definition of health care-associated
infection and criteria for specific types of infections
in the acute care setting. Am J Infect Control.
2008;36(5):309-332. doi:10.1016/j.ajic.2008.
03.002

Original Investigation Research

53. Society AT; American Thoracic Society;
Infectious Diseases Society of America. Guidelines
for the management of adults with
hospital-acquired, ventilator-associated, and
healthcare-associated pneumonia. Am J Respir Crit
Care Med. 2005;171(4):388-416. doi:10.1164/rccm.
200405-644ST

54. Pugin J, Auckenthaler R, Mili N, Janssens J,
Lew P, Suter P. Diagnosis of ventilator-associated
pneumonia by bacteriologic and nonbronchoscopic
“blind” bronchoalveolar avage fluid. Am Rev Respir
Dis. 1991;143(5, pt 1):1121-1129. doi:10.1164/ajrccm/
143.5_Pt_1.1121

55. Agéncia Nacional de Vigilancia Sanitaria.
Diagnostic Criteria for Healthcare-Related Infections.
Book in Portuguese. Agéncia Nacional de Vigilancia
Sanitdria; 2013. Accessed November 20, 2023.
https://bvsms.saude.gov.br/bvs/publicacoes/
criterios_diagnosticos_infeccoes_assistencia_saude.
pdf

56. Tablan OC, Anderson LJ, Besser R, Bridges C,
Hajjeh R. Guidelines for preventing healthcare
associated pneumonia, 2003: recommendations of
CDC and the Healthcare Infection Control Practices
Advisory Committee. Accessed November 8, 2023.
https://www.cdc.gov/infectioncontrol/pdf/
guidelines/healthcare-associated-pneumonia-H.pdf

57. Critical Care Medicine Branch of Chinese
Medical Association. Guideline for the prevention,
diagnosis and treatment of ventilator-associated
pneumonia (2013). Chin J Intern Med. 2013;52(6):
524-543. doi:10.3760/cma.].issn.0578-1426.2013.
06.024

58. Lauzier F, Ruest A, Cook D, et al; Canadian
Critical Care Trials Group. The value of pretest
probability and modified clinical pulmonary
infection score to diagnose ventilator-associated
pneumonia. J Crit Care. 2008;23(1):50-57. doi:10.
1016/j.jcrc.2008.01.006

59. Singh N, Rogers P, Atwood CW, Wagener MM,
Yu VL. Short-course empiric antibiotic therapy for
patients with pulmonary infiltrates in the intensive
care unit: a proposed solution for indiscriminate
antibiotic prescription. Am J Respir Crit Care Med.
2000:162(2, pt 1):505-511. doi:10.1164/ajrccm.162.2.
9909095

60. Egger M, Davey Smith G, Schneider M,

Minder C. Bias in meta-analysis detected by a
simple, graphical test. BMJ. 1997;315(7109):629-634.
doi:10.1136/bm;j.315.7109.629

61. Muscedere J, Dodek P, Keenan S, Fowler R,
Cook D, Heyland D; VAP Guidelines Committee and
the Canadian Critical Care Trials Group.
Comprehensive evidence-based clinical practice
guidelines for ventilator-associated pneumonia:
prevention. J Crit Care. 2008;23(1):126-137. doi:10.
1016/j.jcrc.2007.11.014

62. Rello J, Lode H, Cornaglia G, Masterton R,
Care Bundle Contributors VAP; VAP Care Bundle
Contributors. A European care bundle for
prevention of ventilator-associated pneumonia.
Intensive Care Med. 2010;36(5):773-780. doi:10.
1007/s00134-010-1841-5

63. Klompas M, Branson R, Eichenwald EC, et al;
Society for Healthcare Epidemiology of America
(SHEA). Strategies to prevent ventilator-associated
pneumonia in acute care hospitals: 2014 update.
Infect Control Hosp Epidemiol. 2014;35(8):915-936.
doi:10.1086/677144

JAMA Internal Medicine Published online December 18,2023

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Aga Khan University user on 01/13/2024

EN


https://dx.doi.org/10.6061/clinics/2021/e2659
https://dx.doi.org/10.6061/clinics/2021/e2659
https://www.ncbi.nlm.nih.gov/pubmed/33503132
https://www.ncbi.nlm.nih.gov/pubmed/33643418
https://dx.doi.org/10.1111/nicc.12865
https://www.covidence.org/
https://dx.doi.org/10.11997/nitcwm.201812017
https://dx.doi.org/10.1136/bmj.d5928
https://dx.doi.org/10.1136/bmj.39489.470347.AD
https://revman.cochrane.org/
https://dx.doi.org/10.18637/jss.v036.i03
https://www.r-project.org/
https://www.r-project.org/conferences/useR-2011/abstracts/180111-allairejj.pdf
https://www.r-project.org/conferences/useR-2011/abstracts/180111-allairejj.pdf
https://www.r-project.org/conferences/useR-2011/abstracts/180111-allairejj.pdf
https://dx.doi.org/10.1371/journal.pone.0195955
https://www.ncbi.nlm.nih.gov/pubmed/27904542
https://dx.doi.org/10.1186/s12879-017-2188-0
https://dx.doi.org/10.1086/678427
https://dx.doi.org/10.1086/678427
https://dx.doi.org/10.7759/cureus.23750
https://dx.doi.org/10.12968/bjon.2017.26.11.594
https://dx.doi.org/10.12968/bjon.2017.26.11.594
https://dx.doi.org/10.1007/s10096-012-1605-y
https://dx.doi.org/10.1378/chest.09-0706
https://dx.doi.org/10.1378/chest.09-0706
https://dx.doi.org/10.1097/01.NAJ.0000753468.99321.93
https://dx.doi.org/10.1097/JNR.0b013e318236d05f
https://dx.doi.org/10.1177/2229411217729099
https://dx.doi.org/10.1177/2229411217729099
https://dx.doi.org/10.1016/j.ajic.2008.03.002
https://dx.doi.org/10.1016/j.ajic.2008.03.002
https://dx.doi.org/10.1164/rccm.200405-644ST
https://dx.doi.org/10.1164/rccm.200405-644ST
https://dx.doi.org/10.1164/ajrccm/143.5_Pt_1.1121
https://dx.doi.org/10.1164/ajrccm/143.5_Pt_1.1121
https://bvsms.saude.gov.br/bvs/publicacoes/criterios_diagnosticos_infeccoes_assistencia_saude.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/criterios_diagnosticos_infeccoes_assistencia_saude.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/criterios_diagnosticos_infeccoes_assistencia_saude.pdf
https://www.cdc.gov/infectioncontrol/pdf/guidelines/healthcare-associated-pneumonia-H.pdf
https://www.cdc.gov/infectioncontrol/pdf/guidelines/healthcare-associated-pneumonia-H.pdf
https://dx.doi.org/10.3760/cma.j.issn.0578-1426.2013.06.024
https://dx.doi.org/10.3760/cma.j.issn.0578-1426.2013.06.024
https://dx.doi.org/10.1016/j.jcrc.2008.01.006
https://dx.doi.org/10.1016/j.jcrc.2008.01.006
https://dx.doi.org/10.1164/ajrccm.162.2.9909095
https://dx.doi.org/10.1164/ajrccm.162.2.9909095
https://dx.doi.org/10.1136/bmj.315.7109.629
https://dx.doi.org/10.1016/j.jcrc.2007.11.014
https://dx.doi.org/10.1016/j.jcrc.2007.11.014
https://dx.doi.org/10.1007/s00134-010-1841-5
https://dx.doi.org/10.1007/s00134-010-1841-5
https://dx.doi.org/10.1086/677144
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638

E12

Research Original Investigation

64. Fernando SM, Tran A, Cheng W, et al. Diagnosis
of ventilator-associated pneumonia in critically ill
adult patients—a systematic review and
meta-analysis. Intensive Care Med. 2020;46(6):
1170-1179. doi:10.1007/s00134-020-06036-z

65. Klompas M. Interobserver variability in
ventilator-associated pneumonia surveillance. Am J
Infect Control. 2010;38(3):237-239. doi:10.1016/j.
2jic.2009.10.003

66. Stevens JP, Kachniarz B, Wright SB, et al. When
policy gets it right: variability in US hospitals
diagnosis of ventilator-associated pneumonia. Crit
Care Med. 2014;42(3):497-503. doi:10.1097/CCM.
0b013e3182a66903

Association Between Daily Toothbrushing and Hospital-Acquired Pneumonia

67. Klein Klouwenberg PM, Ong DS, Bos LD, et al.
Interobserver agreement of Centers for Disease
Control and Prevention criteria for classifying
infections in critically ill patients. Crit Care Med.
2013;41(10):2373-2378. doi:10.1097/CCM.
0b013e3182923712

68. Hutchins K, Karras G, Erwin J, Sullivan KL.
Ventilator-associated pneumonia and oral care:

a successful quality improvement project. Am J
Infect Control. 2009;37(7):590-597. doi:10.1016/j.
2jic.2008.12.007

69. Ross A, Crumpler J. The impact of an
evidence-based practice education program on the
role of oral care in the prevention of

JAMA Internal Medicine Published online December 18,2023

ventilator-associated pneumonia. Intensive Crit
Care Nurs. 2007;23(3):132-136. doi:10.1016/j.iccn.
2006.11.006

70. Ory J, Raybaud E, ChabanneR, et al.
Comparative study of 2 oral care protocols in
intensive care units. Am J Infect Control. 2017;45(3):
245-250. doi:10.1016/j.3jic.2016.09.006

71. Wolfensberger A, Clack L, von Felten S, et al.
Prevention of non-ventilator-associated
hospital-acquired pneumonia in Switzerland: a type
2 hybrid effectiveness-implementation trial. Lancet
Infect Dis. 2023;23(7):836-846. doi:10.1016/
$1473-3099(22)00812-X

jamainternalmedicine.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Aga Khan University user on 01/13/2024


https://dx.doi.org/10.1007/s00134-020-06036-z
https://dx.doi.org/10.1016/j.ajic.2009.10.003
https://dx.doi.org/10.1016/j.ajic.2009.10.003
https://dx.doi.org/10.1097/CCM.0b013e3182a66903
https://dx.doi.org/10.1097/CCM.0b013e3182a66903
https://dx.doi.org/10.1097/CCM.0b013e3182923712
https://dx.doi.org/10.1097/CCM.0b013e3182923712
https://dx.doi.org/10.1016/j.ajic.2008.12.007
https://dx.doi.org/10.1016/j.ajic.2008.12.007
https://dx.doi.org/10.1016/j.iccn.2006.11.006
https://dx.doi.org/10.1016/j.iccn.2006.11.006
https://dx.doi.org/10.1016/j.ajic.2016.09.006
https://dx.doi.org/10.1016/S1473-3099(22)00812-X
https://dx.doi.org/10.1016/S1473-3099(22)00812-X
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638

