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Association Between Daily Toothbrushing
and Hospital-Acquired Pneumonia

A Systematic Review and Meta-Analysis

Ve |

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 souRCceS Asearch 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% CI, 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
ashorter 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.
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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
ratesassociated with nonventilator HAP (NV-HAP) are similar to
those of ventilator-associated pneumonia (VAP).?"*

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
toreduce 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.”**
Furthermore, itisnot 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 VAPrates, 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 compli-
cations 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-analyses?>*! that reported toothbrushing was associ-
ated with significantly lower VAP rates, shorter duration of
mechanical ventilation, and shorter ICU stay. These meta-
analyses were small, however, and did not include many re-
cent and potentially pertinent studies. In addition, other
meta-analyses®**?* 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.

! I ospital-acquired pneumonia (HAP) is the most common

Methods
gistration

Protocol and Reg
The protocol for this systematic review and meta-analysis was
registered with PROSPERO (CRD42023392906). The study
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Association Between Daily Toothbrushing and Hospital-Acquired Pneumonia

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 (eTable1in
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: Clini-
calTrials.gov, the International Standard Randomized Controlled
Trial Number Registry, and the International Clinical Trials Reg-
istry Platform. We further searched the reference lists of articles
that met inclusion criteria and recent review articles?®--21.26-29
and queried Google Scholar for similar articles for all included
studies. No date or language restrictions 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 keywords
related to toothbrushing and HAP and was adapted as needed
for each database and registry (eMethods 1 in Supplement 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 least1 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.

Study Selection and Data Extraction
Tworeviewers (S.E. and M.K.) independently screened all titles
and abstracts to assess eligibility. Full-text articles from poten-
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tially eligible studies were further reviewed for inclusion. Dis-
crepancies between reviewers were resolved through discussion
and consensus. Study selection and data extraction were per-
formed using Covidence software and a standardized data ex-
traction form.*° Data were extracted by the 2 reviewers indepen-
dently, and inconsistencies were resolved through consensus
discussions. Extracted data included study characteristics, in-
tervention and control group procedures, funding sources, HAP
rates, mortality, hospital length of stay, ICU length of stay, dura-
tion of mechanical ventilation, and use of antibiotics (data col-
lection form in eMethods 2in Supplement 1). When primary out-
come data were incomplete or inconsistently reported, authors
were contacted for clarification. The study was excluded if nore-
sponse was received within 4 weeks and clarification was nec-
essary to determine study eligibility. If a study included multiple
groups, only pertinent groups were extracted.*-*?

Risk of Bias and Quality Assessment

Bothreviewers (S.E. and M.K.) independently assessed risk of
biasin allincluded studies using the Cochranerisk of bias tem-
plate for randomized clinical trials.*® Inconsistencies were
resolved through consensus discussions. The Grading of Rec-
ommendations, Assessment, Development, and Evaluation
(GRADE) framework was used to evaluate certainty of evi-
dence and strength of recommendations.*"

ntitative 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 continuous outcomes with 95% CIs. We used RevMan
Web to conduct 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.% Pre-
specified subgroup analyses included patients receiving
invasive mechanical ventilation vs those who were not,
toothbrushing 2 times vs 3 or more times daily, toothbrush-
ing provided by a dental professional vs general nursing
staff, electrical vs manual toothbrushing, and low vs high
risk of bias studies. These steps were performed in accor-
dance with the Cochrane Handbook.?”

Results

Description of Included Studies

A PRISMA flowchart depicting the study selection process is
shown in Figure 1.%® 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,*-***1 from
a registry,*? and 3 through manual review of references
or Google Scholar*®-*'). The Table summarizes included stud-
ies. Three studies were conducted in Iran,*%:?9:%° 3 in
Brazil,*»*%>°' 2in India,**** 2 in Spain,***® 2 in China,*-*° and
1each in the US,*” Malaysia,*® and Taiwan. *® Most studies were
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in English,*°-*° 1 was translated from Portuguese,”! 2 from
Chinese,*-*° and 2 from Persian.*>*% Study publication 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 control groups.*” We cal-
culated effective sample sizes for this study using the intra-
cluster correlation coefficient per the Cochrane Handbook
(eMethods 3 in Supplement 1). Follow-up among all studies var-
ied from 5 to 28 days or until pneumonia diagnosis, extuba-
tion, or discharge. Three studies only followed up patients
for pneumonia for 5 days.*+*** In most studies, teeth were
brushed 2 times*3-4%4348 or 3 times*%-44-46-49-3! daily, 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®"-3?-*%434%:47:49.50 were 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.
However, we identified 10 studies??39-42.44-46.48.51 where the
investigators assessing outcomes were blinded to patients’
group assignments. Taking into account bias in all domains,
7 studies*!-42-44-46.4851 ywere deemed at low risk of bias.
Publication bias was assessed among studies reporting on
HAP. We did not assess for publication bias using other out-
comes because the Cochrane Handbook does not recom-
mend asymmetry assessment with less than 10 studies. A fun-
nel plotusing HAP as the outcome (eFigure lin Supplement 1)
visually suggested asymmetry, indicating possible small study
effect or publication bias, but regression test results for fun-
nel 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 studies®"-*1-13-16.48-51 included patients re-
ceiving mechanical ventilation in the ICU, 1 included hospi-
talized patients who were not receiving invasive mechanical
ventilation,*” and 1 included 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 pa-
tients had tracheotomies.

Adjunctive Interventions

Chlorhexidine gluconate was used in both the toothbrushing
and the control groups in 11 studies.*>?'1%->! The remain-
ing studies used plaque-removing toothpaste,*” saline,*
povidone-iodine,*° or purified water*® in both study groups.

Adverse Events
Four studies*?**#%4? reported on adverse events. One study*”
reported that patients randomized to toothbrushing had more
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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.

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.**16:12

Incidence of HAP (VAP and NV-HAP)

Thirteen studies (2557 patients)®!-32-39:41-49.51 jnclyded data
on HAP (including both VAP and NV-HAP). Patients random-
ized to toothbrushing had significantly lower HAP rates (RR,
0.67 [95% CI, 0.56-0.81]; I? = 0%) (Figure 3). Twelve studies
reported on VAP (1744 patients).?!-32:39:41-46,48,49.51 Tooth-
brushing 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 reported on NV-HAP (n = 813).4%**” One of these
studies included patients in the ICU who did not receive
invasive mechanical ventilation (n = 60).*? The other was a
non-ICU cluster randomized trial (effective sample size, 753
patients) (eMethods 3 in Supplement 1).4” The cluster ran-
domized trial reported a significant reduction in NV-HAP in
medical units (85% risk reduction [P = .002]) but not in sur-
gical units (56% risk reduction [P = .29]). On meta-analysis
of the 2 studies with NV-HAP data, RR was 0.32 (95% CI,
0.05-2.02; I? = 0%).

JAMA Internal Medicine February 2024 Volume 184, Number 2

Findings were similar on sensitivity analysis limited to the
7 studies with low risk of bias (1367 patients),*!-42.44-16.48.51 4]
of which focused on patientsin 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*!-47-44-45.51 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% (I, 0.44-0.91]), 3 times daily toothbrushing (RR, 0.77
[95% CI, 0.53-1.111), and 4 times daily toothbrushing (RR, 0.69
[95% CI, 0.33-1.43]) (eFigure 2 in Supplement 1), This finding
was consistent among 6 studies at low risk of bias*!-11-16.18.51
(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).4-43.45.46.50
Toothbrushing was associated with significantly lower ICU
mortality (RR, 0.81 [95% CI, 0.69-0.95]; I* = 0%) (Figure 4).
Sensitivity analysis restricted to the 4 studies at low risk of bias
yielded a similar effect estimate but broader 95% CIs that in-
cluded 1.00 (RR, 0.86 [95% CI, 0.71-1.04]; I = 0%).*1-42:45.46
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assessors

Yes

End of follow-up

Pneumonia definition

Control

Setting Intervention
ICU

patients
53

Country

Source

9d(7d
Intervention)

secretions, blood oxygenation, chest
radiographic results, progression of

pulmonary infiltrate, and tracheal
aspirate culture (according to Singh

VAP defined as modified CPIS >6,
temperature, leukocytes, tracheal
etal)®®

including the parameters

Once-daily usual oral care with oral
swabs or cotton swabs and twice
daily mock care for 10-15 min; lips
were moisturized using an oral swab
with purified water

(duration 15-20 min) and daily usual

oral care

tube and rinsing with purified water
Abbreviations: BOAS, Beck Oral Assessment Scale; CDC, Centers for Disease Control and Prevention;

teeth’s facial sides with an electric
cavity with purified water, cleansing
lingual sides and massaging tongue,
gums, and mucosa with a soft child
toothbrush; cleaning oral cavity with
oral swab connected to the suction

Twice-daily toothbrushing the
toothbrush, moisturizing the oral

Taiwan

Yao et al,*® 2011

jamainternalmedicine.com

© Because pneumonia was defined only by positive culture yield, this study was excluded from the pneumonia

meta-analysis and analyzed only for the outcomes of duration of ventilation and mortality.

CFU, colony-forming unit; CPIS, Clinical Pulmonary Infection Score; ETT, endotracheal tube; ICU, intensive care
unit; NHSN, National Healthcare Safety Network: NV-HAP, nonventilator hospital-associated pneumonia;

RCT, randomized clinical trial; VAP, ventilator-associated pneumonia.

9 Because pneumonia was assessed and reported on multiple days defined by a CPIS value of 6 or more,

a cumulative total number of pneumonia cases could not be extracted. Therefore, this study was excluded from

the pneumonia meta-analysis and analyzed only for the outcome of duration of hospitalization.

* The target frequency of toothbrushing 4 times/d was not met in any of the intervention units but was

supplemental comprehensive oral care procedures (eg, lubrication of lips with vitamins A and D) and was

excluded to ensure best comparability between the study arms among the included studies.

“The study was conducted with 3 groups with 30 people in each group (n = 90). The first group included multiple

significantly higher than on any of the control units.
b The study was conducted with 3 groups (n = 120). The third group (n = 40) was excluded as it contained

a traditional Chinese medicine intervention and was not relevant to our study question.

Original Investigation Research

Duration of Mechanical Ventilation

Seven studies (n = 1285)*-4%4.46.48.50 raported on duration of
mechanical ventilation. Toothbrushing was associated with sig-
nificantly 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, **?-*>46:45 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 I? = 0% in the sensitivity analysis).

ICU Length of Stay

Six studies (n = 1284) reported on ICU length of stay.*' 3454648
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, #-42:454648 toth-
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).%%*/
Both studies had a high or unclear risk of bias in multiple do-
mains. One study included patients in the ICUreceiving invasive
mechanical ventilation,*® while the other included patients in
medical and surgical wards not receiving ventilation.*” Neither
study found an association with reduced hospital length of stay.
These studies were not combined for meta-analysis because
of the differences in their populations.

Antibiotic Use

Three studies reported on use of antibiotics (n = 667),%4%4¢
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, -2.82t01.79];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 studies*!-**9-41-43-50 gra] 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 HAPrates.*? Two studies*®-*®
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
framework?>* 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 pneu-
monia, given the subjectivity of the diagnosis and the impos-
sibility of blinding the individuals performing oral care. We also
considered possible publication bias given visual asymmetry
in the funnel plot (eFigure 1 in Supplement 1) but did not fur-
ther downgrade the evidence because the Egger test result was
not significant. For the outcomes of hospital length of stay and
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Figure 2. Risk of Bias Summary

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias?
»
’\9\,\0 ,’9‘@‘\ "9\') R "9(\ . &
& & &
< & & & & ¢
o & N & 08*‘9
< 3
S
§>\
Green plus signs indicate low risk of bias; yellow question marks, unclear risk convenience sampling. Giuliano et al*” had an unclear risk of bias owing
of bias; and red minus signs, high risk of bias. to industry supplying toothbrushing kits.
2 Salarzehi et al*2 and Falahinia et al*® had a high risk of bias owing to
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% CI) toothbrushing : controls %
1.1.1VAP
Bellissimo-Rodrigues et al,42 2014 8 98 17 96 0.46(0.21-1.02) — 53
Chacko et al,%4 2017 5 104 7 102 0.70(0.23-2.14) S 2.7
de Lacerda Vidal et al,4! 2017 17 105 28 108 0.62 (0.36-1.07) R 115
Falahinia et al,39 2016 19 34 21 34 0.90 (0.61-1.35) —— 21.0
Félix,>1 2016 b § 30 3 28 0.31(0.03-2.82) ; 0.7
Gong et al,3! 2018 9 40 13 40 0.69(0.33-1.43) — 6.3
Khan et al,4® 2017 0 4 b 5 0.40 (0.02-7.82) 0.4
Lorente et al,*5 2012 21 217 24 219 0.88(0.51-1.54) —— 10.8
Pobo et al,46 2009 15 74 18 73 0.82 (0.45-1.50) i 9.1
Salarzehi et al,32 2021 1 30 5 30 0.20(0.02-1.61) g 0.8
Singh et al, 43 2022 32 110 52 110 0.62 (0.43-0.88) - 26.9
Yaoetal, 442011 4 28 14 25 0.26 (0.10-0.67) s inny 35
Subtotal 132 874 203 870 0.68 (0.57-0.82) @ 99.0
Heterogeneity: 1= 0.00; x§1= 10.37 (P=.50); 2=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) 03
Giuliano et al,47 20212 1 393 3 360 0.31(0.03-2.92) 0.7
Subtotal 1 a2 4 391 0.32 (0.05-2.02) e 1.0
Heterageneity: 1=0.00; x{=0.01 (P=.94); 12=0%
Test for overall effect: z=1.21 (P=.23)
Total 133 1296 207 1261 0.67 (0.56-0.81) 0 100.0
Heterogeneity: 12=0.00; )(213-11.01 (P=.61); 12=0% o P + 5 )

Test for overall effect: z=4.23 (P<.001)

Test for subgroup differences: x11= 0.63 (P=.43); 12=0% RR (95% C1)
Data were synthesized using inverse-variance random-effects models, with 2 Reduced to effective sample sizes by calculating intraclass correlation and
effect sizes expressed as risk ratios (RR). NV-HAP indicates nonventilator HAP; design effect according to the Cochrane Handbook.
VAP, ventilator-acquired pneumonia. Size of markers indicates the relative
weight of each study within the meta-analysis.
138 JAMA Internal Medicine February 2024 Volume 184, Number 2 jamainternalmedicine.com
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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% (1) toothbrushing : control %
2.1.1 Low risk of bias H
Bellissimo-Rodrigues et al,%2 2014 37 127 40 127 0.93 (0.64-1.34) —I—— 17.1
de Lacerda Vidal et al,4! 2017 20 105 27 108 0.76 (0.46-1.27) _____.__._ 9.1
Lorente et al, %5 2012 62 217 69 219 0.91(0.68-1.21) —. 289
Pobo et al, 6 2009 16 74 23 73 0.69 (0.40-1.19) —.—-——- 79
Subtotal 135 523 159 527 0.86 (0.71-1.04) <> 63.0
Heterogeneity: 12=0.00; )(23 =1.14 (P=.77); 1?=0% :
Test for overall effect: z=1.54 (P=.12)
2.1.2 Unclear/high risk of bias
Long et al,50 2012 3 31 5 30 0.58(0.15-2.22) 13
Singh et al,43 2022 49 110 66 110 0.74 (0.57-0.96) —I— 35.7
Subtotat 52 141 71 140 0.74 (0.57-0.95) <> 37.0
Heterogeneity: 12= 0.00; )(2I =12(P=.72); 12=0%
Test for overall effect: 2=2.37 (P=.02)
Total 187 664 230 667 0.81 (0.69-0.95) 100.0
Heterogeneity: 12=0.00; X3=2.16 (P=.83); 2=0% 02 o5 o7 1 2 3
Test for overall effect: z=2.66 (P=.008) RR (95% CI)

Test for subgroup differences: le =0.89 (P=.34); 2=0%

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.

use of antibiotics, the strength of the recommendation was very
low due to individual study limitations, imprecision, and pos-
sible publication bias.

foeein 2 e
Discussion

A systematic review 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 me-
chanical 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 guidelines
and care improvement initiatives®** recommended routine
oral care with chlorhexidine for patients undergoing invasive
mechanical ventilation. Subsequent analyses'” questioned this
recommendation, however, because of a possible association
between oral care with chlorhexidine and higher mortality rates
and uncertainty whether chlorhexidine truly lowers pneumo-
nia rates. This led to a tempering or withdrawal of recommen-
dations for oral chlorhexidine in subsequent guidelines, leav-
ing frontline clinicians uncertain on whether and how best to
provide oral care to prevent pneumonia. Our analysis helps
clarify that toothbrushing may be an effective strategy to pre-
vent 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 sub-

jamainternalmedicine.com

jective (eg, radiographic interpretation), nonspecific (eg, fever
and abnormal white blood cell count), and variably sensitive (eg,
positive culture yields) components.>?° These limitations of
pneumonia diagnostic criteria complicate the interpretation
of prevention studies and introduce risk of bias, particularly in
open-label studies. Our findings were consistent, however, on
sensitivity analysis restricted to studies in which the individu-
als assessing for pneumonia were blinded to patients’ treat-
ment assignments and in which there was no clear risk of bias
in any other domain. Blinding outcomes assessment 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 me-
chanical ventilation, and shorter ICU length of stay adds confi-
dence that the observed association between toothbrushing and
lower VAP rates was not spurious. The mortality signal was no
longer significant in a sensitivity analysis restricted to studies
at low risk of bias, but this may reflect diminished power, as the
effect estimate was similar 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
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?9-24.26.29 have reported mixed results.
Older meta-analyses??2*-?¢ reported no association between

JAMA Internal Medicine February 2024 Volume 184, Number 2

© 2023 American Medical Association. All rights reserved.

Jownloaded from jamanetwork.com by Katerina Vaporidi on 03/26/2026

139



Research Original Investigation

toothbrushing and lower pneumonia rates, while more recent
studies®?*~*° have reported a positive association with lower VAP
rates, but not with lower mortality rates. Our analysis includes
substantially more studies than prior analyses, thus providing
amore comprehensive and better powered assessment. Our re-
sults echo the findings of multiple preintervention and postinter-
vention studies that reported decreases in VAP rates after imple-
menting oral care protocols to prevent VAP**7” and NV-HAP.”'

Although toothbrushing is an everyday action, the rigor, in-
tensity, and frequency of toothbrushing may affect its capacity
to prevent pneumonia and improve other outcomes. We found
no evidence that brushing 3 or more times a day confers addi-
tional benefit over brushing 2 times a day. Subgroup analyses of
care provided by dental professionals vs nondental nursing staff
and on the use of electric vs manual toothbrushes included very
few studies, thus precluding clear insight into the relative ben-
efits of these strategies. Other questions we were unable to an-
swer 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 tooth-
brushing and selective digestive tract decontamination. Similarly,
we did not have patient-level data to assess whether effects dif-
fered 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 mor-

Association Between Daily Toothbrushing and Hospital-Acquired Pneumonia

tality 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. Re-
sults were consistent, however, in the 7 studies with low risk of
bias and a minimum of 7 days of follow-up*!-4%-44-46.48.51 anq jn
5 studies at low risk of bias that followed up patients through
extubation or 28 days.""*?>**-%-%! Third, a funnel plot showed
asymmetry and thus possible publication bias. Fourth, very few
studies included patients who were not receiving invasive me-
chanical ventilation and those not in the ICU, thus limiting con-
fidence in the effect of toothbrushing in these populations. Fifth,
studies were heterogeneous with regard to country, setting, nurs-
ing protocols, and adjunctive measures. None of the studies
among patients receiving invasive mechanical ventilation was
performed in the US. Sixth, toothbrushing may have been a proxy
for additional measures to prevent aspiration insofar as random-
izing patients to toothbrushing may have sensitized nurses to
patients’ aspiration risk, leading them to be more vigilant.

SO
Conclusions

The findings of this systematic review and meta-analysis of
15randomized clinical trials suggest that oral care with tooth-
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-
pared with routine oral care without toothbrushing, These find-
ings suggest the importance of developing policies and pro-
grams to encourage daily toothbrushing in hospitalized
patients, particularly those receiving mechanical ventilation.
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Dally Toothbrushmg to Prevent Hospital-Acquired Pneumonia—

Brushing Away the Risk

Rupak Datta, MD, PhD

Often overlooked and understudied, oral care is critical to
health, quality of life, and prevention of infection such as
hospital-acquired pneumonia (HAP). HAP is classified into
ventilator-associated pneumonia (VAP) and nonventilator
HAP (NV-HAP), with both leading to poor outcomes."* HAP

is largely due to aspiration

+] of microflora from the oral
Multimedia microbiome, a complex and
[ highly diverse ecosystem

Related article page 131 with an estimated 700 spe-
cies of bacteria, fungi, vi-
ruses, and protozoa.* Extensive data from epidemiological,
microbiological, and molecular studies have established a link
between the oral microbiome, oral health, dental plaques, and
periodontal disease and the development of pneumonia. Ac-
cordingly, rigorous oral care is recommended to prevent HAP.5
However, the precise components of oral care remain unclear
due in large part to conflicting studies with respect to oral
chlorhexidine. Chlorhexidine gluconate is a cationic antisep-

tic with broad-spectrum activity against bacteria, fungi, and

JAMA Internal Medicine February 2024 Volume 184, Number 2

enveloped viruses that alters cell membrane permeability and
prevents biofilm formation. Historically, chlorhexidine glu-
conate oral rinses were included in VAP prevention bundles
based on a meta-analysis demonstrating a 30% to 40% de-
crease in VAP.“ However, a subsequent systematic review and
meta-analysis of randomized clinical trials from general in-
tensive care unit (ICU) settings found that chlorhexidine was
associated with increased mortality (odds ratio, 1.25; 95% CI,
1.05-1.50).” These conflicting studies left the field with a lack
of clarity on strategies to prevent HAP,

In this issue of JAMA Internal Medicine, Ehrenzeller and
Klompas attempt to address this knowledge gap and circumvent
the controversy around chlorhexidine by focusingon a simpleand
seemingly innocuous strategy to prevent HAP: toothbrushing.®
Ina well-designed systematic review and meta-analysis of ran-
domized clinical trials of hospitalized adults, the authors sought
to determine whether daily toothbrushing was associated with
lower rates of HAP. Secondary outcomes included mortality,
length of stay, duration of mechanical ventilation, and antibiotic
use, All studies were screened independently by the authors to

jamainternalmedicine.com

© 2023 American Medical Association. All rights reserved.

Jownloaded from jamanetwork.com by Katerina Vaporidi on 03/26/2026



