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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% CI, 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% CI,
0.57-0.82) but not for patients who were not receiving invasive mechanical ventilation
(RR, 0.32 [95% CI, 0.05-2.02]). Toothbrushing for patients in the ICU was associated with
fewer days of mechanical ventilation (mean difference, −1.24 [95% CI, −2.42 to −0.06] days)
and a shorter ICU length of stay (mean difference, −1.78 [95% CI, −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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H 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.1-4

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).2-5

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.6-8 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.9-12

Furthermore,it isnotclearwhetherchlorhexidinepreventspneu-
monia: a meta-analysis of double-blinded randomized clinical
trials12 showed no association between oral care with chlorhexi-
dine and lower VAP rates, and a cluster randomized trial inves-
tigating the discontinuation of chlorhexidine13 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.14,15 Pre-
vention guidelines, however, have traditionally not empha-
sized toothbrushing, and consequently, practices vary widely
between hospitals.16-18 The latest guidelines from the Society
for Healthcare Epidemiology of America recommend “daily oral
care with toothbrushing but without chlorhexidine”19 based on
2 meta-analyses20,21 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-analyses22-24 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

followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) reporting guideline (eTable 1 in
Supplement 1) and the Cochrane Handbook of Systematic
Reviews of Interventions, version 6.3.25

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 articles20,21,24,26-29 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 1 in 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.

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.
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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.30 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.31,32

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.33 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.34

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.35 Heterogeneity was assessed using the I2

statistic and χ2 test. A funnel plot was created and the Egger
test was performed to quantify asymmetry using the metafor36

package in RStudio, version 4.2.2.37 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.25

Results
Description of Included Studies
A PRISMA flowchart depicting the study selection process is
shown in Figure 1.38 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,31,39-48 1
from a registry,32 and 3 through manual review of references
or Google Scholar49-51). The Table summarizes included

studies. Three studies were conducted in Iran,32,39,40 3 in
Brazil,41,42,51 2 in India,43,44 2 in Spain,45,46 2 in China,31,50

and 1 each in the US,47 Malaysia,49 and Taiwan.48 Most stud-
ies were in English,40-49 1 was translated from Portuguese,51

2 from Chinese,31,50 and 2 from Persian.32,39 Study publica-
tion dates spanned 2009 to 2022. One study was a doctoral
dissertation.51 One study was a cluster trial that randomized
hospital wards rather than patients to intervention vs con-
trol groups.47 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.3 1 , 3 2 , 3 9 In most studies, teeth were brushed 2
times39-41,43,48 or 3 times32,44-46,49-51 daily, ranging from 4 to
5 times a week42 to 4 times daily.31,47

Quality Assessment
Study quality assessments are summarized in Figure 2. Eight
of the 15 included studies31,32,39,43,45,47,49,50 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. How-
ever, we identified 10 studies32,39-42,44-46,48,51 where the in-
vestigators assessing outcomes were blinded to patients’ group
assignments. Taking into account bias in all domains, 7
studies41,42,44-46,48,51 were 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 1 in 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.60

Participants
Among the 15 studies that met inclusion criteria, including
10 742 patients, 13 studies31-41,43-46,48-51 included patients re-
ceiving mechanical ventilation in the ICU, 1 included hospi-
talized patients who were not receiving invasive mechanical
ventilation,47 and 1 included patients in the ICU receiving and
not receiving mechanical ventilation.42 In total, there were
2033 ICU patients and 8097 non-ICU patients. After reducing
the cluster randomized trial47 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,45 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,47 saline,31

povidone-iodine,50 or purified water48 in both study groups.
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Adverse Events
Four studies42,44,46,49 reported on adverse events. One study42

reported that patients randomized to toothbrushing had more
mucosal irritation 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.44,46,49

Incidence of HAP (VAP and NV-HAP)
Thirteen studies (2557 patients)31,32,39,41-49,51 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]; I2 = 0%) (Figure 3). Twelve studies re-
ported on VAP (1744 patients).31,32,39,41-46,48,49,51 Toothbrush-
ing was associated with significantly lower VAP rates (RR, 0.68
[95% CI 0.57-0.82]; I2 = 0%), corresponding to a number
needed to treat of 12 to prevent 1 VAP case. Two studies re-
ported on NV-HAP (n = 813).42,47 One of these studies in-
cluded patients in the ICU who did not receive invasive me-
chanical ventilation (n = 60).42 The other was a non-ICU cluster
randomized trial (effective sample size, 753 patients) (eMethods
3 in Supplement 1).47 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-

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),41,42,44-46,48,51 all
of which focused on patients in the ICU (RR, 0.64 [95% CI,
0.48-0.85]; I2 = 8%). Findings were also similar in 5 studies at
low risk of bias41,42,44,46,51 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 bias41,44-46,48,51 (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).41-43,45,46,50

Toothbrushing was associated with significantly lower ICU
mortality (RR, 0.81 [95% CI, 0.69-0.95]; I2 = 0%) (Figure 4).

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.

Research Original Investigation Association Between Daily Toothbrushing and Hospital-Acquired Pneumonia

E4 JAMA Internal Medicine Published online December 18, 2023 (Reprinted) 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://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2023.6638?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638


Ta
bl

e.
Ch

ar
ac

te
ris

tic
so

fI
nc

lu
de

d
St

ud
ie

s

So
ur

ce
Co

un
tr

y
N

o.
of

pa
tie

nt
s

Se
tt

in
g

Pr
oc

ed
ur

e

Pn
eu

m
on

ia
de

fin
iti

on
En

d
of

fo
llo

w
-u

p

Bl
in

de
d

ou
tc

om
e

as
se

ss
or

s
In

te
rv

en
tio

n
Co

nt
ro

l
Be

lli
ss

im
o-

Ro
dr

ig
ue

s
et

al
,4

2
20

14
Br

az
il

25
4

IC
U

Th
ric

e-
da

ily
ro

ut
in

e
ca

re
an

d
to

ot
hb

ru
sh

in
g

4-
5

tim
es

/w
k

pe
rf

or
m

ed
by

a
de

nt
al

su
rg

eo
n

w
ith

so
ft

ch
ild

to
ot

hb
ru

sh
,t

on
gu

e
sc

ra
pi

ng
,

ca
lc

ul
us

re
m

ov
al

,a
tr

au
m

at
ic

re
st

or
at

iv
e

tr
ea

tm
en

to
fc

ar
ie

s,
te

et
h

ex
tr

ac
tio

n,
an

d
or

al
ap

pl
ic

at
io

n
of

ch
lo

rh
ex

id
in

e

Th
ric

e-
da

ily
or

al
ca

re
by

or
al

ca
vi

ty
cl

ea
ni

ng
w

ith
sp

at
ul

a
w

ra
pp

ed
in

ga
uz

e,
fo

llo
w

ed
by

to
pi

ca
l

ap
pl

ic
at

io
n

ch
lo

rh
ex

id
in

e,
0.

12
%

or
0.

2%
(d

ep
en

di
ng

on
co

ns
ci

ou
sn

es
s)

VA
P

an
d

N
V-

H
AP

de
fin

ed
by

CD
C’

sN
H

SN
su

rv
ei

lla
nc

e
de

fin
iti

on
of

he
al

th
ca

re
–a

ss
oc

ia
te

d
in

fe
ct

io
n

(a
cc

or
di

ng
to

CD
C)

5
2

48
h

Af
te

rI
CU

di
sc

ha
rg

e
Ye

s

Ch
ac

ko
et

al
,4

4
20

17
In

di
a

20
6

IC
U

Th
ric

e-
da

ily
to

ot
hb

ru
sh

in
g

an
d

to
ng

ue
br

us
hi

ng
w

ith
ch

lo
rh

ex
id

in
e,

0.
2%

,i
n

th
e

or
al

ca
vi

ty

Th
ric

e-
da

ily
or

al
ca

re
by

sw
ab

bi
ng

w
ith

sp
on

ge
ss

oa
ke

d
in

ch
lo

rh
ex

id
in

e,
0.

2%

VA
P

de
fin

ed
as

pa
tie

nt
re

ce
iv

in
g

ve
nt

ila
tio

n;
ab

no
rm

al
ch

es
tr

ad
io

gr
ap

hi
c

fin
di

ng
su

gg
es

tiv
e

of
pn

eu
m

on
ia

;f
ev

er
or

hy
po

th
er

m
ia

;l
eu

ko
pe

ni
a

or
le

uk
oc

yt
os

is
;

pu
ru

le
nt

en
do

tr
ac

he
al

as
pi

ra
te

or
in

cr
ea

se
d

re
sp

ira
to

ry
se

cr
et

io
ns

or
su

ct
io

n;
w

or
se

ni
ng

ga
se

xc
ha

ng
e

or
in

cr
ea

si
ng

ox
yg

en
de

m
an

d
(if

on
ly

th
e

la
st

2
ar

e
pr

es
en

t,
th

en
po

si
tiv

e
cu

ltu
re

yi
el

d
ne

ed
ed

ac
co

rd
in

g
to

CD
C

gu
id

el
in

es
va

lid
in

20
14

)

IC
U

di
sc

ha
rg

e
Ye

s

de
La

ce
rd

a
Vi

da
l

et
al

,4
1

20
17

Br
az

il
21

3
IC

U
Tw

ic
e-

da
ily

to
ot

hb
ru

sh
in

g
an

d
br

us
hi

ng
of

al
l

su
rf

ac
es

,t
on

gu
e,

an
d

m
uc

os
al

su
rf

ac
e

of
th

e
m

ou
th

w
ith

a
to

ot
hb

ru
sh

w
ith

sm
al

la
nd

so
ft

br
is

tl
es

,a
nd

de
nt

al
ge

lb
as

ed
on

ch
lo

rh
ex

id
in

e,
0.

12
%

Tw
ic

e-
da

ily
or

al
ca

re
by

sw
ab

bi
ng

al
l

to
ot

h
su

rf
ac

es
,t

on
gu

e,
an

d
m

uc
os

al
su

rf
ac

es
of

th
e

m
ou

th
an

d
ap

pl
yi

ng
ch

lo
rh

ex
id

in
e,

0.
12

%
,o

ra
ls

ol
ut

io
n

Su
sp

ec
te

d
VA

P
de

fin
ed

as
ne

w
or

pr
og

re
ss

iv
e

pu
lm

on
ar

y
in

fil
tr

at
e

on
ch

es
t

ra
di

og
ra

ph
ic

fin
di

ng
an

d
≥2

of
3

cl
in

ic
al

cr
ite

ria
(f

ev
er

,l
eu

ko
cy

to
si

so
rl

eu
ko

pe
ni

a,
pu

ru
le

nt
re

sp
ira

to
ry

se
cr

et
io

ns
).

Co
nf

irm
ed

VA
P

de
fin

ed
as

ba
ct

er
ia

l
gr

ow
th

of
en

do
tr

ac
he

al
as

pi
ra

te
sa

nd
br

on
ch

oa
lv

eo
la

rl
av

ag
e

w
ith

va
lu

es
≥1

06

CF
U/

m
L

an
d

≥1
04

CF
U/

m
L

(a
cc

or
di

ng
to

th
e

Am
er

ic
an

Th
or

ac
ic

So
ci

et
y)

5
3

Da
y

28
,d

ea
th

,
ex

tu
ba

tio
n,

or
IC

U
di

sc
ha

rg
e

Ye
s

Fa
la

hi
ni

a
et

al
,3

9

20
16

Ir
an

68
IC

U
Tw

ic
e-

da
ily

to
ot

hb
ru

sh
in

g
w

ith
so

ft
ch

ild
to

ot
hb

ru
sh

an
d

ch
lo

rh
ex

id
in

e,
0.

2%
,f

or
3

m
in

Tw
ic

e-
da

ily
or

al
ca

re
w

ith
ga

uz
e

sw
ab

so
ak

ed
in

ch
lo

rh
ex

id
in

e,
0.

2%
VA

P
de

fin
ed

as
CP

IS
≥6

,i
nc

lu
di

ng
th

e
pa

ra
m

et
er

st
em

pe
ra

tu
re

,l
eu

ko
cy

te
s,

tr
ac

he
al

se
cr

et
io

ns
,b

lo
od

ox
yg

en
at

io
n,

ch
es

tr
ad

io
gr

ap
hi

c
re

su
lts

,a
nd

tr
ac

he
al

as
pi

ra
te

cu
ltu

re
(a

cc
or

di
ng

to
Pu

gi
n

et
al

)5
4

5
d

(D
ur

at
io

n
of

in
te

rv
en

tio
n)

Ye
s

Fé
lix

,5
1

20
16

Br
az

il
58

IC
U

Tw
ic

e-
da

ily
to

ot
hb

ru
sh

in
g

w
ith

to
ot

hb
ru

sh
so

ft
br

is
tl

es
so

ak
ed

in
ch

lo
rh

ex
id

in
e,

0.
12

%
Tw

ic
e-

da
ily

or
al

ca
re

w
ith

ga
uz

e
so

ak
ed

in
ch

lo
rh

ex
id

in
e,

0.
12

%
VA

P
de

fin
ed

by
Di

ag
no

st
ic

Cr
ite

ria
fo

r
H

ea
lth

ca
re

-R
el

at
ed

In
fe

ct
io

ns
(a

cc
or

di
ng

to
N

at
io

na
lB

ra
zi

lG
ui

de
lin

es
)5

5

Ex
tu

ba
tio

n,
VA

P
di

ag
no

si
s

Ye
s

Gi
ul

ia
no

et
al

4
7

20
21

US
87

09
(E

ff
ec

tiv
e

sa
m

pl
e

si
ze

,7
53

)

2
M

ed
ic

al
an

d
2

su
rg

ic
al

w
ar

ds
(C

lu
st

er
RC

T)

To
ot

hb
ru

sh
in

g
4

tim
es

/d
w

ith
so

ft
to

ot
hb

ru
sh

es
w

ith
pl

aq
ue

-r
em

ov
in

g
to

ot
hp

as
te

as
pr

ov
id

ed
to

pa
tie

nt
s(

ta
rg

et
fr

eq
ue

nc
ya )

Pa
tie

nt
sw

er
e

no
tr

em
in

de
d

to
br

us
h

th
ei

rt
ee

th
,n

o
or

al
ca

re
su

pp
lie

s
w

er
e

pr
ov

id
ed

N
V-

H
AP

de
fin

ed
by

ra
di

ol
og

ic
al

di
ag

no
si

s,
cu

ltu
re

sw
he

n
av

ai
la

bl
e,

an
d

sy
m

pt
om

as
se

ss
m

en
t(

ac
co

rd
in

g
to

CD
C)

5
6

H
os

pi
ta

ld
is

ch
ar

ge
N

o

Go
ng

et
al

,3
1

20
18

Ch
in

a
80

b
IC

U
To

ot
hb

ru
sh

in
g

4
tim

es
/d

w
ith

so
ft

to
ot

hb
ru

sh
di

pp
ed

in
sa

lin
e,

br
us

hi
ng

of
to

ng
ue

,e
ac

h
to

ot
h,

an
d

in
te

rd
en

ta
ls

pa
ce

w
ith

ge
nt

le
m

ov
em

en
t

O
ra

lc
ar

e
4

tim
es

/d
by

us
in

g
sa

lin
e

on
te

et
h,

to
ng

ue
,t

hr
oa

t,
ch

ee
ks

,
an

d
ja

w

VA
P

de
fin

ed
by

In
te

ns
iv

e
Ca

re
Br

an
ch

of
Ch

in
es

e
M

ed
ic

al
As

so
ci

at
io

n5
7

5
d

(D
ur

at
io

n
of

in
te

rv
en

tio
n)

Un
cl

ea
r

Kh
an

et
al

,4
9

20
17

M
al

ay
si

a
9

IC
U

Th
ric

e-
da

ily
to

ot
hb

ru
sh

in
g

w
ith

ch
lo

rh
ex

id
in

e,
0.

2%
Th

ric
e-

da
ily

or
al

ca
re

w
ith

ch
lo

rh
ex

id
in

e,
0.

2%
,f

oa
m

sw
ab

VA
P

de
fin

ed
by

ph
ys

ic
ia

n
an

d
IC

U
nu

rs
in

g
st

af
f

11
d

(D
ur

at
io

n
of

in
te

rv
en

tio
n)

Un
cl

ea
r

Lo
ng

et
al

5
0

20
12

Ch
in

a
61

IC
U

Th
ric

e-
da

ily
to

ot
hb

ru
sh

in
g

w
ith

a
so

ft
ch

ild
to

ot
hb

ru
sh

,p
re

ce
de

d
by

po
vi

do
ne

,
0.

1%
-i

od
in

e
ga

uz
e

sc
ru

bb
in

g
be

fo
re

in
tu

ba
tio

n

Th
ric

e-
da

ily
or

al
ca

re
by

sc
ru

bb
in

g
te

et
h

an
d

bu
cc

al
ar

ea
w

ith
po

vi
do

ne
,

0.
1%

-i
od

in
e

sw
ab

VA
P

de
fin

ed
by

po
si

tiv
e

cu
ltu

re
of

se
cr

et
io

ns
of

lo
w

er
re

sp
ira

to
ry

tr
ac

tc
Ex

tu
ba

tio
n

Un
cl

ea
r

(c
on

tin
ue

d)

Association Between Daily Toothbrushing and Hospital-Acquired Pneumonia Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine Published online December 18, 2023 E5

© 2023 American Medical Association. All rights reserved.

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

http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638


Ta
bl

e.
Ch

ar
ac

te
ris

tic
so

fI
nc

lu
de

d
St

ud
ie

s(
co

nt
in

ue
d)

So
ur

ce
Co

un
tr

y
N

o.
of

pa
tie

nt
s

Se
tt

in
g

Pr
oc

ed
ur

e

Pn
eu

m
on

ia
de

fin
iti

on
En

d
of

fo
llo

w
-u

p

Bl
in

de
d

ou
tc

om
e

as
se

ss
or

s
In

te
rv

en
tio

n
Co

nt
ro

l
Lo

re
nt

e
et

al
,4

5
20

12
Sp

ai
n

43
6

IC
U

Th
ric

e-
da

ily
to

ot
hb

ru
sh

in
g

(t
oo

th
by

to
ot

h
on

an
te

rio
ra

nd
po

st
er

io
rs

ur
fa

ce
s,

gu
m

lin
e,

an
d

to
ng

ue
fo

r9
0

s)
w

ith
a

br
us

h
so

ak
ed

in
ch

lo
rh

ex
id

in
e,

0.
12

%
,p

re
ce

de
d

by
or

al
ca

re
w

ith
ga

uz
e

so
ak

ed
in

ch
lo

rh
ex

id
in

e,
0.

12
%

Th
ric

e-
da

ily
or

al
ca

re
w

ith
ga

uz
e

so
ak

ed
in

ch
lo

rh
ex

id
in

e,
0.

12
%

VA
P

de
fin

ed
by

al
lf

ul
fil

le
d:

ne
w

on
se

to
f

br
on

ch
ia

lp
ur

ul
en

ts
pu

tu
m

,t
em

pe
ra

tu
re

>3
8

°C
or

<3
5.

5
°C

,l
eu

ko
cy

to
si

sa
nd

/o
r

le
uk

op
en

ia
,c

he
st

ra
di

og
ra

ph
w

ith
ne

w
or

pr
og

re
ss

iv
e

in
fil

tr
at

es
,s

ig
ni

fic
an

t
qu

an
tit

at
iv

e
cu

ltu
re

of
re

sp
ira

to
ry

se
cr

et
io

ns
by

tr
ac

he
al

as
pi

ra
te

7
d

fo
rV

AP
ou

tc
om

e
Ye

s

N
as

iri
an

ie
ta

l,4
0

20
16

Ir
an

16
8

IC
U

Tw
ic

e-
da

ily
to

ot
hb

ru
sh

in
g

an
d

to
ng

ue
br

us
hi

ng
w

ith
so

ft
ch

ild
to

ot
hb

ru
sh

an
d

di
st

ill
ed

w
at

er
;a

sw
ab

w
ith

ch
lo

rh
ex

id
in

e
w

as
th

en
ru

bb
ed

on
th

e
to

ng
ue

,f
ol

lo
w

ed
by

no
rm

al
sa

lin
e

Th
ric

e-
da

ily
or

al
ca

re
by

m
ou

th
rin

si
ng

w
ith

no
rm

al
sa

lin
e

an
d

ru
bb

in
g

a
sw

ab
w

ith
ch

lo
rh

ex
id

in
e

on
th

e
to

ng
ue

VA
P

de
fin

ed
as

CP
IS

≥6
d

in
cl

ud
in

g
th

e
pa

ra
m

et
er

st
em

pe
ra

tu
re

,l
eu

ko
cy

te
s,

tr
ac

he
al

se
cr

et
io

ns
,b

lo
od

ox
yg

en
at

io
n,

ch
es

tr
ad

io
gr

ap
hi

c
re

su
lts

,a
nd

tr
ac

he
al

as
pi

ra
te

cu
ltu

re
(a

cc
or

di
ng

to
Pu

gi
n

et
al

)5
4

5
d

(D
ur

at
io

n
of

in
te

rv
en

tio
n)

Ye
s

Po
bo

et
al

,4
6

20
09

Sp
ai

n
14

7
IC

U
Th

ric
e-

da
ily

to
ot

hb
ru

sh
in

g
to

ot
h

by
to

ot
h

on
an

te
rio

ra
nd

po
st

er
io

rs
ur

fa
ce

s,
al

on
g

th
e

gu
m

lin
e

an
d

th
e

to
ng

ue
w

ith
el

ec
tr

ic
to

ot
hb

ru
sh

,f
ol

lo
w

ed
by

or
al

ca
re

w
ith

ch
lo

rh
ex

id
in

e,
0.

12
%

,s
am

e
as

th
e

co
nt

ro
l

gr
ou

p

Th
ric

e-
da

ily
or

al
ca

re
w

ith
ch

lo
rh

ex
id

in
e,

0.
12

%
-s

oa
ke

d
ga

uz
e

to
al

lt
ee

th
,t

on
gu

e,
an

d
m

uc
os

al
su

rf
ac

e
an

d
in

je
ct

io
n

of
ch

lo
rh

ex
id

in
e,

0.
12

%
,i

nt
o

th
e

or
al

ca
vi

ty
w

hi
ch

is
as

pi
ra

te
d

af
te

r3
0

s

Su
sp

ec
te

d
VA

P
de

fin
ed

by
ne

w
or

pr
og

re
ss

iv
e

pu
lm

on
ar

y
op

ac
iti

es
,p

ur
ul

en
t

re
sp

ira
to

ry
se

cr
et

io
ns

,a
nd

fe
ve

ro
r

le
uk

oc
yt

os
is

;
co

nf
irm

ed
VA

P
de

fin
ed

by
pr

es
en

ce
of

≥1
po

te
nt

ia
lly

pa
th

og
en

ic
or

ga
ni

sm
in

re
sp

ira
to

ry
sa

m
pl

es
ac

co
rd

in
g

to
pr

ed
ef

in
ed

th
re

sh
ol

ds

28
d

Ye
s

Sa
la

rz
eh

ie
ta

l,3
2

20
21

Ir
an

60
e

IC
U

Th
ric

e-
da

ily
to

ot
hb

ru
sh

in
g

fo
r5

m
in

al
lt

he
ou

te
ra

nd
in

ne
rs

ur
fa

ce
so

ft
he

te
et

h
an

d
gu

m
s

an
d

th
en

th
e

to
ng

ue
an

d
pa

la
te

su
rf

ac
es

w
ith

an
in

fa
nt

to
ot

hb
ru

sh
an

d
an

tim
ic

ro
bi

al
to

ot
hp

as
te

co
nt

ai
ni

ng
flu

or
id

e
by

m
ak

in
g

ro
ta

tin
g

m
ov

em
en

ts
or

m
ov

in
g

fr
om

th
e

ba
ck

to
th

e
fr

on
to

ft
he

m
ou

th
;e

ac
h

pa
rt

of
th

e
m

ou
th

w
as

th
en

cl
ea

ne
d

w
ith

st
er

ile
di

st
ill

ed
w

at
er

;m
ou

th
,t

on
gu

e,
an

d
te

et
h

w
er

e
th

en
rin

se
d

w
ith

a
ch

lo
rh

ex
id

in
e,

0.
2%

-s
oa

ke
d

sw
ab

O
ra

lc
ar

e
w

ith
ch

lo
rh

ex
id

in
e,

0.
2%

,
m

ou
th

w
as

h
(n

o
fr

eq
ue

nc
y

re
po

rt
ed

fo
rc

on
tr

ol
gr

ou
p)

VA
P

de
fin

ed
as

m
od

ifi
ed

CP
IS

≥5
,

in
cl

ud
in

g
th

e
pa

ra
m

et
er

st
em

pe
ra

tu
re

,
le

uk
oc

yt
es

,t
ra

ch
ea

ls
ec

re
tio

ns
,b

lo
od

ox
yg

en
at

io
n,

an
d

ch
es

tr
ad

io
gr

ap
hi

c
re

su
lts

(a
cc

or
di

ng
to

La
uz

ie
re

ta
l)

5
8

5
d

(D
ur

at
io

n
of

in
te

rv
en

tio
n)

Ye
s

Si
ng

h
et

al
,4

3
20

22
In

di
a

22
0

IC
U

Tw
ic

e-
da

ily
to

ot
hb

ru
sh

in
g

w
ith

ul
tr

as
of

t
to

ot
hb

ru
sh

(g
au

ze
w

ra
pp

ed
ar

ou
nd

fin
ge

rs
if

br
us

hi
ng

w
as

no
tp

os
si

bl
e)

,l
ub

ric
at

io
n

of
or

al
m

uc
os

a,
an

d
ch

lo
rh

ex
id

in
e,

0.
2%

,m
ou

th
w

as
h

O
ra

lc
ar

e
w

ith
ch

lo
rh

ex
id

in
e,

0.
2%

,
m

ou
th

w
as

h;
fr

eq
ue

nc
y

ac
co

rd
in

g
to

BO
AS

sc
or

e

Su
sp

ec
te

d
VA

P
de

fin
ed

by
fe

ve
r,

po
si

tiv
e

ET
T

cu
ltu

re
s,

ch
es

ta
us

cu
lta

tio
n,

in
cr

ea
se

d
ve

nt
ila

to
rd

em
an

d,
or

ne
w

ab
no

rm
al

ch
es

tr
ad

io
gr

ap
hi

c
fin

di
ng

s

VA
P,

de
at

h,
or

di
sc

ha
rg

e
Un

cl
ea

r

Ya
o

et
al

,4
8

20
11

Ta
iw

an
53

IC
U

Tw
ic

e-
da

ily
to

ot
hb

ru
sh

in
g

th
e

te
et

h’
sf

ac
ia

l
si

de
sw

ith
an

el
ec

tr
ic

to
ot

hb
ru

sh
,m

oi
st

ur
iz

in
g

th
e

or
al

ca
vi

ty
w

ith
pu

rif
ie

d
w

at
er

,c
le

an
si

ng
lin

gu
al

si
de

sa
nd

m
as

sa
gi

ng
to

ng
ue

,g
um

s,
an

d
m

uc
os

a
w

ith
a

so
ft

ch
ild

to
ot

hb
ru

sh
;c

le
an

in
g

or
al

ca
vi

ty
w

ith
or

al
sw

ab
co

nn
ec

te
d

to
th

e
su

ct
io

n
tu

be
an

d
rin

si
ng

w
ith

pu
rif

ie
d

w
at

er
(d

ur
at

io
n

15
-2

0
m

in
)a

nd
da

ily
us

ua
lo

ra
lc

ar
e

O
nc

e-
da

ily
us

ua
lo

ra
lc

ar
e

w
ith

or
al

sw
ab

so
rc

ot
to

n
sw

ab
sa

nd
tw

ic
e

da
ily

m
oc

k
ca

re
fo

r1
0-

15
m

in
;l

ip
s

w
er

e
m

oi
st

ur
iz

ed
us

in
g

an
or

al
sw

ab
w

ith
pu

rif
ie

d
w

at
er

VA
P

de
fin

ed
as

m
od

ifi
ed

CP
IS

>6
,

in
cl

ud
in

g
th

e
pa

ra
m

et
er

st
em

pe
ra

tu
re

,
le

uk
oc

yt
es

,t
ra

ch
ea

ls
ec

re
tio

ns
,b

lo
od

ox
yg

en
at

io
n,

ch
es

tr
ad

io
gr

ap
hi

c
re

su
lts

,
pr

og
re

ss
io

n
of

pu
lm

on
ar

y
in

fil
tr

at
e,

an
d

tr
ac

he
al

as
pi

ra
te

cu
ltu

re
(a

cc
or

di
ng

to
Si

ng
h

et
al

)5
9

9
d

(7
d

In
te

rv
en

tio
n)

Ye
s

Ab
br

ev
ia

tio
ns

:B
O

AS
,B

ec
k

O
ra

lA
ss

es
sm

en
tS

ca
le

;C
D

C,
Ce

nt
er

sf
or

D
ise

as
e

Co
nt

ro
la

nd
Pr

ev
en

tio
n;

CF
U,

co
lo

ny
-fo

rm
in

g
un

it;
CP

IS
,C

lin
ic

al
Pu

lm
on

ar
y

In
fe

ct
io

n
Sc

or
e;

ET
T,

en
do

tr
ac

he
al

tu
be

;I
CU

,i
nt

en
siv

e
ca

re
un

it;
N

H
SN

,N
at

io
na

lH
ea

lth
ca

re
Sa

fe
ty

N
et

w
or

k;
N

V-
H

AP
,n

on
ve

nt
ila

to
rh

os
pi

ta
l-a

ss
oc

ia
te

d
pn

eu
m

on
ia

;
RC

T,
ra

nd
om

iz
ed

cl
in

ic
al

tr
ia

l;
VA

P,
ve

nt
ila

to
r-a

ss
oc

ia
te

d
pn

eu
m

on
ia

.
a

Th
e

ta
rg

et
fr

eq
ue

nc
y

of
to

ot
hb

ru
sh

in
g

4
tim

es
/d

w
as

no
tm

et
in

an
y

of
th

e
in

te
rv

en
tio

n
un

its
bu

tw
as

sig
ni

fic
an

tly
hi

gh
er

th
an

on
an

y
of

th
e

co
nt

ro
lu

ni
ts

.
b

Th
e

st
ud

y
w

as
co

nd
uc

te
d

w
ith

3
gr

ou
ps

(n
=

12
0

).
Th

e
th

ird
gr

ou
p

(n
=

40
)w

as
ex

cl
ud

ed
as

it
co

nt
ai

ne
d

a
tr

ad
iti

on
al

Ch
in

es
e

m
ed

ic
in

e
in

te
rv

en
tio

n
an

d
w

as
no

tr
el

ev
an

tt
o

ou
rs

tu
dy

qu
es

tio
n.

c
Be

ca
us

e
pn

eu
m

on
ia

w
as

de
fin

ed
on

ly
by

po
sit

iv
e

cu
ltu

re
yi

el
d,

th
is

st
ud

y
w

as
ex

cl
ud

ed
fr

om
th

e
pn

eu
m

on
ia

m
et

a-
an

al
ys

is
an

d
an

al
yz

ed
on

ly
fo

rt
he

ou
tc

om
es

of
du

ra
tio

n
of

ve
nt

ila
tio

n
an

d
m

or
ta

lit
y.

d
Be

ca
us

e
pn

eu
m

on
ia

w
as

as
se

ss
ed

an
d

re
po

rt
ed

on
m

ul
tip

le
da

ys
de

fin
ed

by
a

CP
IS

va
lu

e
of

6
or

m
or

e,
a

cu
m

ul
at

iv
e

to
ta

ln
um

be
ro

fp
ne

um
on

ia
ca

se
sc

ou
ld

no
tb

e
ex

tr
ac

te
d.

Th
er

ef
or

e,
th

is
st

ud
y

w
as

ex
cl

ud
ed

fr
om

th
e

pn
eu

m
on

ia
m

et
a-

an
al

ys
is

an
d

an
al

yz
ed

on
ly

fo
rt

he
ou

tc
om

e
of

du
ra

tio
n

of
ho

sp
ita

liz
at

io
n.

e
Th

e
st

ud
y

w
as

co
nd

uc
te

d
w

ith
3

gr
ou

ps
w

ith
30

pe
op

le
in

ea
ch

gr
ou

p
(n

=
90

).
Th

e
fir

st
gr

ou
p

in
cl

ud
ed

m
ul

tip
le

su
pp

le
m

en
ta

lc
om

pr
eh

en
siv

e
or

al
ca

re
pr

oc
ed

ur
es

(e
g,

lu
br

ic
at

io
n

of
lip

sw
ith

vi
ta

m
in

sA
an

d
D

)a
nd

w
as

ex
cl

ud
ed

to
en

su
re

be
st

co
m

pa
ra

bi
lit

y
be

tw
ee

n
th

e
st

ud
y

ar
m

sa
m

on
g

th
e

in
cl

ud
ed

st
ud

ie
s.

Research Original Investigation Association Between Daily Toothbrushing and Hospital-Acquired Pneumonia

E6 JAMA Internal Medicine Published online December 18, 2023 (Reprinted) jamainternalmedicine.com

© 2023 American Medical Association. All rights reserved.

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

http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638


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

+

+

+

+

+ +

+

+

+

+

+

+

+

+ + +

+

+

+

+

+++

+ + + + + + + + + + + +

+

+

++

+

+

+

+ + + + +

++ + + + +

+

+

+

+

+

+

+

+

?

?

?

?

?

?

?

?

?

? ??

?

– – – – – –

–

–

– – – –

–

–

– – – – –

Bellis
sim

o-R
odrig

ues e
t a

l,4
2  2014

Chack
o et a

l,4
4  2017

de Lace
rda Vidal e

t a
l,4

1  2017

Falahinia et a
l,3

9  2016

Félix
,5
1  2016

Giulia
no et a

l,4
7  2021

Gong et a
l,3

1  2018

Khan et a
l,4

9  2017

Long et a
l,5

0  2012

Lorente et a
l,4

5  2012

Nasir
iani e

t a
l,4

0  2016

Pobo et a
l,4

6  2009

Salarze
hi e

t a
l,3

2  2021

Singh et a
l,4

3  2022

Yao et a
l,4

4  2011

Green plus signs indicate low risk of bias; yellow question marks, unclear risk of bias; and red minus signs, high risk of bias.
a Salarzehi et al32 and Falahinia et al39 had a high risk of bias owing to convenience sampling. Giuliano et al47 had an unclear risk of bias owing to industry supplying

toothbrushing kits.

Association Between Daily Toothbrushing and Hospital-Acquired Pneumonia Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine Published online December 18, 2023 E7

© 2023 American Medical Association. All rights reserved.

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

http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2023.6638


Sensitivity analysis restricted to the 4 studies at low risk
of bias yielded a similar effect estimate but broader 95% CIs
that included 1.00 (RR, 0.86 [95% CI, 0.71-1.04];
I2 = 0%).41,42,45,46

Duration of Mechanical Ventilation
Seven studies (n = 1285)41-43,45,46,48,50 reported 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,41,42,45,46,48 the reduction in ventilated
days remained significant (MD, −1.47 [95% CI, −2.57 to −0.36]
days) and showed no heterogeneity (I2 = 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.41-43,45,46,48

Toothbrushing was associated with significantly shorter ICU
length of stay (MD, −1.78 [95% CI, −2.85 to −0.70] days; I2 = 0%).
Limiting to the 5 studies at low risk of bias,41,42,45,46,48 tooth-
brushing remained associated with significantly shorter ICU
length of stay (MD, −1.36 [95% CI, −2.58 to −0.14] days; I2 = 0%).

Hospital Length of Stay
Two studies reported on duration of hospitalization
(n = 921).40,47 Both studies had a high or unclear risk of bias
in multiple domains. One study included patients in the ICU
receiving invasive mechanical ventilation,40 while the other
included patients in medical and surgical wards not receiving
ventilation.47 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.

Antibiotic Use
Three studies reported on use of antibiotics (n = 667),42,45,46

all based in the ICU and all at low risk of bias. Two studies45,46

reported no significant difference in antibiotic-free days (RR,
−0.52 [95% CI, −2.82 to 1.79]; I2 = 0%), and 1 study42 found no
significant difference in total antibiotic days.

Subgroup Analysis
Two studies42,51 had toothbrushing performed by dental pro-
fessionals; in all other studies31,32,39-41,43-50 oral 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.42 Two studies46,48

used electric toothbrushes, one of which used electric and
manual toothbrushes for cleaning. Only 1 of the 2 studies48

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
framework34 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 1 in 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.

Figure 4. Association of Toothbrushing With Intensive Care Unit Mortality
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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.
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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
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 initiatives61-63 recommended rou-
tine oral care with chlorhexidine for patients undergoing in-
vasive mechanical ventilation. Subsequent analyses19

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.52-59 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.64-67 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]).

All but 1 study47 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.42,47 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 VAP20-24,26,29 have reported mixed results. Older
meta-analyses22-24,26 reported no association between tooth-
brushing and lower pneumonia rates, while more recent
studies20,21,29 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
VAP68-70 and NV-HAP.71

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-
up41,42,44-46,48,51 and in 5 studies at low risk of bias that followed
up patients through extubation or 28 days.41,42,44,46,51 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.

Conclusions
The findings of this systematic review and meta-analysis of 15
randomized 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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