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Background. Pneumonia remains an important public health problem among elderly nursing home residents.
This clinical trial sought to determine if a multicomponent intervention protocol, including manual tooth/gum brush-
ing plus 0.12% chlorhexidine oral rinse, twice per day, plus upright positioning during feeding, could reduce the in-
cidence of radiographically documented pneumonia among nursing home residents, compared with usual care.

Methods. This cluster-randomized clinical trial was conducted in 36 nursing homes in Connecticut. Eligible res-
idents >65 years with at least 1 of 2 modifiable risk factors for pneumonia (ie, impaired oral hygiene, swallowing diffi-
culty) were enrolled. Nursing homes were randomized to the multicomponent intervention protocol or usual care.
Participants were followed for up to 2.5 years for development of the primary outcome, a radiographically documented
pneumonia, and secondary outcome, a lower respiratory tract infection (LRTI) without radiographic documentation.

Results. A total of 834 participants were enrolled: 434 to intervention and 400 to usual care. The trial was termina-
ted for futility. The number of participants in the intervention vs control arms with first pneumonia was 119 (27.4%) vs
94 (23.5%), respectively, and with first LRTI, 125 (28.8%) vs 100 (25.0%), respectively. In a multivariable Cox regression
model, the hazard ratio in the intervention vs control arms, respectively, was 1.12 (95% confidence interval [CI], .84
1.50; P = .44) for first pneumonia and 1.07 (95% CI, .79-1.46, P =.65) for first LRTIL.

Conclusions.
radiographically confirmed pneumonia or LRTI compared with usual care in nursing home residents.

Clinical Trials Registration. NCT00975780.

The multicomponent intervention protocol did not significantly reduce the incidence of first
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Pneumonia remains a global health problem, and it is
particularly burdensome among elderly nursing home
residents, among whom it is an important cause of
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functional decline, death, and healthcare costs [1-3].In-
terventions targeted to risk factors for aspiration (eg,
impaired oral hygiene, swallowing difficulty) prevent
pneumonia, including in older adults, in several health-
care settings [4]. A clinical trial in Japan reported that
enhanced oral care (ie, oral brushing after meals and
weekly dental professional care) among nursing home
residents reduced the incidence of pneumonia from
19% with usual care to 11% using enhanced oral care
[5]. In acute healthcare settings, clinical trials showed
that topical oral chlorhexidine reduced nosocomial
lower respiratory tract infection (LRTI) after cardiac
surgery, and semirecumbant positioning reduced the
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incidence of nosocomial LRTI [6, 7]. Nonetheless, recent meta-
analyses have challenged the value of enhanced oral care in pre-
venting pneumonia among mechanically ventilated patients
apart from cardiac surgery patients with short duration of me-
chanical ventilation [8, 9].

In a pilot study of nursing home residents, individual in-
tervention components (ie, topical oral chlorhexidine, oral
brushing, and upright feeding positioning) were feasible to ad-
minister, adhered to by staff, and effective in improving oral hy-
giene and swallowing over a 3-month period [10]. This clinical
trial sought to determine whether the incidence of radiograph-
ically documented pneumonia was reduced among residents of
nursing homes that adopted a multicomponent intervention
protocol, compared with residents of homes that continued
usual care.

METHODS

Study Design and Oversight

The study targeted nursing home facilities within a 60-mile
radius of New Haven, Connecticut that housed at least 90 resi-
dents. The design was a cluster-randomized trial in which
participants were followed for up to 2.5 years. The Yale Univer-
sity Human Investigation Committee, and the administrative
leadership at all homes, approved the study. Nursing home ad-
ministrators signed letters of agreement to participate, and
participants or their surrogates provided written consent. An
independent data safety and monitoring board (DSMB) moni-
tored the study, which was registered at ClinicalTrials.gov
(NCT00975780).

Participants
Study personnel established whether residents at each partici-
pating nursing home met eligibility criteria and had capacity
for informed consent. Both sexes and all races were included if
they were long-term-care residents age >65 years, resided at the
nursing home for at least 1 month, and had at least 1 of 2 mod-
ifiable risk factors for pneumonia (ie, impaired oral hygiene,
swallowing difficulty). Exclusion criteria included (1) housing
for short-term rehabilitation; (2) presence of a gastric (includ-
ing percutaneous endoscopic gastrostomy or nasogastric tube)
or jejunostomy tube; (3) presence of a tracheostomy; (4) life ex-
pectancy <3 months; (5) current use of chlorhexidine; (6) pneu-
monia within the previous 6 weeks; (7) previous enrollment in
the study; (8) unwillingness to give informed consent (from res-
idents or designated surrogates); (9) non-English speaking; or
(10) inappropriateness for the study in the opinion of nursing
home administration.

Residents were screened for impaired oral hygiene and swal-
lowing difficulty, and following written consent they underwent

an oral examination to determine their oral plaque score.

Impaired oral hygiene was considered present if (1) the staff
who cared for the resident identified him/her as having im-
paired oral hygiene; (2) dental care was triggered for the resident
as identified in the medical record; or (3) the oral plaque score
was >1. Swallowing difficulty was considered present if staff
identified him/her as having an episode of cough during swal-
lowing at least once per week. Residents with a plaque score of
>1 were eligible for enrollment (Supplementary Appendix). For
decisionally impaired residents, surrogate consent was ob-
tained, and verbal assent was sought from the resident if they
were cognitively capable of understanding study participation.

Substudy Participants

A random sample of approximately 20% of participants had
longitudinal evaluations targeted at baseline, 3 months, and
every 6 months after enrollment of oral plaque scores and
cough during swallowing (Supplementary Appendix).

Randomization and Interventions

The 36 participating homes were stratified into 2 groups by the
number of minutes that nursing aides spent with residents per
day as reported on http:/www.medicare.gov/nursinghome
compare, because nursing staff are responsible for oral care
and feeding within each home. Homes with >140 aide minutes
per day were considered “high stratum”; homes with <140 aide
minutes per day were considered “low stratum.” Homes were
randomized within each stratum using a permuted block design
with equal allocation to intervention or control arms [11].
Blinded study personnel performed screening assessments
and approached eligible residents (or designated surrogates)
for consent (ie, “prevalent participants”). After enrollment,
the randomization status of the home was revealed. For homes
randomized to intervention, study personnel trained nursing
home staff about protocol procedures; there was no training
in homes randomized to usual care. After prevalent participant
enrollment was complete, subsequent screening continued to
identify newly admitted or newly eligible residents at each
home. These residents were consented and enrolled to optimize
enrollment (ie, “incident participants”).

The intervention consisted of manual tooth/gum brushing
plus 0.12% chlorhexidine oral rinse, administered twice per
day, plus upright positioning during feeding. The intervention
protocol was tailored to participants who could either perform
self-care or required assistance (Supplementary Appendix).
Control homes continued their usual oral care protocols, and
we targeted surveys twice per year to determine if changes oc-
curred during the study.

Data and Outcomes
Sociodemographic and clinical data were ascertained from the
medical record, nursing staff, or direct resident assessment.
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Figure 1. Flow diagram of nursing homes and participants. *Nursing home population mostly younger mental health residents, did not meet eligibility

criteria, administrative reasons, or enroliment met; “Two participants randomized to the intervention arm were identified after enrollment as having met a
previously unidentified exclusion criterion: one participant had an existing pneumonia within 6 weeks and one participant was hospitalized (and had not
resided in the nursing home for at least one month) prior to randomization. Both participants remained in the analyses; “Prevalent participants were those
residents who were housed in the nursing home and recruited for the study at the time of initiation of the study at the home. Incident participants were
recruited in subsequent waves of recruitment after the study was initiated at the home, approximately every three months; “Withdrew due to administrative
leadership decision; *Withdrew due to foreclosure; 'Reasons for lost to follow-up included discharged from facility, facility withdrew from the study, and
death.
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The primary endpoint was development of first pneumonia.
Pneumonia required the presence of (1) a compatible infiltrate
on chest radiograph (CXR) (if previous CXR was available,
the infiltrate had to be new or worsened) and (2) at least 2
of the following clinical features within 72 hours of the CXR-
documented infiltrate: fever, pleuritic chest pain, respiratory
rate >25 breaths/minute, worsening functional status (ie, de-
cline in level of consciousness or activities of daily living), or
new or increased cough, sputum production, shortness of
breath, or chest examination findings.

The secondary endpoint was development of a first LRTI,
defined as at least 3 pneumonia clinical criteria but with
CXRs that were either not ordered or not compatible with
pneumonia. CXRs were ordered at the discretion of primary
providers. Two investigators adjudicated all outcomes, blinded
to the randomization status of participants and the cumulative
outcome incidence during the trial. A third blinded investigator
resolved disagreements.

Chlorhexidine adherence within each home was determined
by comparing expected with actual chlorhexidine volume ex-
penditure. Oral brushing adherence was determined by com-
paring expected with actual residual toothpaste tube weight.
The differences between expected and actual volume and weight
were averaged over time periods to obtain an overall adherence
measure. Upright feeding positioning adherence was evaluated
qualitatively approximately once per month (Supplementary
Appendix). Risk factor reduction was defined as improvement
from baseline of oral hygiene (ie, >1 unit reduction in oral pla-
que score from baseline to final assessment) or swallowing (ie,
absence of cough during swallowing at all observed meals at the
final assessment).

Statistical Analyses

The target sample size was 828 participants to detect a 25% re-
duction in the cumulative 2.5-year first pneumonia rate with
intervention relative to control assuming a type I error of 0.05
(2-sided), 80% power, an annual loss to follow-up rate of 20%
(death, transfer out of the nursing home), equal allocation and
an intracluster correlation (ICC) of 0.005 from a previous study
[3]. Analyses of primary and secondary endpoints were by in-
tent-to-treat. Analyses accounted for the cluster design; the unit
of analysis was the participant. A P value of .05 (2-sided) was
used for statistical significance. SAS 9.3 and R 2.15.2 software
were used for analyses.

The treatment effect on the time to first pneumonia was an-
alyzed by a Cox model employing a robust variance estimator
[12] to account for participant clustering within nursing
homes with adjustment for randomization strata and prespeci-
fied baseline covariates. Participants were censored who died
or were transferred out of the nursing home. We tested the pro-
portional hazards assumption using martingale residuals [13]

and treatment by time interactions. The effect of intervention
relative to control was estimated as a hazard ratio with 95% con-
fidence intervals. Cumulative rates of pneumonia were calculat-
ed by the Kaplan—Meier method. Time to first LRTT and death
were analyzed similarly to the primary outcome. In secondary
analyses, a cluster competing risk model [14] was fit for the pri-
mary and secondary outcomes to account for the competing
risk of death on estimates of treatment effects. Corresponding
cumulative incidence rates for these outcomes were calculated
by the method of Gray [15]. In exploratory analyses, we exam-
ined associations of intervention status with risk factor reduc-
tion (change in oral plaque score and swallowing difficulty),
associations of adherence with risk factor reduction, and corre-
lations of intervention nursing home adherence, measured as a
continuous variable, with nursing home specific hazard func-
tions and first pneumonia rates. One interim analysis was spec-
ified at 2.5-3 years for efficacy using a Haybittle-Peto stopping
boundary of 0.001 (2-sided) with futility assessed by conditional
power using 50% power under the current trend as a guideline
for considering the study as futile [16, 17].

RESULTS

Among 36 nursing homes, 834 participants were enrolled: 434
to the intervention arm and 400 to the control arm (Figure 1).
Three nursing homes withdrew during the study (2 intervention
homes and 1 control home). The DSMB terminated the study
for futility at the scheduled interim analysis because the condi-
tional power under the observed treatment difference was near-
ly zero. At study termination, participants had a mean duration
of follow-up until censoring or death of 1.13 years. Table 1 lists
baseline participant characteristics. Results show no significant
differences in age, sex, race or ethnicity, comorbidities, mental
status, and functional status, between the 2 groups except for 1
measure of behavior (ie, resists care). Results show no statisti-
cally significant difference in the median star rating, the median
number of beds per home, the proportion of nonprofit owner-
ship, or the median number of nursing aide minutes per day
spent with residents, in the intervention vs control homes (Sup-
plementary Table 1). Prevalent and incident participants were
also similar at baseline, except for ethnicity and 2 measures of
mental status (Supplementary Table 2).

Table 2 presents counts, unadjusted person-year rates, and
adjusted Cox regression model data for first pneumonia, first
LRTI, and death. The number of participants with a first pneu-
monia was 119 (27.4%) with intervention vs 94 (23.5%) with
control. Results show no significant differences for either out-
come between intervention and control arms. Figure 2A and
2B present the cumulative incidence of first pneumonia and
first LRTI, respectively. Results show no significant difference
for either outcome. Relative risk findings were similar using a
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Table 1.

Baseline Characteristics, Overall and by Treatment Status

Characteristics Total (n =834) Intervention (n = 434)° Control (n =400) P Value
Age, y, mean = SD 86.3+8.1 86.5+8.0 86.1+£8.3 73
Female sex 636 (76.3) 329 (75.8) 307 (76.7) .83
Race/ethnicity

Hispanic 9(1.1) 5(1.2) 4 (1.0) .88

White 780 (93.5) 413 (95.2) 367 (91.7) .52
Coexisting conditions

Dementia 659 (79.0) 341 (78.6) 318 (79.5) .81

COPD 144 (17.3) 75 (17.3) 69 (17.3) .99

Stroke 192 (23.0) 100 (23.0) 92 (23.0) .99

Congestive heart failure 184 (22.1) 98 (22.6) 86 (21.5) 74

Cancer 161 (19.3) 81 (18.7) 80 (20.0) .65

Diabetes 244 (29.3) 118 (27.2) 126 (31.5) .20

Liver disease 13 (1.6) 7 (1.6) 6 (1.5) .89

Kidney disease 174 (20.9) 96 (22.1) 78 (19.5) 49

Depression 511 (61.3) 275 (63.4) 236 (59.0) .37

No. of comorbid conditions, mean + SD 3.7+14 3.7+14 3.7+14 90
Vaccination status®

Influenza vaccination 699 (91.4) 373 (91.2) 326 (91.6) .95

Pneumococcal vaccination 604 (88.3) 326 (86.7) 278 (90.3) .34
Functional and behavioral status

Swallowing difficulty 165 (19.8) 79 (18.2) 86 (21.5) 40

Presence of teeth 539 (64.6) 280 (64.5) 259 (64.7) .94
No. of ADL disabilities®

1-3 184 (22.1) 83 (19.1) 101 (25.2) .50

4-7 197 (23.6) 101 (23.3) 96 (24.0) A
Resists care 4 (11.3) 34 (7.8) 60 (15.0) <.001
Restraint use in the past 2 wk 9 (4.7) 21 (4.8) 18 (4.5) .89
Cognitive and mental status

Confusion® 676 (84.7) 344 (82.9) 332 (86.7) 44

Delirium severity?

Low 193 (23.1) 93 (21.4) 100 (25.0) .68
High 140 (16.8) 70 (16.1) 70 (17.5)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: ADL, activities of daily living; COPD, chronic obstructive pulmonary disease; SD, standard deviation.

@ Pvalues for categorical variable by treatment group comparisons were estimated using Rao-Scott xz statistics, which account for stratification and the clustering of
study participants in nursing homes. P values for continuous variable by treatment group comparisons were estimated with variance estimators using the Taylor
series method to account for stratification and the clustering of study participants in nursing homes.

® There were 70 missing values for the influenza vaccination variable and 151 missing values for the pneumococcal vaccination variable.

¢ ADL disabilities was defined as total dependence in the number of 7 ADLs (ie, bed mobility, transfer, dressing, eating, toilet use, personal hygiene, and bathing).

There were 453 participants without total dependence in any of the 7 ADLs.

94 There were 36 missing values for the confusion variable. Delirium was defined by presence of 6 indicators of delirium (ie, easily distracted, periods of altered
perception or awareness of surroundings, episodes of disorganized speech, periods of restlessness, periods of lethargy, and mental function varies over the
course of the day). Low delirium severity was defined as 1-2 indicators present, and high severity was defined as 3-6 indicators present. Five hundred one

participants had no indicators present at baseline.

competing risk model (Supplementary Table 3 and Supplemen-
tary Figure 1A and 1B).

In the intervention arm, the overall mean adherence was
87.9% (standard deviation [SD], 20.5%) to chlorhexidine and
75.0% (SD, 23.4%) to toothpaste. Overall adherence to upright
feeding position when observed was 100%. There were no

protocol-related serious adverse events, and there were 64 pro-
tocol-related nonserious adverse events, all of which were antic-
ipated. The most common protocol-related nonserious adverse
events were oral cavity disturbances and dental staining.

In exploratory analyses, risk factor reduction was assessed in
a subset of the cohort (n=197 for plaque score; n =23 for
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Table 2. Frequency, Person-year Rates, and Cox Model Results for Outcomes and Death

Total (N =834) Intervention (n = 434) Control (n =400) Adjusted Cox Model?
Outcomes No. (%) Rate® (95% Cl)  No. (%) Rate (95% CI) No. (%) Rate (95% Cl) Hazard Ratio (95% Cl) P Value
First Pneumonia® 213 (25.5) 0.27 (.22-33) 119(27.4) 0.28 (22-37) 94 (23.5) 0.26 (.19-.36) 728 (.84-1.50) 44
First LRTI 225(27.0) 0.28(.23-34) 125(28.8) 0.29(.23-37) 100 (25.0) 0.27 (.21-.36) 1.07 (.79-1.46) .65
Death 210 (25.2) 0.22 (.19-.26) 122 (28.1) 0.24 (20-.28) 88(22.0) 0.20 (.16-.27) 1.16 (.88-1.53) .29

Abbreviations: Cl, confidence interval; ICC, intracluster correlation; LRTI, lower respiratory tract infection.

@ These models are adjusted for prespecified variables for stratum, age, race, sex, comorbid conditions, chronic obstructive pulmonary disease, swallowing difficulty,

and the presence of teeth.

b Rates per person-year of surveillance were generated by a Poisson regression model using a robust variance estimator to account for the clustering of study

participants in nursing homes.

°® The observed ICC for the first pneumonia outcome was 0.035; it was estimated using data obtained from the early termination of the study.

9 The proportional hazards assumption is not met in this model, so the hazard ratio in this case represents an average measure of risk over time rather than a measure

of instantaneous risk.

¢ An indicator variable for prevalent (vs incident) participant was added to the multivariable Cox model and was not significant (P=.680). An interaction term,
crossing the prevalent participant with treatment group variables, was added to the model and was not statistically significant (P=.849).

swallowing difficulty). Results show no significant association
between intervention status or level of adherence with reduction
from the first to last measurement in either swallowing or oral
plaque score (data not shown). In addition, results show no cor-
relation between level of adherence, as measured by toothpaste
and chlorhexidine expenditure, and first pneumonia outcomes
(Supplementary Table 4A and 4B). We ascertained usual daily
oral care protocol information from 16 of the 18 control homes
in which the information was available. All 16 reported oral
brushing twice per day and 5 reported oral antibacterial rinsing
twice per day as part of their usual oral care; 2 reported flossing
twice per day as part of their usual oral care. Among 12 control
homes that provided follow-up information during the study,
none showed changes to their oral brushing and rinsing
protocols.

DISCUSSION

In this cluster-randomized controlled trial, the multicomponent
intervention protocol did not significantly reduce the cumula-
tive incidence of a first radiographically confirmed pneumonia
compared with usual care. Similarly, there was no significant
difference in the incidence of a first LRTI between intervention
and control arms.

Nursing home-acquired pneumonia occurs at an average rate
of 1 episode per 1000 days of care, which is 10-fold greater than
the rate in elderly community dwellers [18-20]. It has been re-
ported to constitute a major proportion of patients with health-
care-associated pneumonia [21, 22]. Although Streptococcus
pneumoniae and influenza vaccination remain important for
nursing home residents [23, 24], the persistent clinical burden
of pneumonia suggests the need for additional prevention strat-
egies. Interventions to improve oral hygiene and swallowing

decrease the risk of pneumonia in selected healthcare-associated
populations, but there is a need for large high-quality random-
ized trials [4-9].

Our clinical trial tested a multicomponent protocol, targeted
to both oral hygiene and swallowing, for its effectiveness in re-
ducing pneumonia in a large nursing home cohort in the Unit-
ed States at high risk for pneumonia. The methodological
strategy used a cluster design in which nursing homes, instead
of individuals, were randomized to either adopt the multicom-
ponent intervention protocol or continue their usual care. Ad-
vantages of the cluster design included avoidance of potential
control-arm contamination when randomizing at the level of
participant or nursing unit, efficiency in staff training, and im-
proved ability of adopting the intervention facility-wide. The
main disadvantage to the cluster design was the risk of imbal-
ance of home and resident characteristics between intervention
and control arms [25]. To reduce potential baseline imbalances,
homes were stratified prior to randomization by the number of
minutes per day that nursing aides spent with residents. Al-
though baseline characteristics of the participants were well ba-
lanced between the intervention and control homes (Table 1),
the intervention protocol did not significantly reduce the rate
of first pneumonia, prompting study termination for futility.

The lack of effectiveness of the intervention protocol in pneu-
monia reduction among nursing home residents was similar to
the recent meta-analysis of oral chlorhexidine use and ventila-
tor-associated pneumonia prevention among non—cardiac sur-
gery patients [9]. Ineffectiveness of the intervention protocol
for pneumonia reduction among our nursing home cohort
has several potential explanations. First, staff adherence to the
intervention protocol may have been inadequate to prevent
pneumonia. Although overall measured rates of adherence to
oral brushing (75.0%), topical oral chlorhexidine (87.9%) and
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Figure 2. A, Cumulative incidence of first pneumonia by treatment (1 — Kaplan—Meier estimates). The number of participants at risk at 30 months rep-
resents participants who were censored after they completed the 30 months of follow-up as specified in the study protocol. B, Cumulative incidence of first
lower respiratory tract infection by treatment (1 — Kaplan—Meier estimates). The number of participants at risk at 30 months represents participants who
were censored after they completed the 30 months of follow-up as specified in the study protocol. The cumulative percentages in (A and B) are calculated by
dividing the number of outcome events in each treatment arm at each time point by the total number of participants enrolled in the respective treatment arm
(ie, 400 in the control arm and 434 in the intervention arm), and then by multiplying by 100; 95% confidence intervals (Cls) for the percentages account for
the clustering of participants within nursing homes.
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upright feeding positioning (100%) appeared high, it is possible
that our quantitative measures of toothpaste and chlorhexidine
expenditure by staff overrepresented actual participant admin-
istration. Second, control home usual oral care may have been
modified after study initiation to more closely resemble the in-
tervention arm. This is unlikely, as information available from
control homes in which >1 assessment of their oral care policy
was obtainable, there were no changes in usual oral brushing
and rinsing protocols over the course of the study. Third, al-
though we stratified homes to reduce imbalances in the cluster
design, there may have been unidentified confounders, such as
imbalances that were more common among the intervention
homes that increased pneumonia outcomes (eg, respiratory
viral outbreaks, lower vaccination rates among staff, low commu-
nity childhood pneumococcal vaccination impact on herd immu-
nity [26], decisions to perform CXR or hospitalize residents).
Finally, it is plausible that the oral microbiota of participants
changed during the intervention protocol and had a heteroge-
neous impact on pathogen acquisition over time. Recent studies
have demonstrated that the microbiota of nursing home residents
are distinct from young and older adult community dwellers [27].
Therefore, the oral bacterial community of nursing home resi-
dents may represent a vulnerable ecological niche in which
daily oral brushing and topical chlorhexidine may initially reduce
existing pathogen colonization, but over time alter the entire oral
bacterial community enough to facilitate new bacterial pathogen
acquisition (eg, Staphylococcus aureus, Enterobacteriaceae, Pseu-
domonas) and counteract any initial benefit.

Our study had several advantages over previous reports. First,
the multicomponent protocol had both biological plausibility to
reduce pneumonia and demonstrated feasibility to administer
in a nursing home setting [10]. Second, our cohort was large
and assembled among community nursing homes that en-
hanced real-world effectiveness assessment of the intervention
and generalizability of the results. Third, we used a rigorous pri-
mary outcome of pneumonia that required radiographic docu-
mentation, with an intent-to-treat analysis.

Nonetheless, our study had limitations. First, our cohort was
limited to a single state and a subset of residents at high risk for
pneumonia, not all nursing home residents. Second, to maxi-
mize enrollment, our cohort included participants (ie, “incident
participants”) who were screened and enrolled after the initial
enrollment (ie, “prevalent participants”) and home randomiza-
tion. Although this raised the risk of potential bias, baseline
characteristics were similar between prevalent and incident par-
ticipants (Supplementary Appendix). Third, our longitudinal
assessment of oral plaque scores, in a subset of the cohort,
was done by dental study staff that participated in training of
intervention home staff, so their assessments were unblinded.
Despite potential for bias favoring improvement in plaque
scores among intervention participants, results show no

significant differences in plaque scores between intervention
and control arms.

We believe that oral brushing, upright feeding positioning,
and oral topical chlorhexidine, when clinically indicated, re-
main important strategies for maintaining oral health and sub-
jective comfort among elderly nursing home residents; in some
healthcare settings, they have been shown to reduce the inci-
dence of LRTIs [4-9, 28]. However, our study results do not
support their utility as a pneumonia prevention strategy in
this high-risk population of elderly nursing home residents.
Other innovative strategies require further investigation to re-
duce this important public health burden.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org). Supplementary materials consist of data
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