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Abstract
In this pilot, single-blind, randomized controlled trial, we investigated the effects of intensified oral hygiene care (IOHC) on 
reducing stroke-associated pneumonia (SAP) incidence. Patients admitted within 24 hours of stroke onset were recruited and 
randomized to receive IOHC or routine oral hygiene care. The occurrence of SAP was checked and oral swabs were obtained 
during the 7-day follow-up. The SAP incidence was lower, though not significantly, in the IOHC group than in the control 
group. IOHC successfully decreased SAP incidence among patients who were male, had higher National Institutes of Health 
Stroke Scale and Debris Index scores, and lower Glasgow Coma Scale and Gugging Swallowing Screen scores. Furthermore, 
IOHC significantly decreased the prevalence of oral suspected SAP pathogens. These results suggest that IOHC can decrease 
the incidence of SAP in the most vulnerable patient groups and lower the prevalence of suspected oral SAP pathogens.
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What do we already know about this topic?
Cohort studies have documented that dysphagia screening and intensified oral hygiene care (IOHC) may successfully 
decrease the risk of pneumonia among hospitalized stroke patients.

How does your research contribute to the field?
Our pilot, single-blind, randomized controlled trial showed that IOHC could successfully decrease the incidence of 
newly defined stroke-associated pneumonia when stroke patients were male or had higher National Institutes of Health 
Stroke Scale and Debris Index scores, and lower Glasgow Coma Scale and Gugging Swallowing Screen scores.

What are your research’s implications toward theory, practice, or policy?
Increased attention to oral care is required among patients who are male or have a greater stroke severity, worse con-
sciousness, worse swallowing function, and poorer oral hygiene.

Original Research

Stroke is a common and serious health issue worldwide, 
and it is associated with high mortality and disability rates.1 
Pneumonia is a major complication after stroke, with a fre-
quency of up to 56.6% in neurological intensive care units,2 
and is a major cause of mortality, poorer outcomes, and 
increased length of hospitalization among stroke survi-
vors.3,4 As a result of increasing recognition in recent years 
of pneumonia as an important complication following 
stroke, a consensus was established in 2015 for the term 
“stroke-associated pneumonia” (SAP), being defined as 
“the spectrum of lower respiratory tract infections within 
the first 7 days after stroke onset.”5 Therefore, reducing the 
SAP rate may greatly alleviate the global burden related to 
stroke.
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The primary mechanism by which SAP occurs is the aspi-
ration of oral content contaminated by microbial pathogens 
implicated in pneumonia, in conjunction with stroke-induced 
immunosuppression.2 Previous cross-sectional studies have 
suggested that oral hygiene, dysphagia, and severity of stroke 
are important independent risk factors for pneumonia after 
stroke.6 Findings from cohort studies have documented that 
dysphagia screening and intensified oral hygiene care 
(IOHC), especially chlorhexidine mouth rinses, may suc-
cessfully decrease the risk of pneumonia among hospitalized 
stroke patients compared to historical controls.7,8 However, 
for the newly defined SAP, there is little evidence about the 
effectiveness of oral hygiene practices, especially basing on 
clinical randomized controlled trials. Moreover, there 
remains a paucity of studies investigating the impact factors 
influencing the effectiveness of oral hygiene practices on 
pneumonia after stroke.

Conceptual Framework

We hypothesize that IOHC could decrease the incidence of 
newly defined SAP and the detection rates of suspected oral 
SAP pathogens. Moreover, the effectiveness of IOHC on 
SAP may be influenced by the characteristics of the patients 
or the disease, such as patients’ age or gender and severity of 
stroke or dysphagia.

Purpose

Therefore, the objective of our study was to perform a pilot, 
single-blind, randomized controlled trial to investigate whether 
IOHC could decrease the incidence of SAP, as well as lead to 
a reduction in the detection rates of suspected oral SAP patho-
gens; and if factors including age, sex, stroke type, initial oral 
hygiene, the severity of stroke, coma, and dysphagia would 
influence the effects of IOHC on the incidence of SAP.

Methods

Study Design

This study was a pilot prospective, single-blind, 2-arm, parallel 
randomized controlled trial with an allocation ratio of 1:1. The 
Ethics Committee of the Beijing Stomatological Hospital eval-
uated and approved the study protocol (Reference number: 
CMUSH-IRB-KJ-PJ-2019-03F). The study was registered in 
the Chinese Clinical Trial Registry prior to commencement 
(Registration number: ChiCTR-IPR-17013403).

Participants

Consecutive patients admitted to one neurological intensive 
care unit in a hospital in China from June 2017 to September 
2018 were screened. Inclusion criteria were as follows: (1) a 
clinical diagnosis of acute stroke; (2) admission within 

24 hours after stroke onset; and (3) age 18 years or older. 
Participants were excluded if they were (1) diagnosed with 
pneumonia or showed clinical signs of infection on admis-
sion; (2) required mechanical ventilation; (3) were pre-
scribed antibiotics or immunosuppressive agents within the 
preceding 2 months; (4) were unable to receive oral care 
within 12 hours of admission; (5) had an allergy to chlorhex-
idine; or (6) were pregnant. All participants were screened 
for eligibility by the nursing staff and provided with an 
information sheet outlining the details of the study. Written 
informed consent was provided by all participants prior to 
recruitment into the study. Direct relatives provided written 
informed consent if participants were deemed to lack the 
capacity to do so.

Interventions

After recruitment into the study, participants were immedi-
ately randomized to receive either IOHC or routine oral 
hygiene care, for a duration of 7 days. In the routine oral 
hygiene care group, cognitively intact participants with 
adequate manual dexterity and unimpaired mouth opening 
capacity were asked to perform oral care by themselves, with 
or without the help of a nursing assistant. Those participants 
lacking the ability to perform oral care, including all partici-
pants in the intensive care unit, received oral swabbing with 
saline (2-minute duration, twice daily). In the IOHC group, 
in addition to oral self-care (or instead of routine saline 
swabbing), all teeth and oral soft tissues (including the gin-
giva, vestibule, buccal mucosa, floor of the mouth, tongue 
dorsum, and pharynx oralis), were swabbed with 0.12% 
chlorhexidine digluconate mouth wash (5-minute duration, 3 
times daily). All interventions were performed by nurses 
who had been trained by a dental professional prior to the 
commencement of the study.

Outcomes and Data Collection

The follow-up period was from recruitment to 7 days after 
the stroke onset. The follow-up period was terminated earlier 
if participants developed SAP, received ventilation, died, or 
were discharged from the hospital. Oral examination and 
oral swab collection were performed by one senior dentist.

SAP Screening

The primary outcome was the rate of SAP, defined by the 
Pneumonia in Stroke Consensus Group criteria as pneumo-
nia within the first 7 days after stroke onset in non-ventilated 
patients.5 The definition of probable SAP was used in this 
study, because not all participants with suspected SAP 
received a repeat chest X-ray for confirmation. One exam-
iner was responsible for the daily screening of participants 
for SAP. A diagnosis of SAP required at least one of the 
following: (1) fever (>38°C) with no other recognized 
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cause; (2) leukopenia (<4000 WBC/mm3) or leukocytosis 
(>12 000 WBC/mm3); or (3) for adults ≥70 years old, 
altered mental status with no other recognized cause. It 
also required at least 2 of the following: (1) new onset of 
purulent sputum or a change in the characteristics of spu-
tum over a 24-hour period, increased respiratory secre-
tions, or increased suctioning requirements; (2) new onset 
or worsening of cough, dyspnea, or tachypnea (respiratory 
rate > 25/min); (3) rales, crackles, or bronchial breath 
sounds; or (4) worsening gas exchange.

Systematic Dysphagia Screening

The same occupational therapist measured swallowing  
function in all participants at baseline with the Gugging 
Swallowing Screen (GUSS) method.9 The GUSS uses a 
scoring system ranging from 0 to 20 points and delineates the 
severity of dysphagia and aspiration risk, with a higher score 
indicating better swallowing function. If there was any doubt 
regarding the outcome of the GUSS, the participant was fur-
ther subjected to video fluoroscopic evaluation of swallow-
ing. The diet of all participants was guided via the GUSS 
score, which recommended either a normal diet, soft diet, 
thickened fluid, or tube feeding. The screening for SAP and 
dysphagia was performed by one senior neurologist who is 
skilled in swallowing function rehabilitation. Before the 
study began, 10 stable stroke patients were screened by the 
neurologist twice using GUSS method with an interval of 
24 hours, and the consistency was 100%.

Oral Examination

The number of teeth and oral hygiene were examined at 
baseline. Oral hygiene was assessed with the Oral Hygiene 
Index.10 The whole mouth was divided into 6 quadrants, 
and the Debris Index and Calculus Index were recorded for 
the most severe tooth in each quadrant. The mean value for 
each index was calculated for the whole mouth. Before the 
study began, 10 stable patients were screened by the den-
tist twice using Oral Hygiene Index with an interval of 
24 hours, and the value of intraclass correlation coefficient 
were 0.87 and 0.98 for Debris Index and Calculus Index 
respectively.

Collection of Oral Swabs and the Detection of 
Suspected SAP Pathogens

Oral swabs were obtained from each participant at baseline, 
prior to the administration of oral care interventions, and 
again at the end of the follow-up period. A sterile swab was 
passed over the entire dorsal surface of the tongue. The tip of 
each swab was soaked and mixed into 3 mL of brain heart 
infusion broth. Each swab was subsequently streaked onto 
blood agar (Thermo Fisher Scientific, Waltham, MA, USA). 
All plates were incubated at 37°C for 24 hours and then 

examined visually. Identification of suspected SAP pathogen 
colonies was performed using an automated mass spectrom-
etry microbial identification system (Vitek MS system, 
bioMerieux, Craponne, France).

Clinical Data and Demographic Characteristics

Additional clinical data were obtained from medical records, 
including stroke subtype, National Institutes of Health Stroke 
Scale (NIHSS) score, Glasgow Coma Scale (GCS) score, 
medical history, age, sex, etc. Tolerance to the administered 
oral care was also monitored by the nurses.

Randomization and Blinding

Before the start of recruitment, the coordinator prepared a set 
of subject identification numbers (SIDs), which identified 
the treatment assignments for participants based on the odev-
ity of a random number table. Following the screening and 
enrollment of each patient, study nurses called the coordina-
tor to obtain each sequential SID, and subsequently assigned 
the intervention. Intervention assignment was blinded to all 
assessors, including the neurologist who screened for SAP 
and dysphagia, the dentist who performed the oral examina-
tions and collected oral swabs, one examiner who detected 
suspected SAP pathogens, and one medical assistant who 
recorded clinical data and demographic characteristics. 
Furthermore, the nurses and assessors were forbidden to talk 
about the intervention assignment.

Data Analyses

Continuous variables were expressed as either mean (stan-
dard deviation), or median (interquartile range) in cases of 
significant non-normality, and qualitative variables were 
expressed as a count value (percentage). Participants who 
received mechanical ventilation, died, or were discharged 
from the hospital within 48 hours were excluded from the 
analysis without the risk of bias, and data from participants 
who withdrew their consent during the study were not used 
in the analysis. Categorical variables were compared between 
groups using the chi-square test, and continuous variables 
were compared between groups using the Student’s t-test or 
Mann–Whitney U test when required. Binary logistic regres-
sion analysis was performed, and the odds ratio (OR) and 
95% confidence interval (CI) for SAP in the IOHC group 
versus the control group for all participants, and in each sub-
group, were calculated. The scores of NIHSS, GCS, GUSS, 
and DI were divided into 2 parts by the median value or by 
common grading to enable subgroup analysis. Therefore,  
the study groups were subdivided into participants aged 
<60 years and participants aged ≥60 years; males and 
females; participants with ischemic stroke and those with 
hemorrhagic stroke; participants with NIHSS < 10 and those 
with NIHSS ≥ 10; participants with GCS < 12 and those 
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with GCS ≥ 12; participants with GUSS < 15 and those with 
GUSS ≥ 15; and participants with DI < 12 and those with 
DI ≥ 12. All tests were performed at a significance level of 
α = 0.05, and P values were 2-sided. The statistical calcula-
tions were performed using SPSS version 22.0 (IBM Corp., 
Armonk, NY, USA).

Results

A total of 652 consecutive patients were assessed for eligibil-
ity, and 113 patients were randomized, with 84 being included 
in the analysis (Figure 1). Baseline demographic and clinical 
characteristics were well balanced between the 2 groups 
(Table 1). SAP was diagnosed in 6 (14%) and 13 (31.7%) of 
participants in the intervention and control groups, respec-
tively (OR = 0.349, 95% CI [0.118-1.033], P = .052). No 
adverse events related to the intraoral intervention were 
observed during the study period.

The results of subgroup analysis showed that the interven-
tion significantly reduced the rate of SAP in participants who 
were male (OR = 0.132, 95% CI [0.026-0.68], P = .008), had 
a higher NIHSS score (OR = 0.246, 95% CI [0.068-0.897], 
P = .03), had a lower GCS score (OR = 0.15, 95% CI [0.029-
0.766], P = .017), had a lower GUSS score (OR = 0.227, 95% 
CI [0.057-0.913], P = .031), and had a higher DI score 
(OR = 0.094, 95% CI [0.011-0.823], P = .013) (Figure 2).

Suspected SAP pathogens were documented at baseline in 
1 and 3 participants in the intervention and control groups, 
respectively. No significant differences in the detection rate 
of SAP pathogens were observed at baseline between the 
intervention and control groups (P = .283). At the end of the 
follow-up period, 31.0% of all participants had detectable 
oral SAP pathogens, with the pathogen prevalence being sig-
nificantly lower in the intervention group (20.9%) compared 
to the control group (41.5%; P = .042). The following sus-
pected SAP pathogens were detected in oral swab samples 

Figure 1. Recruitment and assignment of participants.
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during the follow-up period: Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, Candida 
albicans, and Pseudomonas aeruginosa (Table 2).

Discussion

Results of this study showed that IOHC could successfully 
decrease the incidence of SAP when stroke patients were 
male, or had higher NIHSS, lower GCS, lower GUSS, or 
higher DI scores. Furthermore, this study confirmed that 
IOHC could decrease the prevalence of suspected SAP 
pathogens in the oral cavity.

This study adhered to the recently established 2015 con-
sensus for the diagnosis of SAP, which is defined as “the 
spectrum of lower respiratory tract infections within the first 
seven days after stroke onset.” It is clear that there is a close 
association between lower respiratory tract infection and 
stroke.5 The first week after the onset of stroke is the time 
when pneumonia is most likely to occur, this being due to a 
combination of factors including stroke-related dysphagia, 
impaired consciousness, and suppressed immune response. 
For this reason, in this study, participants were recruited 
within 24 hours after stroke onset and conducted a 7-day 
follow-up. By the end of this randomized clinical trial, SAP 
was diagnosed in 31.7% and 14% of participants in the con-
trol and intervention groups, respectively. Although there 
was an obvious trend toward the reduction in SAP rate with 
the implementation of IOHC, this did not reach statistical 

significance, perhaps due to the small sample size. The 
results of 2 prior studies using historical controls have sug-
gested that either IOHC plus systematic dysphagia screening 
or IOHC alone can reduce the incidence of pneumonia 
among individuals after stroke.7,8

The currently recognized pathophysiological mechanism 
for SAP is the aspiration of oral content combined with 
stroke-induced immunosuppression.2 Therefore, the swal-
lowing function of the participants were carefully evaluated 
with the GUSS method and strictly followed its recommen-
dations for dietary modifications. In this current study, par-
ticipants were subdivided according to age, sex, stroke type, 
severity of stroke, level of consciousness, swallowing func-
tion, and oral hygiene. Not unexpectedly, the study showed 
that stroke patients who had a greater stroke severity, worse 
consciousness, worse swallowing function, and poorer oral 
hygiene were more likely to require IOHC. Interestingly, 
this study also suggested that male stroke patients were 
more likely to benefit from IOHC. This may have been due 
to the poorer oral hygiene and higher rate of smoking among 
male patients, as smoking may reduce respiratory resistance 
to infection and worsen oral hygiene. The results of this 
study suggest that increased attention to oral care is required 
among patients who are male or have a greater stroke sever-
ity, worse consciousness, worse swallowing function, and 
poorer oral hygiene.

To further investigate the effects of IOHC on SAP, we 
detected the occurrence of suspected oral SAP pathogens at 

Table 1. Baseline Characteristics and the Incidence of SAP in the IOHC and Control Groups.

Intervention n = 43 Control n = 41 P value

Age, mean (SD) 57.1 (13.4) 60.3 (13.7) .279
Sex (male), n (%) 24 (55.8) 27 (65.9) .346
History of chronic respiratory disease, n (%) 3 (7.0) 2 (4.9) .165
Smoking, n (%) 7 (16.3) 13 (31.7) .097
Stroke type, n (%) .763
Ischemic 25 (58.1) 25 (61.0)  
Intracerebral hemorrhage 8 (18.6) 9 (22.0)  
Subarachnoid hemorrhage 10 (23.3) 7 (17.1)  
Stroke more than once, n (%) 7 (16.3) 11 (26.8) .239
NIHSS score, median (25%, 75%) 9 (1, 18) 10 (1.5, 17) .907
GCS score, median (25%, 75%) 14 (9, 15) 13 (10.5, 15) .740
GUSS level, n (%) .773
0-9 18 (41.9) 18 (43.9)  
10-14 2 (4.7) 2 (4.9)  
15-19 6 (14.0) 6 (14.6)  
20 17 (39.5) 15 (36.6)  
Remaining teeth number, median (25%, 75%) 27 (26, 30) 27 (20.5, 30) .341
DI score, mean (SD) 1.8 (0.5) 1.9 (0.5) .131
CI score, mean (SD) 2.2 (0.7) 2.1 (0.9) .626
SAP, n (%) 6 (14.0) 13 (31.7) .052

CI = Calculus Index; DI = Debris Index; GCS = Glasgow Coma Scale; GUSS = Gugging Swallowing Screen; IOHC = intensified oral hygiene care; 
NIHSS = National Institutes of Health Stroke Scale (NIHSS); SD = standard deviation; SAP = stroke-associated pneumonia.
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baseline, prior to the intervention period, and on follow-up. 
S. aureus, K. pneumoniae, A. baumannii, C. albicans, and P. 
aeruginosa were the species detected, and these are consis-
tent with the most commonly implicated etiological agents 
for pneumonia.11 While pathogen prevalence was low at 
baseline, SAP pathogens were isolated on follow-up in 
41.5% and 20.9% of participants in the control and interven-
tion groups, respectively. These results are supported by a 
previous study that documented large increases in oral aero-
bic Gram-negative bacteria during the first 2 weeks after 
acute stroke.12 The present study demonstrated that IOHC 
was associated with a significantly lower prevalence of oral 
SAP pathogens, compared to routine oral hygiene care, 
which confirms the effectiveness of IOHC against the micro-
biological causes of SAP. A study by Ab Malik et al also sug-
gested that though IOHC with an electric tooth brush and 
chlorhexidine oral gel did not show superior effects on dental 

plaque reduction when compared with the conventional oral 
hygiene care over 6 months, it did have more effects on 
reducing the prevalence of oral opportunistic pathogens, 
including oral yeast and S. aureus.13,14

This study was a pilot, single-blind, randomized con-
trolled trial with a limited sample size. Although we observed 
a trend for the effectiveness of IOHC on SAP, especially 
among the most vulnerable patient groups, these preliminary 
results are insufficient to draw firm conclusions. Also, the 
methods for the detection of suspected oral SAP pathogens 
were relatively rough. Further randomized controlled studies 
with larger sample sizes are required to confirm the effects of 
IOHC on SAP and inform the development of specific oral 
care protocols for patients after acute stroke.

The results of this study suggest that IOHC can success-
fully decrease the incidence of SAP among acute stroke 
patients who are male, or who have a greater stroke severity, 

Figure 2. Effects of IOHC on the incidence of SAP, with associated 95% confidence intervals for all patients and subgroups.
DI = Debris Index; GCS = Glasgow Coma Scale; GUSS = Gugging Swallowing Screen; IOHC = intensified oral hygiene care; NIHSS = National Institutes of 
Health Stroke Scale; SAP = stroke-associated pneumonia.
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worse consciousness, worse swallowing function, or poorer 
oral hygiene, providing reference for clinical work. 
Furthermore, our study indicated that IOHC can decrease the 
prevalence of suspected SAP pathogens in the oral cavity. 
Future clinical trials with larger sample sizes are required to 
confirm the effectiveness of IOHC, especially among the 
most vulnerable patient groups.
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Table 2. Oral SAP Pathogens in the IOHC and Control Groups 
at the End of the Follow-Up Period.

Oral SAP pathogens
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n = 43
Control 
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Staphylococcus aureus, n (%) 5 (11.6) 5 (12.2)
Klebsiella pneumoniae, n (%) 3 (7.0) 6 (14.6)
Acinetobacter baumannii, n (%) 0 (0.0) 4 (9.8)
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No SAP pathogen, n (%) 34 (79.1)* 24 (58.5)

IOHC = intensified oral hygiene care; SAP = stroke-associated pneumonia.
*P < .05 (comparison of the SAP pathogen prevalence between the 2 groups).

https://orcid.org/0000-0001-7537-5278

