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ABSTRACT

Background and purpose Guidelines recommend
dysphagia screening to identify those at high risk of
pneumonia. However, little is known about the prevalence
and predictors of dysphagia screening and pneumonia
among patients with acute ischaemic stroke in China.
Methods Using data from the Chinese Stroke Center
Alliance, which is a multicentre, prospective, consecutive
patient enrolment programme, univariate and multivariate
analyses were conducted to identify patient and hospital
characteristics associated with dysphagia screening and
pneumonia during acute hospitalisation.

Results Of 790811 patients admitted to 1476 hospitals,
622718 (78.7%) underwent dysphagia screening, and

64 398 (8.1%) developed pneumonia. Patients in stroke
units were more likely to be screened for dysphagia than
those not in stroke units (OR 1.50; 95% Cl 1.48 to 1.52),
while patients with a past history of stroke were less likely
to be screened (OR 0.87; 95% Cl 0.86 to 0.88). Dysphagia
screening (OR 1.46; 95% Cl 1.30 to 1.65), dysphagia

(OR 7.31; 95%Cl 7.15 to 7.46), and admission to stroke
units (OR 1.17; 95%Cl 1.14 to 1.19) were significantly
associated with a greater risk of pneumonia.
Conclusions Dysphagia was a critical factor in the
development of pneumonia. Nearly one in five patients
with acute ischaemic stroke in the Chinese Stroke Center
Alliance were not screened for dysphagia. Pneumonia
prevention during acute hospitalisation is dependent not
only on dysphagia screening but also on the effectiveness
of subsequent dysphagia management interventions.
Further studies are needed to elucidate the relationship
between dysphagia screening, stroke unit care and
pneumonia in patients with acute ischaemic stroke.

INTRODUCTION

Stroke remains the leading cause of death and
disability in China." Pneumonia is a serious
sequela affecting nearly 10%-40% of patients
with stroke®™* and can compromise functional
outcomes and increase the length of hospital-
isation and the risk of mortality.” ® Dysphagia,
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a main causative factor involved in the devel-
opment of pneumonia.® The identification
and management of dysphagia are crucial for
improving stroke care quality and prognosis.

Dysphagia screening (DS) is a quick and
minimally invasive procedure that assists
with predicting dysphagia and determining
the immediate risk of aspiration. A variety of
screening tools have been developed for this
purpose. Among them, instrumentbased
screening with videofluoroscopy or fibre-optic
endoscopic evaluation of swallowing are the
gold standards for the identification of aspira-
tion in patients with stroke,” '” but the water
swallowing test is the simplest and most cost-
effective bedside screening tool available in
practice.

Previous studies have shown that the early
implementation of DS to identify patients with
dysphagia followed by the prompt initiation of
interventions is effective at preventing pneu-
monia." ¥ Guidelines for the management
of patients with acute ischaemic stroke (AIS)
recommend DS before oral intake, such as
eating, drinking or receiving oral medications,
to identify the risk of aspiration.”” '* Further-
more, DS has been recognised as a key indi-
cator of stroke care quality.” However, data
are limited on clinical practices and outcomes
regarding DS among patients with AIS in China.

Using data from the Chinese Stroke
Center Alliance (CSCA), we aimed to assess
the factors associated with receiving DS and
developing pneumonia during acute hospital-
isation and the relationship between DS and
pneumonia in patients with AIS.

MATERIALS AND METHODS
Data sources

Chunjuan Wang; or difficulty swallowing, affects more than The CSCA is a national, voluntary, multi-
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improvement programme launched in 2015 by the
Chinese Stroke Association under the guidance of the
National Center of Neurological Diseases Care Manage-
ment. Details of the design and implementation of the
CSCA programme have been described elsewhere.'
All Chinese secondary and tertiary grade hospitals are
eligible to join the programme and prospectively report
demographic and clinical data on all consecutive patients
with acute stroke. Information on hospital characteristics,
including geographical region and hospital volume, was
collected. The data coordination, extraction and analysis
centre of the CSCA resides at the China National Clin-
ical Research Center for Neurological Diseases, Beijing
Tiantan Hospital, Capital Medical University. Partici-
pating hospitals were granted permission to report data
without the consent of patients under the common rule
or under a waiver of authorisation and exemption from
their respective Institutional Review Boards, although
individual patients’ identities were kept anonymous to
protect confidentiality as per national standards.'® The
data that support the findings of this study are available
on reasonable request.

Patient characteristics

Patient data were extracted from all CSCA hospitals from
August 2015 to July 2019 and included those who met the
following criteria: (1) aged 18 years or older and (2) had
a primary diagnosis of AIS confirmed by brain CT or MRIL.
We excluded patients with a history of pulmonary infec-
tion within 2 weeks, admission to the intensive care unit
(ICU) or neurological ICU (NICU) and death within 72
hours of admission. Based on the potential clinical rele-
vance to DS and pneumonia, the following patient and
hospital characteristics were included in this study: demo-
graphics (age and sex), arrival by emergency medical
services (EMS), initial National Institute of Health Stroke
Scale (NIHSS) score, admission location, medical history
of diseases and health behaviours (smoking and alco-
holism) and hospital characteristics.

Exposures and outcome

DS referred to the evaluation of swallowing function
of patients by a healthcare professional before any
oral intake, including food, liquid and medication.
The 30 mL water swallowing test was used to screen for
dysphagia at all participating hospitals.'” Dysphagia was
described as difficulty eating and drinking, and levels
III-V on the 30 mL water swallowing test (when patients
experienced choking or coughing or were unable to
drink) indicated the presence of dysphagia. Pneumonia
was diagnosed by clinicians according to the Centers for
Disease Control and Prevention criteria, with support
from clinical, biochemical, microbiological and radi-
ological evidence, such as fever, abnormal chest radi-
ograph, hypoxaemia and isolation of a relevant path-
ogen,'® and identified on the clinical documentation as
a discharge diagnosis.

1,006,798 patients in the CSCA program from

1,476 hospitals

Excluded transient ischemic attack patients

(N=64,929)

Excluded intracerebral hemorrhage and
subarachnoid hemorrhage patients (N=103,640)

Excluded patients who died within 72 hours of

admission (N=1,497)

836,732 initial sample population

Excluded patients without dysphagia screening

information (N=9,514)

Excluded patients with history of pulmonary

infection within 2 weeks (N=3.951)

Excluded patients admitted to the intensive care

unit or neurological intensive care unit (N=32.456)

790.811 study population analyzed for Screened (N=622.718)

screening for predictors of dysphagia Not screened (N= 168.093)

I

790.811 study population analyzed for

Pneumonia (N= 64.398

predictors of pneumonia No pneumonia (N=726.413)

Figure 1 Patient flow chart. CSCA, Chinese Stroke Center

Alliance.

Statistical analysis

Continuous variables are presented as the means with SD
or medians with interquartile ranges. Categorical varia-
bles are presented as absolute numbers with percentages.
Because of the large sample size, absolute standardised
differences (ASDs) were used to compare differences in
baseline characteristics between patients with and without
DS or pneumonia. An ASD >10 indicated a statistically
significant difference in the variable of interest between
groups.'’ Based on clinical experience, variables that may
affect DS or pneumonia were also included in the multi-
variate analysis models. ORs and 95% CIs were generated.
Finally, we conducted a sensitivity analysis in a subset of
the study population with initial NIHSS scores (80.1%
of the patients) and compared the results with those of
the first model (ie, with all patients) to further assess the
impact of stroke severity as a potential confounder. All
tests were two tailed, and p<0.05 was considered statisti-
cally significant. All statistical analyses were performed
using SAS V.9.4 (SAS Institute).

RESULTS

A total of 790811 consecutive patients with AIS from
1476 hospitals were included in the final analytic sample,
622718 (78.7%) of whom had documented DS, and
64398 (8.1%) of whom developed pneumonia (figure 1).
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Table 1 Baseline characteristics of patients with and without DS

Total, n (%) Documented DS, n (%) No documented DS, n (%)
Variables N=790811 N=622 718 (78.7%) N=168 093 (21.3%) ASD
Age, mean (SE) 66.2 (12.0) 66.2 (12.0) 65.8 (11.9) 83
Male 494756 (62.6) 390000 (62.6) 104756 (62.3) 0.6
Arrival by EMS 82859 (10.5) 66569 (10.7) 16290 (9.7) 83
Admission NIHSS score, median 3.0 (2.0-6.0) 3.0 (2.0-6.0) 3.0 (2.0-6.0) 5.7
(IQR)*
0-3 347950 (44.0) 290681 (46.7) 57269 (34.1) 25.9
4-14 251270 (31.8) 211311 (33.9) 39959 (23.8) 22.4
>15 34051 (4.3) 27072 (4.3) 6979 (4.2) 0.5
Hospitalised in SUs 193968 (24.5) 162518 (26.1) 31450 (18.7) 17.8
Medical history
Stroke/TIA 263769 (33.4) 203928 (32.7) 59841 (35.6) 6.1
Hypertension 509975 (64.5) 405731 (65.2) 104244 (62.0) 6.7
Diabetes mellitus 170334 (21.5) 136209 (21.9) 34125 (20.3) 3.9
Dyslipidaemia 61111 (7.7) 47051 (7.6) 14060 (8.4) 2.9
CHD/previous MI 69357 (8.8) 55383 (8.9) 13974 (8.3) 2.1
Atrial fibrillation 39276 (5.0) 31983 (5.1) 7293 (4.3) 3.8
Carotid stenosis 10288 (1.3) 8152 (1.3) 2136 (1.3) <0.01
PVD 13775 (1.7) 10760 (1.7) 3015 (1.8) 0.8
Heart failure 7884 (1.0) 6351 (1.0) 1533 (0.9) 1.0
Dementia 3743 (0.5) 3096 (0.5) 647 (0.4) 1.5
Smoking 293172 (37.1) 232940 (37.4) 60232 (35.8) 3.3
Alcoholism 185420 (23.4) 147324 (23.7) 38096 (22.7) 2.4
Region
Eastern 367586 (46.5) 294309 (47.3) 73277 (43.6) 7.4
Central 258162 (32.6) 194643 (31.3) 63519 (37.8) 13.7
Western 165063 (20.9) 133766 (21.5) 31297 (18.6) 7.2
Hospital grade
Secondary 307090 (38.8) 239975 (38.5) 67115 (39.9) 2.9
Tertiary 483721 (61.2) 382743 (61.5) 100978 (60.1) 2.9

*The NIHSS score was missing for 157540 (19.9%) patients.

.ASDs, absolute standardised differences; CHD, coronary heart disease; DS, dysphagia screening; EMS, emergency medical services; M,

myocardial infarction; NIHSS, National Institute of Health Stroke Scale; PVD, peripheral vascular disease; SUs, stroke units; TIA, transient

ischaemic attack.

Predictors of DS

The baseline characteristics of patients with and without
documented screening are shown in table 1. Patients who
underwent DS were more often admitted to stroke units
(SUs) (26.1% vs 18.7%), and more patients with mild or
moderate strokes received DS (46.7% vs 34.1% of those
with a NIHSS score of 3 or less and 33.9% vs 23.8% of
those with NIHSS scores from 4 to 14).

In multivariable analysis, patients who were admitted
to SUs were more likely to receive DS (OR 1.50; 95% CI
1.48 to 1.52), while patients with a history of stroke/tran-
sient ischaemic attack were less likely to receive DS (OR
0.87; 95% CI 0.86 to 0.88) (table 2, column 2). To deter-
mine whether DS was associated with stroke severity, we

performed a sensitivity analysis in the 80.1% of patients
for whom the initial NIHSS score had been recorded. A
higher admission NIHSS score was associated with not
receiving DS (OR 0.99; 95% CI 0.99 to 0.99) (table 2,
column 4).

Predictors of pneumonia

The baseline characteristics of patients with and without
pneumonia are shown in table 3. The proportion of
patients who developed pneumonia was higher in those
with older age (72.5+11.3 years vs 65.6+11.9 years), higher
admission NIHSS score (median, 7 vs 3), arrival by EMS
(22.0% vs 9.5%), multiple comorbidities, DS performed
prior to oral intake (85.0% vs 78.2%), and dysphagia
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Table 2 Multivariable models of factors associated with documentation of DS

Variable

Patients with and without NIHSS Patients with NIHSS scores,

Hospitalised in SUs

Medical history
Stroke/TIA
Hypertension
Diabetes mellitus
Atrial fibrillation
Smoking

Hospital grade (tertiary vs secondary)
Region, Western (reference)

Eastern
Central

scores, N=790811 N=633271

OR (95% Cl) P value OR (95% Cl) P value
1.50 (1.48 t0 1.52)  <0.0001 1.38 (1.36 to 1.40) <0.0001
0.87 (0.86 t0 0.88)  <0.0001 0.89 (0.88 to 0.91) <0.0001
1.16 (1.14to 1.17)  <0.0001 1.13 (1.11 to 1.14) <0.0001
1.10 (1.08 to 1.11)  <0.0001 1.10 (1.08 to 1.12) <0.0001
1.19(1.16t0 1.22)  <0.0001 1.20 (1.16 to 1.24) <0.0001
1.09 (1.07 to 1.10)  <0.0001 1.02 (1.01 to 1.04) 0.0006
0.98 (0.97 to 1.00) 0.0061 0.97 (0.96 to 0.99) <0.0001
0.95 (0.94 t0 0.97)  <0.0001 1.00 (0.98 to 1.02) 0.8113
0.75 (0.74 t0 0.76)  <0.0001 0.81 (0.80 to 0.83) <0.0001

Admission NIHSS score (per 1-point increase)* -

= 0.99 (0.99 to 0.99) <0.0001

The first column includes all patients; the second column is restricted to patients with available admission NIHSS scores.
*Admission NIHSS score not included due to missing data in 19.9% of patients.
DS, dysphagia screening; NIHSS, National Institute of Health Stroke Scale; SU, stroke unit; TIA, transient ischaemic attack.

(35.6% vs 5.5%) (table 3). Regarding discharge outcomes,
patients with pneumonia had higher in-hospital mortality
(1.7% vs 0.1%), a longer length of stay (13 vs 11 days),
and a higher proportion of patients with an mRS score of
3 or greater (29.4% vs 13.9%) (table 3).

Older age; arrival by EMS; a history of stroke, atrial
fibrillation, heart failure and dementia; receiving DS;
having dysphagia; having unknown swallowing function;
and admission to SUs were significantly associated with
higher odds of pneumonia (table 4). In the sensitivity
analysis of 633271 patients who had a recorded admis-
sion NIHSS score, pneumonia was strongly associated
with a higher NIHSS score at admission (OR 1.08; 95% CI
1.07 to 1.08). There was little change in the direction
or magnitude of the variables associated with the risk of
pneumonia (table 4).

DISCUSSION

In this study, which involved nearly 800000 patients with
AIS, we found that 78.7% of the patients received DS
during hospitalisation, which is slightly lower than find-
ings from previous studies showing the implementation
rate of DS to be greater than 80%.”*' In the HeadPoST
programme, a multinational study conducted between
March 2015 and November 2016, the frequency of DS
was found to be 69.2% in China.® Adherence to DS was
improved because the CSCA provided an opportunity to
increase adherence to evidence-based practices, and DS is
widely carried out in hospitals nationwide. However, one
in five patients with AIS were still not screened. Patients
with a stroke history and a higher NIHSS score were
less likely to receive DS, probably because severe stroke
made early testing impossible or dysphagia was not a care

priority. These patients were also at higher risk for pneu-
monia. Therefore, to prevent pneumonia, special atten-
tion should be paid to performing DS in these two groups
of patients in clinical practice.

Pneumonia is a common complication in the early
stage of stroke and leads to a worse prognosis.” Our study
revealed that 8.1% of patients with AIS developed pneu-
monia, which is consistent with what has been reported
in the literature.? Studies have also shown that older age,
male sex, more severe stroke and comorbid coronary
heart disease and atrial fibrillation are associated with
pneumonia.”** However, dysphagia is the most signifi-
cant predictor of pneumonia.”® International guidelines
recommend screening patients with stroke for dysphagia
prior to oral intake of food, liquid and/or medica-
tions."” ¥ % In addition, early management strategies
following DS, such as dietary adaptations, oral hygiene
and swallowing therapy, are also important for the preven-
tion of pneumonia. Teuschl et alused GUSS to perform DS
and guide dietary modifications in patients who had acute
stroke and reported that the incidence of pneumonia was
5.2%, suggesting that interventions based on the results
of DS were effective at reducing the incidence of pneu-
monia.** Additionally, in a Japanese single-centre study,
the implementation of a multidisciplinary swallowing
team decreased the rate of pneumonia from 16% to 7%.*
It is important to note that patients’ cognitive status may
affect their understanding and compliance with dysphagia
management strategies. As shown in this study, those with
dementia have an increased risk of pneumonia.” Future
studies should aim to include cognitive impairment or
dementia as an additional risk factor to ensure that these
patients have the same opportunities for recovery.
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Table 3 Baseline characteristics of patients with and without pneumonia

Total, n (%)

Pneumonia, n (%) No pneumonia, n (%)

Variables N=790811 N=64 398 (8.1%) N=726 413 (91.9%) ASD
Age, mean (SE) 66.2 (12.0) 72.5(11.3) 65.6 (11.9) 60.3
Male 494756 (62.6) 39435 (61.2) 455321 (62.7) 3.1
Arrival by EMS 82859 (10.5) 14191 (22.0) 68668 (9.5) 34.8
Admission NIHSS score, median (IQR)* 3.0 (2.0-6.0) 7.0 (3.0-13.0) 3.0 (1.0-5.0) 80.4
0-3 347950 (44.0) 14169 (22.0) 333781 (45.9) 52.2
4-14 251270 (31.8) 26305 (40.8) 224965 (31.0) 20.5
>15 34051 (4.3) 11424 (17.7) 22627 (3.1) 49.3
Hospitalised in SUs 193968 (24.5) 19280 (29.9) 174688 (24.0) 13.3
Medical history
Stroke/TIA 263769 (33.4) 25103 (39.0) 238666 (32.9) 12.7
Hypertension 509975 (64.5) 41991 (65.2) 467984 (64.4) 1.7
Diabetes mellitus 170334 (21.5) 13879 (21.6) 156455 (21.5) 0.2
Dyslipidaemia 61111 (7.7) 5341 (8.3) 55770 (7.7) 2.2
CHD/previous Ml 69357 (8.8) 8849 (13.7) 60508 (8.3) 17.3
Atrial fibrillation 39276 (5.0) 8649 (13.4) 30627 (4.2) 32.9
Carotid stenosis 10288 (1.3) 1202 (1.9) 9086 (1.3) 4.8
PVD 13775 (1.7) 1824 (2.8) 11951 (1.6) 8.2
Heart failure 7884 (1.0) 2198 (3.4) 5686 (0.8) 18.2
Dementia 3743 (0.5) 897 (1.4) 2846 (0.4) 10.6
Smoking 293172 (37.1) 23127 (35.9) 270045 (37.2) 2.7
Alcoholism 185420 (23.4) 13755 (21.4) 171665 (23.6) 583
DS performed prior to oral intake 622718 (78.7) 54745 (85.0) 567973 (78.2) 17.6
Swallowing function
Unknownt 171110 (21.6) 9929 (15.4) 161181 (22.2) 17.5
Normal 556869 (70.4) 31561 (49.0) 525308 (72.3) 49.1
Dysphagia 62832 (7.9) 22908 (35.6) 39924 (5.5) 80.3
Discharge outcomes
In-hospital mortality 1662 (0.2) 1077 (1.7) 585 (0.1) 17.0
mRS score at discharget
0-2 270649 (34.2) 10861 (16.9) 259788 (35.8) 43.9
>3 119908 (15.2) 18957 (29.4) 100951 (13.9) 38.3
Length of stay, median (IQR) 11.0 (8.0-14.0) 13.0 (9.0-18.0) 11.0 (8.0-14.0) 38.4
Region
Eastern 367586 (46.5) 30417 (47.2) 337169 (46.4) 1.6
Central 258162 (32.6) 15596 (24.2) 242566 (33.4) 20.4
Western 165063 (20.9) 18385 (28.5) 146678 (20.2) 19.4
Hospital grade
Secondary 307090 (38.8) 21597 (33.5) 285493 (39.3) 12.1
Tertiary 483721 (61.2) 42801 (66.5) 440920 (60.7) 12.1

*The NIHSS score was missing in 157540 (19.9%) cases.

TUnknown: Swallowing status was defined as unknown in patients without documentation of DS and those with missing swallowing function

data.

FThe mRS score at discharge was missing in 400254 (50.6%) patients.

.ASD, absolute standardised difference; CHD, coronary heart disease; DS, dysphagia screening; EMS, emergency medical services; MI,
myocardial infarction; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; PVD, peripheral vascular disease; SUs,
stroke units; TIA, transient ischaemic attack.
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Table 4 Multivariable analysis of factors associated with pneumonia

Patients with and without NIHSS

Patients with NIHSS scores,

scores, N=790811 N=633271

Variable OR (95% CI) P value OR (95% CI) P value
DS performed prior to oral intake 1.47 (1.29 to 1.67) <0.0001 1.65 (1.41 to 1.92) <0.0001
Swallowing function, normal (reference)

Dysphagia 7.31 (7.15 to 7.46) <0.0001 5.00 (4.88 to 5.13) <0.0001

Unknown 1.52 (1.34 to 1.72) <0.0001 1.49 (1.28 to 1.74) <0.0001
Age (per 10 years) 1.56 (1.55 to 1.57) <0.0001 1.53 (1.51 to 1.54) <0.0001
Male (vs female) 1.15(1.12t0 1.17) <0.0001 120 (1.17t01.23)  <0.0001
Arrival by EMS 1.84 (1.79 to 1.88) <0.0001 1.47 (1.43 to 1.51) <0.0001
Hospitalised in SUs 1.17 (1.14 to 1.19) <0.0001 1.13(1.10 to 1.15) <0.0001
Medical history

Stroke/TIA 1.183 (1.11 to 1.15) <0.0001 1.09 (1.06 to 1.11) <0.0001

CHD/previous Ml 1.26 (1.22 to 1.29) <0.0001 1.20 (1.16 to 1.24) <0.0001

Atrial fibrillation 1.68 (1.63 to 1.73) <0.0001 1.39 (1.34 to 1.44) <0.0001

Heart failure 2.02 (1.91 to 2.15) <0.0001 1.92 (1.80 to 2.05) <0.0001

Dementia 1.68 (1.54 to 1.83) <0.0001 1.57 (1.42 t0 1.73) <0.0001

Smoking 1.12 (1.10to 1.15) <0.0001 1.13 (1.11 to 1.16) <0.0001
Hospital grade (tertiary vs secondary) 1.17 (1.151t0 1.19) <0.0001 1.18 (1.15 to 1.20) <0.0001
Region, Western (reference)

Eastern 0.70 (0.68 to 0.71) <0.0001 0.74 (0.72 to 0.76) <0.0001

Central 0.58 (0.57 to 0.60) <0.0001 0.59 (0.58 to 0.61) <0.0001

Admission NIHSS score (per 1-point increase)* —

= 1.08 (1.07 to 1.08) <0.0001

The first column includes all patients; the second column is restricted to patients with admission NIHSS scores.

*Admission NIHSS score not included due to missing data in 157540 (19.9%) of the patients.

CHD, coronary heart disease; DS, dysphagia screening; EMS, emergency medical services; MI, myocardial infarction; NIHSS, National
Institute of Health Stroke Scale; SUs, stroke units; TIA, transient ischaemic attack.

Surprisingly, we found that DS and admission to SUs
were associated with a higher likelihood of developing
pneumonia, although these were likely not causal rela-
tionships. In our study, unknown swallowing function (ie,
not having undergone DS) was also a risk factor for pneu-
monia, which supports the need for the timely perfor-
mance of DS to prevent pneumonia.”’

Similar to our results, the Get With The Guidelines
(GWTG)-Stroke programme in the USA found DS to
be associated with higher odds of pneumonia, likely
because screening was performed in more patients with
severe strokes.”” This association may also have been
confounded by several other variables. First, the lack of
effectiveness of dysphagia interventions may mask the
positive effects of DS. Dysphagia status may also change
several times during hospitalisation, and up to 16% of
patients with dysphagia recovered within 5 days of stroke
onset.” In this study, DS was performed only prior to the
first oral intake, which may lead to an overestimation
of the prevalence of dysphagia in later phases of hospi-
talisation. Conversely, patients who are unconscious or
receiving support via nasogastric tubes are not eligible for
DS but are at high risk for pneumonia.”** They were not

excluded from our study population, which may have led
to an underestimation of the prevalence of dysphagia.
Organised SUs have been found to optimise poststroke
outcomes.” According to the guidelines, all patients who
had acute stroke should be treated in SUs throughout
their inpatient stay.”® In this study, patients who were
treated in SUs were more likely to receive DS and more
likely to develop pneumonia. We compared the character-
istics of patients hospitalised in SUs and non-SUs (online
supplemental table 1). Compared with those hospitalised
in non-SUs, the group of patients hospitalised in SUs
had a higher proportion of patients with an NIHSS score
of 4-14 or greater than 15 and a higher proportion of
patients who arrived by EMS. This suggested that patients
in SUs are more severely ill than those in non-SUs. In the
sensitivity analysis based on the presence of the NIHSS
score on admission, the association between SUs and
pneumonia was weaker than that in the original model
that did not include the NIHSS score. This suggested
that the association between SUs and an increased risk
of pneumonia was somewhat confounded by the severity
of stroke. In addition, the number of patients who were
treated in SUs also affected this relationship; specifically,
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only one in five patients in this study were treated in an
SU, which was lower than the proportion reported in
previous studies.” Moreover, additional factors that could
influence the development of pneumonia in patients with
AIS, such as dysphagia management strategies and anti-
biotic therapy, were not documented in this study. Since
the implementation of SUs in China in 2000, substan-
tial progress has been made,” but it is still a national
priority to accelerate the certification of SUs and improve
the medical quality in SUs. More research is needed to
explain the relationship between dysphagia interventions
in SUs and pneumonia.

Regional variations in the implementation of DS and
the risk of pneumonia were observed in our study. Hospi-
tals in the eastern and central regions had lower rates
of DS than hospitals in the western region of China, but
patients admitted to hospitals in the western region were
also more likely to develop pneumonia. This may be due to
the uneven distribution of medical resources, specifically
the limited resources in hospitals in the western region,
which leads to regional disparities in medical quality as
well as different rates of developing pneumonia. CSCA
and other quality improvement programmes should be
further promoted in hospitals across China, especially
those in the western region, to elucidate and eliminate
regional disparities.

Our study included nearly 800000 participants from
the CSCA, and the findings are likely generalisable to
real-world clinical practice regarding DS and pneumonia
in China. However, there were several limitations. First,
hospitals voluntarily enrolled in the CSCA programme
and were more likely to focus on improvements in stroke
care quality, which may have led to an overestimation of
stroke care quality when compared with a representative
sample of hospitals in China. Second, the timing of pneu-
monia onset was not recorded in the database, which
meant that cases that occurred prior to DS but within 48
hours of admission could not be excluded. This may have
led to an overestimation of the incidence of pneumonia.
Third, swallowing function is dynamic, and patients may
have been screened several times during hospitalisa-
tion. As such, the temporal relationship between DS and
pneumonia in our study may not be consistent across all
patients. Additionally, there were no data on patients with
disturbed consciousness, mechanical ventilation or diet
during hospitalisation; these factors affect eligibility for
DS. Due to the high incidence of pneumonia in patients
receiving mechanical ventilation and nasogastric tubes
in the ICU/ NICU,39 patients admitted to the ICU/NICU
were excluded from the analysis. However, some patients
who were admitted to the ICU/NICU for other reasons,
such as thrombolysis without mechanical ventilation
or nasogastric tubes, were also excluded. Last, several
confounding factors may not have been adequately
accounted for in our analysis. Patients at risk of dysphagia
would have undergone comprehensive dysphagia assess-
ments, dietary adjustment or swallowing rehabilita-
tion after DS, and these variables likely influenced the

relationship between DS and pneumonia but were not
available for inclusion in our models. The high rate of
missing NIHSS scores also limited our ability to adjust for
confounding by stroke severity.

CONCLUSIONS

Dysphagia is one of the strongest predictors of pneu-
monia, which in turn significantly affects the short-term
prognosis in patients with stroke. DS has become a routine
intervention for patients who had a stroke in China, but
its implementation is inconsistent across regions, and
the overall rate remains low. To reduce the incidence of
in-hospital pneumonia among patients who had a stroke,
the CSCA programme should be further promoted in
hospitals across China, and the standardised manage-
ment strategies for dysphagia should be refined. In the
future, more observational studies with DS as the primary
variable of interest as well as randomised controlled trials
with interventions pertaining to training for swallowing
function are needed to elucidate this issue and support
the development of strategies to reduce the risk of pneu-
monia in patients hospitalised for stroke.
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