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Abstract. – OBJECTIVE: Poststroke dyspha-
gia (PSD) is one of the most significant prob-
lems after stroke. The prognosis of dysphagia is 
closely related to the outcomes of stroke. This 
meta-analysis aimed at identifying and evaluat-
ing critical predictors of prognosis for PSD.  

MATERIALS AND METHODS: Electronic da-
tabases were searched for relevant case-control 
and cohort studies in which the prognostic fac-
tors of PSD were reported. The methodological 
quality of the studies was assessed using the 
Newcastle-Ottawa Scale. Review Manager 5.3 
was used to calculate odds ratios (OR) and their 
95% confidence intervals (CI) of the included 
factors and to perform heterogeneity and sensi-
tivity analyses. Stata 15.1 was used to evaluate 
publication bias.   

RESULTS: Eighteen of 3132 total studies were 
finally included in this meta-analysis. Ten pre-
dictors of PSD were identified, including 2 pro-
tective factors and 8 risk factors. Early interven-
tion (OR=0.75, 95% CI=0.61-0.93) and an MRS 
(modified Rankin scale) score of 0 before onset 
(OR=0.58, 95% CI=0.47-0.71) were related to a bet-
ter prognosis of PSD. The risk factors ranked by 
pooled OR values were aspiration (OR=7.64, 95% 
CI=5.94-9.82), brainstem injury (OR=4.82, 95% 
CI=3.01-7.72), severity of stroke (OR= 3.06, 95% 
CI=1.69-5.53), bihemispheric injury (OR=3.0, 95% 
CI=1.67-5.40), older age (OR=1.75, 95% CI=1.50-
2.04), malnutrition (OR=1.36, 95% CI=1.22-1.53), 
severe dysphagia on admission (OR=1.16, 95% 
CI=1.03-1.29), and reduced level of conscious-
ness (OR=1.03, 95% CI=1.00-1.07). 

CONCLUSIONS: Prognostic factors for a 
good outcome of PSD included early interven-
tion and an MRS score of 0 before onset. Aspi-
ration, brainstem injury, severe stroke and bi-
hemispheric injury are the four most significant 
predictors of poor prognosis in PSD. Identifying 
these prognostic factors should help clinicians 
to better detect patients at risk and provide ef-
fective interventions for PSD.
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Introduction

Poststroke dysphagia (PSD) is one of the most 
common complications of stroke. Approximately 
30%-80% of patients suffer from dysphagia after 
stroke, depending on the methods of evaluation, 
the lesion location, and the elapsed time period 
from the onset of the stroke1-5. Previous studies4,6 

have demonstrated that PSD is a significant in-
dependent risk factor affecting the prognosis of 
stroke patients. The incidences of pulmonary in-
fection, malnutrition, dehydration and self-care 
disorders in PSD patients were three times higher 
than those in patients without PSD7,8, which seri-
ously affected the recovery of brain function9-11. 
These factors may result in increased fatality and 
disability rates, prolonged hospitalization time12, 
and increased costs of treatment and rehabilita-
tion13. A series of severe health problems caused 
by PSD is one of the leading potential causes of 
stroke-related death14-17. Once aspiration occurs, 
aspiration pneumonia and acute airway obstruc-
tion can occur, which can directly lead to death 
in severe cases18. Statistics have shown that 20% 
of stroke patients die of aspiration pneumonia 
caused by dysphagia within one year of onset19. 
In addition, PSD can also create a social, psy-
chological and economic burden for patients and 
their families. Some researchers have found that 
PSD was related to depression, loneliness, anx-
iety and panic disorders, embarrassment and 
loss of self-esteem during eating, which signifi-
cantly reduced the quality of life of patients20,21.  
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Thus, PSD is closely associated with poor out-
comes in stroke patients. It is evident that all 
patients with stroke must be evaluated for dys-
phagia. If PSD is noted, it must be given great 
attention. Systemic analysis of factors related to 
the prognosis of PSD to improve strategic inter-
ventions and prognosis is indispensable.

Some previous studies6,26,27,28,29,30,31,36,37,39,41, 

42,44,47,48,50,51,52 have reported a series of factors 
related to good or poor outcomes of PSD, in-
cluding age, time of intervention, malnutrition, 
severity of stroke and dysphagia, location of the 
stroke, degree of dysfunction before onset and 
on admission, and disturbance of conscious-
ness. However, these studies did not provide 
consistent evidence on any certain factor for 
medical decision-making and intervention. The 
conflicting findings could plausibly be attribut-
ed to heterogeneous patient populations, small 
sample sizes lacking statistical power and a lack 
of convincing and rigorous designs. Most im-
portantly, there are no specific data to compare 
and rank these prognostic factors, making it dif-
ficult to clarify which prognostic factors are the 
most stable and critical. Therefore, it is urgent to 
discover important prognostic factors to estab-
lish multivariable prognostic prediction models 
and assessment scales in follow-up studies. To 
our knowledge, no systematic review involving 
a meta-analysis of observational studies on the 
prognostic factors of PSD has been conducted 
to date. To help clinicians better detect patients 
at risk and to provide effective interventions for 
PSD, we conducted a meta-analysis.

Materials and Methods

The search strategy was developed, reviewed 
and refined following the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis 
(PRISMA) guidelines22.

Literature Search Strategy
The PubMed, Embase, Web of Science, EB-

SCO, Cochrane Library, ScienceDirect, Chinese 
BioMedical Literature Database (CBM), China 
National Knowledge Infrastructure (CNKI), 
VIP database of Chinese periodicals, and Wan-
fang Data Knowledge Service Platform databas-
es were searched to identify potentially relevant 
observational studies. Search terms were set 
with the subject headings and common terms 
(“Deglutition Disorders” or “Deglutition Disor-

der*” or “Swallowing Disorder*” or “Dyspha-
gia”) and (“Stroke” or “CVA” or “Cerebrovas-
cular Accident*” or “Brain Vascular Accident*” 
or “Apoplexy”) and (“Prognosis” or “Prognoses” 
or “outcome*”). The reference lists from the in-
cluded articles were manually examined to iden-
tify other potentially relevant manuscripts. No 
time or language restrictions were used in the 
search.

Study Selection
The articles from all the above databases were 

imported into Endnote, and duplicates were delet-
ed. Articles were screened for potential relevance 
based on title and abstract, and articles that were 
clearly outside of the scope of this review were 
removed. Uncertainty on eligibility was resolved 
by discussion between the co-authors. After the 
initial screening, the full texts of the remaining 
articles were retrieved for the final decision on the 
inclusion of the studies in the meta-analysis, and 
discrepancies were resolved by discussion. Stud-
ies that meet the following criteria were finally 
included: 
– Case-control and cohort studies that focused 

on risk factors or predictive factors for the 
prognosis or outcomes of PSD patients.

– All patients (18 years or older) were diagnosed 
with poststroke dysphagia.

– Definite standards were used to assess the 
prognosis or outcomes of PSD patients, which 
could be variant but acceptable.

– Full-text articles that were published in En-
glish or Chinese.

– The studies provided odds ratios (OR) and 
95% confidence intervals (CI) values of the 
prognostic factors that could be used to calcu-
late the statistics.

Data Extraction and Quality Assessment
Two qualified investigators independently ex-

tracted and recorded the following information: 
name of the first author, publication year, study 
type, characteristics of the participants, sample 
size, methods of dysphagia assessment, OR value 
and 95% CI. The methodological quality of the 
included studies was evaluated using the New-
castle-Ottawa Scale (NOS), which was used for 
case-control studies and cohort studies, and was 
based on the following three components: selec-
tion, comparability, and exposure (outcome)23. 
The total possible NOS score is 9 points, and 0–3 
points, 4–6 points and 7–9 points represent low-, 
medium- and high-quality, respectively.
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Statistical Analysis
Review Manager 5.3 and Stata/SE 15.1 were 

used to conduct the meta-analysis and assess pub-
lication bias, respectively. OR were used for the 
quantitative analyses. Forest plots were produced 
to visually assess the OR and corresponding 95% 
CI for each factor. Chi-square tests were used for 
hypothesis testing (Z distribution, p < 0.05 was 
considered statistically significant). The I2 statis-
tic was used to assess each study’s heterogeneity 
size, which was described as low, moderate and 
high with I2 values of 25, 50 and 75%, respective-
ly24. The random-effects model was chosen when 
I2 was > 50%, and the fixed-effects model was cho-
sen when I2 was ≤ 50%. Sensitivity analysis was 
performed by removing the articles one by one and 
then comparing the I2, OR and p-values before and 
after the removal. Begg’s and Egger’s regression 

asymmetry tests were conducted using Stata/SE 
15.1 to evaluate possible publication bias; p < 0.05 
was considered indicative of statistically signifi-
cant publication bias. Prognostic factors for PSD 
were estimated using the OR and 95% CI values, 
and the factor was considered to be significantly 
associated when the p-value was < 0.05.

Results

Characteristics and Quality 
of the Selected Studies

The search flowchart is shown in Figure 1. 
A total of 3132 relevant studies were searched 
(PubMed: n = 518, Embase: n = 342, Web of 
Science: n = 270, EBSCO: n = 52, Cochrane li-
brary: n = 22, Science direct: n = 1327, CNKI: n 

Figure 1. Flowchart of the selection process and reasons for study exclusion.
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= 389, CBM: n = 107, VIP: n = 44, WAN FANG 
DATA: n = 61). Endnote X9 identified 441 du-
plicate articles; 221 articles were excluded for 
ineligible publication type or research type. Af-
ter screening the titles and abstracts, 2369 arti-
cles were excluded for uncorrelated research 
content. After reading the full texts, 18 articles 
were included from the remaining 101. Among 
the 18 studies6,26,27,28,29,30,31,36,37,39,41,42,44,47,48,50,51,52, 
one study51 was a case-control study, and 17 stud-
ies6,26,27,28,29,30,31,36,37,39,41,42,44,47,48,50,52 were cohort 
studies. All the included studies were of high 
quality (NOS scores ≥ 7 points). The characteris-
tics and quality scores of the included studies are 
listed in Table I. No publication bias was discov-
ered among the selected studies (Table II).

Prognostic Factors
A total of 28 factors related to the prognosis of 

PSD were extracted from the included studies. Only 
11 of the 28 factors were finally included in the me-
ta-analysis and were identified by three or more stud-
ies. The included prognostic factors contained older 
age, severe stroke, poor performance ability of ADL, 
malnutrition, early intervention, severe dysphagia, 
reduced level of consciousness, aspiration, brain-
stem injury, bihemispheric brain injury, and an MRS 
(modified Rankin scale) score of 0 before onset.

Older age
Ten included studies6,26,29,37,39,41,42,47,48,50 reported 

the impact of older age on the prognosis of PSD. 
The pooled data under the random-effects model 
showed an OR of 1.75 (1.50-2.04, p < 0.00001) with 
substantial heterogeneity (I2 = 96%, p < 0.00001). 
The sensitivity analysis revealed that four stud-
ies26,29,39,42 were possible outliers. By omitting the 
four aberrant studies, the heterogeneity was sharp-
ly reduced (I2 = 25%, p = 0.25), and the synthe-
sized OR was 1.78 (1.45-2.17, p < 0.00001) under 
the fixed-effect model (Figure 2). Older age was a 
risk factor for poor prognosis of PSD.

Severe stroke
Five included studies29,30,36,37,44 explored the re-

lationship between the severity of stroke and the 
prognosis of PSD. The results of the initial me-
ta-analysis showed an OR of 3.06 (1.69-5.53, p < 
0.001) under the random-effects model, but high 
heterogeneity was found (I2 = 88%, p < 0.00001). 
By sensitivity analysis, one study44 was omitted 
without a significant effect on the OR of 3.66 
(2.195-6.12, p < 0.00001) under the random-ef-
fects model, and the heterogeneity changed to 

moderate (I2 = 60%, p = 0.25) (Figure 3). The re-
sults showed that the more severe the stroke was, 
the worse the prognosis of PSD.

Poor ability ADL
Four included studies6,42,47,48 reported the ability 

to perform activities of daily life (ADL) to predict the 
prognosis of PSD. The heterogeneity was moderate 
(I2 = 66%, p = 0.23). Heterogeneity was not altered 
by removing any studies, and all studies remained. 
The results of the meta-analysis showed an OR of 
1.75 (0.84-3.63, p > 0.05) under the random-effects 
model (Figure 4). The ability to perform ADL was 
not significantly related to the prognosis of PSD.

Malnutrition
Four included studies31,37,42,50,51 were pooled to 

investigate the effect of malnutrition on the prog-
nosis of PSD. The analysis was conducted under 
the fixed-effects model with an OR of 1.36 (1.22-
1.53, p < 0.00001), without apparent heterogeneity 
(I2 = 25%, p = 0.26) (Figure 5). Malnutrition was a 
risk factor for poor prognosis of PSD.

Early intervention
Data from four included studies26,27,28 were 

input into the meta-analysis, and the pooled OR 
was 0.75 (0.61-0.93, p < 0.05). The heterogene-
ity changed from high (I2 = 96%, p < 0.00001) to 
moderate (I2 = 73%, p = 0.03) by omitting one ab-
errant study. Under the random-effects model, the 
synthesized OR was 0.54 (0.47-0.88, p < 0.00001) 
(Figure 6). Early intervention was a protective 
factor for the prognosis of PSD.

Severe dysphagia on admission
Four included studies27,28,42,51 explored the re-

lationship between the severity of dysphagia on 
admission and the prognosis of PSD. Moderate 
heterogeneity was observed (I2 = 70%, p = 0.02). 
The meta-analysis was performed under the ran-
dom-effects model, and the results of the me-
ta-analysis showed an OR of 1.16 (1.03-1.29, p < 
0.05) (Figure 7). Severe dysphagia on admission 
was a risk factor for poor prognosis of PSD.

Aspiration
Three studies36,37,41 evaluated the impact of as-

piration on the prognosis of PSD. No heterogeneity 
was found (I2 = 0%, p = 0.02). The meta-analysis 
was performed under the fixed-effects model, and 
the results of the meta-analysis showed an OR of 
7.64 (5.94-9.82, p < 0.00001) (Figure 8). Aspiration 
was a strong risk factor for poor prognosis of PSD.
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Study Publication Country Setting Study design Number of Sex Age Exposure Quality
 (year)    participants (M/F) (years) factorsa assessmentb

Nakajima et al29 2012 Japan Hospital Cohort 512 209/303 82 (Range 75–87) 1,2,6,12,13,28 7ó
Nakadate et al50 2016 Japan Rehabilitation Hospital Cohort 107 64/43 72.1±11.0 1,4,6 7ó
Takahata et al26 2011 Japan Hospital Cohort 219 128/91 69.2±11.7 (Early intervention) 1,5,8,14,15 8ó
       68.0 ± 12.7(Control) 
Ikenaga et al51 2017 Japan Rehabilitation ward Case-control 72 52/20 72.9±11.4 (Complete oral intake) 4,7,8 8ó
       78.9±8.3 (Incomplete oral intake) 
Shimizu et al42 2019 Japan Rehabilitation Hospital Cohort 188 120/68 78.9 ± 7.7 1,3,4,7 8ó
Toscano et al44 2015 Italy Hospital Cohort 275 138/137 73± 11.6 2,8,16,27 8ó
Nakajima et al30 2012 Japan Hospital Cohort 525 322/203 69.9 ± 11.6(Oral intake) 2,3,28 7ó
       77.1 ± 9.2 (Non-oral intake) 
Calvo et al41 2019 Italy Rehabilitation Hospital Cohort 163 78/85 75.8±10. 9 1,9,17 9ó
Kumar et al36 2014 USA Hospital Cohort 323 134/189 75.9 ±13.6 2,9,10,11,18 8ó
Nishioka et al31 2017 Japan Hospital Cohort 264 165/109 78.5 ±7.5 3,4,5,19 8ó
Zhang et al48  2012 China Hospital Cohort 179 121/58 67.47±9.8 1,3,13 8ó
Zhan et al39  2018 China Rehabilitation ward Cohort 97 97/73 Range 35-91 1,8,14,18 8ó
Lan et al47 2002 China Hospital Cohort 56 30/26 69.3 (Range 36-85) 1,3,14,18 8ó
Wang et al6 2011 China Hospital Cohort 116 67/49 72 (Range 45-85) 1,3 9ó
Peng et al28 2006 China Hospital Cohort 84 39/45 61.4 (Range 33-85) 5,7,8,20 9ó
Wei et al52 2010 China Hospital Cohort 118 89/29 68.09±7.85 8,21,22,23,24,25,26 8ó
Xie et al37 2015 China Hospital Cohort 296 149/150 64.3±11.2 (no dysphagia) 1,2,4,5,9,11 7ó
       75.6±6.5 (dysphagia) 
Hu et al27 2013 China Hospital Cohort 80 36/34 72.5 (Range 56-88) 5,8,7,20 8ó

Table I. Characteristics of the included studies.

aExposure factors: 1. older age; 2. severity of stroke; 3. poor ADL performance; 4. malnutrition; 5. early intervention; 6. elevated WBCs; 7. severe dysphagia on admission; 8. reduced level of consciousness; 9. 
aspiration; 10. dysarthria; 11. intubation; 12. cardioembolism; 13. hyperlipidaemia; 14. brainstem injury; 15. haematoma volume; 16. severity of white matter changes; 17. presence of residue; 18. bihemispheric 
injury; 19. pneumonia incidence; 20. visual and auditory impairments; 21. lingual hemiplegia; 22. difficulty in lifting the tongue; 23. bilateral facial paralysis; 24. decreased autonomic cough; 25. disappearance of 
pharyngeal reflex; 26. sound changes after eating; 27. haemorrhagic stroke; 28. An MRS score of 0 before onset
bThe quality assessment was performed using the NOS scale.
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Table II. Odds ratios with 95% confidence interval values and publication bias of risk factors for the included studies.

Relative Combination Analysis Hetero-              Meta-analysis Begg’s Egger’s
 factors studies model geneity   test (p) test (p)
   of studies  OR (95% CI) p-value
   (I2)

Older age 6 Fixed 25% 1.78(1.45, 2.17) p<0.00001 0.851 0.230
Severe stroke 4 Random 60% 3.66(2.19, 6.12) p<0.00001 0.734 0.92
Poor performance 4 Random 66% 1.75(0.84, 3.63) p=0.14 1.000 0.072
 ability of ADL
Malnutrition 5 Fixed 25% 1.36(1.22, 1.53) p<0.00001 0.086 0.162
Early intervention 3 Random 73% 0.64(0.47, 0.88) p=0.005 0.296 0.118
Severe dysphagia  4 Random 70% 1.16(1.03, 1.29) p=0.01 0.089 0.156
 on admission 
Aspiration 3 Fixed 0% 7.64(5.94, 9.82) p<0.00001 0.602 0.066
Reduced level  4 Random 72% 1.03(1.00, 1.07) p=0.03 0.174 0.142
 of consciousness
Brainstem injury 3 Fixed 0% 4.82(3.01, 7.72) p<0.00001 0.602 0.309
Bihemispheric injury 3 Random 57% 3.00(1.67, 5.40) p=0.0002 1.000 0.262
An MRS score of  3 Fixed 0% 0.58(0.47, 0.71) p<0.00001 0.296 0.053
 0 before onset

Figure 2. Forest plot for older age.

Figure 3. Forest plot for the severity of stroke.

Figure 4. Forest plot for the performance ability of ADL.
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Reduced level of consciousness
Seven included studies26,27,28,29,44,51,52 reported that 

a reduced level of consciousness was related to the 
prognosis of PSD. The heterogeneity was high (I2 = 
93%, p < 0.00001). Through the sensitivity analysis, 

three aberrant studies26,29,52 were found and omitted, 
and the analysis under the random-effects model 
showed a similar result with an OR of 1.03 (1.00-1.07, 
p < 0.05) (Figure 9). A reduced level of consciousness 
was a risk factor for poor prognosis of PSD.

Figure 5. Forest plot for malnutrition.

Figure 6. Forest plot for early intervention.

Figure 7. Forest plot for the severity of dysphagia on admission.

Figure 8. Forest plot for aspiration.
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Brainstem injury
Three included studies26,39,47 reported that 

patients with brainstem injury presented a 
close association with poor prognosis of PSD. 
No heterogeneity was found (I2 = 0%, p = 0.80) 
among the studies. The meta-analysis was per-
formed under the fixed-effects model, and the 
results showed that brainstem injury had a sig-
nificantly higher association with poor prog-
nosis of PSD (OR 4.82; 3.01-7.72, p < 0.00001) 
(Figure 10).

Bihemispheric injury
Data from three included studies36,39,47 were 

pooled to investigate the effect of bihemispheric 
injury on the prognosis of PSD. Moderate het-

erogeneity was found (I2 = 57%, p = 0.10). Un-
der the random-effects model, the results of the 
meta-analysis showed an OR of 3.0 (1.67-5.40, p 
<0.001) (Figure 11). Bihemispheric injury was a 
risk factor that was significantly associated with 
the poor prognosis of PSD.

MRS score of 0 before onset
Data on the influences of general status be-

fore onset on the prognosis of PSD were available 
from three studies29,30,31, with a pooled OR of 0.58 
(0.47-0.71, p < 0.00001) under the fixed-effects 
model with no between-study heterogeneity (I2 = 
0%, p = 0.54) (Figure 12). An MRS score of 0 be-
fore onset was regarded as a protective factor for 
better prognosis of PSD.

Figure 9. Forest plot for the reduced level of consciousness.

Figure 10. Forest plot for brainstem injury.

Figure 11. Forest plot for bihemispheric injury.
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Discussion

PSD has gained increased attention in recent 
years due to its high prevalence, persistence, and 
implications on the health, quality of life, and recov-
ery of stroke survivors. Swallowing function is one 
of the first functions to recover for PSD patients25. 
Identifying which factors are related to the out-
comes of PSD is critical to better identify patients at 
risk of poorer outcomes and is also essential for pre-
dicting the probability of recovering oral feeding or 
continuing enteral tube feeding over a long period of 
time and effectively developing rehabilitation strat-
egies. In this study, we conducted a meta-analysis 
to identify the factors associated with the prognosis 
of PSD. Ten factors were found to be significantly 
related to the prognosis of PSD, including older age, 
severe stroke, poor performance ability of ADL, 
malnutrition, early intervention, severe dysphagia, 
reduced level of consciousness, aspiration, brain-
stem injury, bihemispheric brain injury and an MRS 
score of 0 before onset. Poor performance ability of 
ADL did not show good predictive value.

Early intervention and an MRS score of 0 be-
fore onset were two protective factors identified in 
this meta-analysis. Early intervention in dyspha-
gia was an active protective factor for the progno-
sis of PSD. The earlier the intervention begins, the 
better the recovery of dysphagia26-28. Early screen-
ings for dysphagia should be performed within 24 
hours after stroke onset to formulate and employ 
effective rehabilitation and treatment measures as 
soon as possible, which could promote a positive 
outcome for the functional recovery of PSD. An 
MRS score of 0 was used in the included studies 
to reflect a patient’s good general status29-31. An 
MRS score of 0 before onset showed a moderate 
association with a better prognosis of PSD. The 
results showed that patients in good general status 
before the onset of stroke had a higher incidence 
of regaining swallowing function than those who 
already had a certain degree of disability.

The presence of aspiration was the strongest 
predictor of prolonged dysphagia, with a pooled 
OR of 7.64. Overt clinical signs of aspiration 
were related to severe dysphagia in patients with 
stroke and were associated with a series of com-
plications. In Wilmskoetter et al32, the results also 
showed that the absence of aspiration was the 
strongest predictor for gastrostomy tube remov-
al in patients with dysphagia after stroke. Icken-
stein33 reached a similar conclusion that signs of 
aspiration in the first 72 hours of acute stroke can 
predict severe swallowing problems on Day 90. 
Therefore, PSD patients should be evaluated with 
established dysphagia scales or instruments to 
prevent aspiration pneumonia and malnutrition 
and to reduce the further aggravation of dyspha-
gia caused by aspiration.

Severe stroke, brain stem and bihemispheric in-
jury were identified as strong risk factors for poor 
prognosis of PSD in this meta-analysis. As a pow-
erful prognostic factor for dysphagia14,34,35, stroke 
severity was recognized as a significant predictor 
for stroke recovery29,30,36,37. The National Institutes 
of Health Stroke Scales (NIHSS) score is a popu-
lar tool for evaluating the severity of stroke. The 
results of our meta-analysis showed that a higher 
NIHSS score was strongly associated with poor 
outcomes of PSD. However, stroke symptoms fluc-
tuate dramatically in the acute phase of stroke38, 
and the evaluation time of the NIHSS score has a 
significant impact on the predictive effect. Thus, 
the NIHSS score on Day 1029,30 was more predic-
tive of the long-term outcome of the swallowing 
status of PSD patients than the NIHSS score on 
admission. Brain stem and bihemispheric inju-
ry36,39,40 emerged as substantial negative predictive 
factors for the prognosis of PSD, with pooled ORs 
of 4.82 and 3.00, respectively. Lesions involving 
the brainstem where the medulla oblongata is lo-
cated, or bilateral cortical brainstem tracts caused 
by stroke, are the main mechanisms of PSD41. The 
primary motor cortex associated with swallowing 

Figure 12. Forest plot for an MRS score of 0 before onset.
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is involved, particularly for larger lesions such as 
bihemispheric injuries, and PSD is more likely to 
persist. Therefore, more attention should be given 
to PSD patients with brain stem and bihemispheric 
injury for better planning rehabilitation and health 
care strategies.

Older age and malnutrition were moderate risk 
factors for the prognosis of PSD. Based on the re-
sults of the meta-analysis, we found that an age ≥ 
70 years old was moderately associated with poor 
outcomes of PSD, which was a negative predic-
tor of oral feeding resumption42. With increasing 
age, the volume and contractile intensity of the 
oral, facial and pharyngeal muscles decrease sig-
nificantly. These factors affected the initiation 
and coordination of swallowing function, and 
other chronic diseases often influence patients 
with advanced age and obtaining their partici-
pation in the therapy and rehabilitation process 
was difficult. All the above shortcomings of older 
age were reasons for the poor prognosis of PSD. 
However, the average ages of the participants in 
the included studies of this meta-analysis were all 
over 60 years, which made the association effect 
not strong. However, it suggested that an increase 
in age would further exacerbate the prognosis 
of PSD. Malnutrition was moderately associat-
ed with poor outcomes of PSD. Dysphagia after 
stroke leads to malnutrition owing to insufficient 
nutritional intake and causes secondary sarcope-
nia of the swallowing-related muscles, which re-
sults in prolonged dysphagia and reduced effects 
of swallowing rehabilitation43. PSD patients with 
malnutrition tend to have a higher incidence rate 
of pneumonia, which negatively affects swallow-
ing function31. Thus, undergoing aggressive nu-
tritional support in conjunction with swallowing 
rehabilitation is beneficial for PSD patients to re-
cover from dysphagia.

Severe dysphagia on admission and reduced 
level of consciousness were identified as minor 
risk factors for the prognosis of PSD. The severity 
of dysphagia was closely related to the type and 
characteristics of stroke, which determined the 
paralysis degree of the muscles related to swal-
lowing. Some patients with severe dysphagia still 
needed nasogastric feeding to maintain nutrition 
after various rehabilitation training. In addition, 
stroke patients with severe dysphagia on admis-
sion demonstrated more severe malnutrition43,44, 
which was another negative predictor for poor 
prognosis of PSD, as discussed above. There-
fore, the patients with severe dysphagia on ad-
mission were more likely to have poor outcomes 

of dysphagia. A reduced level of consciousness 
emerged as a minor association with the poor 
prognosis of PSD, with a pooled OR of 1.03. Pre-
vious studies45-47 have reported that cognitive im-
pairment caused by stroke-related brain lesions 
might impair swallowing function. Moreover, pa-
tients with a reduced level of consciousness have 
a poor ability to judge food information and poor 
cooperation ability, which seriously affects the 
therapeutic and rehabilitative effects. Therefore, 
the rehabilitation of cognitive impairment is also 
an essential basis for the recovery of PSD.

In addition, this meta-analysis did not find 
any significant associations between poor per-
formance ability of ADL and prognosis of PSD, 
although poor performance ability of ADL is a 
risk factor that affected the prognosis of PSD in 
many studies in the literature43,48-50. The contra-
dictory conclusion may be caused primarily by 
interaction effects between poor performance 
ability of ADL and other risk factors poststroke. 
One recently published review showed that age, 
impaired cognitive function and impaired motor 
function of the leg were associated with a decline 
in ADL poststroke51. Furthermore, there could 
have been selection bias owing to most of the PSD 
study population being from hospitals, where 
PSD patients are more likely to have a history of 
poor performance ability of ADL.

This meta-analysis aimed to better identify the 
factors related to the prognosis of PSD, including 
protective factors and risk factors, which serve as 
helpful, simple and convenient resources for pre-
paring rehabilitation plans, making a judgement 
of when a patient may experience recovery of oral 
intake and when considering a gastrostomy. Espe-
cially in some cases, equipment examinations such 
as a VFSS (videofluoroscopic swallowing study) or 
a FEES (fibreoptic endoscopic evaluation of swal-
lowing) cannot be performed due to professional 
and environmental limitations. To date, no other 
meta-analysis has been found that covers this top-
ic. We hope our results may provide insight into the 
prediction of prognosis for dysphagia after stroke.

Limitations

There are several limitations to this meta-analy-
sis. First, 28 factors were extracted from 18 includ-
ed studies, but only 11 of the 28 factors were identi-
fied simultaneously by more than three studies that 
met the criteria for inclusion in the meta-analysis. 
Some factors, such as hyperlipidaemia, haemor-



C.H. Liu, M. Huo, H.H. Qin, B.L. Zhao

620

rhagic stroke, and decreased autonomic cough, 
which were reported as significant risk factors for 
the prognosis of PSD by only one or two studies, 
were excluded by the authors. Second, with regard 
to outcome assessment, recovery to complete oral 
intake was used as the outcome indicator in 3 of 
the 18 included studies, and standardized screen-
ing tools for dysphagia were chosen to evaluate the 
prognosis of PSD in the other 15 studies. Subgroup 
analysis was unable to be performed for the fac-
tors that were included in fewer studies. Although 
the inconsistencies in the evaluation of the out-
come indicators between the studies did not affect 
the overall results, the results of the meta-analysis 
should be interpreted with caution. Third, Begg’s 
and Egger’s tests were performed to calculate pub-
lication bias for all relative factors included in this 
meta-analysis, and no significant bias was found. 
However, publication bias could not be fully ex-
cluded because fewer studies lowered the statistical 
power of Begg’s and Egger’s tests. Last, the litera-
ture finally included in this study was mainly pub-
lished in Chinese, which could also result in some 
bias in our study. Therefore, more high-quality 
studies are needed to provide sufficient evidence 
for further meta-analysis.

Conclusions

Previous studies have identified multiple re-
lated factors for the prognosis of PSD. In this 
study, ten factors were finally identified as critical 
prognostic factors that are significantly associated 
with the prognosis of PSD. The critical prognostic 
factors identified in this meta-analysis may serve 
as helpful references for clinical decision-making 
during the rehabilitation process of PSD patients 
and might be an important support for the estab-
lishment of a prognostic prediction tool for PSD. 
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