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ABSTRACT
This study aimed to conduct a meta-analysis to assess the possible risk factors of stroke-associated pneumonia (SAP). A comprehensive
search of PubMed, Medline, and Cochrane Library was gathered from 2000 to April 2022. A case-control study evaluating the risk factors
of SAP was selected. The major finding of this study was that dysphagia, atrial fibrillation, gender, diabetes mellitus, and hypertension
were risk factors that determine the development of SAP. The random-effects strategy was used to highlight study-specific outcomes.
Only 14 papers out of 651 met the criteria for inclusion and were included in the study. The quality of this study was generally excel-
lent. Risk factors associated with SAP were gender (pooled OR 1.48,95% CI 1.18-1.85), dysphagia (pooled OR 2.61, 95% CI 1.97-3.46),
atrial  fibrillation (pooled OR 2.08,  95% CI  1.68-2.57),  diabetes mellitus (pooled OR 1.32,  95% CI  1.17-1.49),  hypertension (pooled OR
1.19, 95% CI 1.05-1.34). This research is crucial because some risk factors are easily recognised, and patients with one or more of these
risk factors were developing SAP. Disorders such as dysphagia, atrial fibrillation, diabetes, and hypertension should be addressed and
managed to reduce the incidence of SAP conundrums.
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INTRODUCTION

Cardiovascular  disorders,  fever,  venous  thromboembolism,
dysphagia,  pain,  depression,  pneumonia,  and incontinence
are all frequent comorbidities in stroke patients, with stroke-re-
lated pneumonia being the most common. According to the
literature, the incidence rate of SAP varied between 5% and
30%  in  different  countries.1  Despite  the  fact  that  severe
strokes cause early mortality, pneumonia remains the leading
cause of death following an acute stroke, regardless of hospital-
isation.2 Yuan et al., conducted a meta-analysis on the risk
factors for stroke-associated pneumonia (SAP).3 However, the
great majority of studies evaluated only provided crude ORs
(univariate regression analysis), despite the large potential for
confounding by age,  gender,  and other  associated factors,
adjusted ORs are more reliable. As a result, a comprehensive
systematic review and meta-analysis of the prevalence of SAP
were performed in order to study the risk factors, and these
results are anticipated to be beneficial to health professionals
working with SAP patients.
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METHODOLOGY

A  comprehensive  search  was  undertaken  in  the  PubMed,
Cochrane databases, and Embase from 2000 to April  2022.
Using the following key phrases ‘Ischemic Stroke’, ‘Pneumonia’
‘no COVID-19’, a systematic review of the literature was carried
out with the goal to identify articles. Non-English language liter-
ature,  unrelated  articles,  and  nonrandomised  experimental
designs were disqualified. Six hundred and fifty-one papers
were assessed for the literature review, with data from 14 of
them being collected. Figure 1 depicts the article evaluation
process. Each study was assessed by two independent investi-
gators. The Newcastle-Ottawa Scale (NOS), a quality assess-
ment tool, was used to evaluate the quality of the literature.
Those with five stars were selected for the study. A group discus-
sion was used to resolve any disputes among the reviewers.

Data from the 14 case-control studies were analysed by two
scientists (Jing Huang and Shou-Ye Zhang). Raw data such as
author, year, study type, number of patients in control and
disease, article impact factors, odds ratio (OR), and 95 percent
confidence  interval  (CI)  for  each  included  study  were
extracted.

The chi-square test for heterogeneity was used in the statistical
analysis,  which  was  done  using  Review  Manager  Software
(RevMan 5.4). Utilising a Random-effects model to assess the
pooled  impact  size.  When  I2  values  above  75%,  which  is
regarded to indicate considerable heterogeneity. ORs with 95
percent confidence intervals and a p-value of less than or equal
to 0.05 were considered statistically significant.
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Figure 1: Search results and selection of articles.
HR = Hazard ratio; RR = Relative risk.

The sensitivity analysis was performed by removing each trial
one at a time, and the substantial pooled OR and 95 percent CI
remained  unchanged,  indicating  that  the  meta-analysis'
conclusions were reliable. Because the meta-analysis included
a small  number  of  studies,  no  funnel  plots  were  utilised  to
examine publication bias for specific risk factors.

RESULTS

Only patients who satisfied the inclusion criteria were included
in the meta-analysis. The full selection technique is depicted in
detail in Figure 1.

Although single-effect estimates were seldom reported, gender
was frequently used as an adjustment factor in publications. Five
studies looked at the magnitude of the impacts by gender.4-8 It
has long been suspected that men are more susceptible to SAP

than women (pooled OR 1.48, 95% CI 1.18-1.85). Due to higher
heterogeneity, one paper was omitted from the meta-analysis
(Figure 2).9

One out of the ten studies5 that looked into dysphagia as a risk
factor for SAP was taken out, and the result is shown in Figure
3.4,6,10-15 Due to the inadequate sample size and higher OR than
other  studies,  this  article  was  disregarded.  Although  the
reported discovery  had only  a  modest  impact  on  the  overall
research findings, it would be of interest to the Chinese popula-
tion.

The consequences of atrial fibrillation on SAP are seen in Figure 4.
Based on nine studies that looked at the impact of atrial fibrilla-
tion,  we  reported  the  pooled  OR  and  95  percent  confidence
interval, as well as a heterogeneity test.4-8,12,13,15,16

These findings are based on the results of six papers. Figure 5
depicts the pooled ORs.5,6,9,12,16,17

There are a total of six literature that met the criteria for inclu-
sion  in  this  variable.  Figure  6  shows  the  summaries  of  the
result.5,6,9,10,12,16

Figure 2: Odds ratio plot for risk factor gender.

Figure 3: Odds ratio plot for risk factor dysphagia.

Figure 4: Odds ratio plot for risk factor atrial fibrillation.

Figure 5: Odds ratio plot for risk factor diabetes mellitus.

Figure 6: Odds ratio plot for risk factor hypertension
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DISCUSSION

This  thorough  study  and  meta-analysis  demonstrated  that
dysphagia,  atrial  fibrillation,  gender,  diabetes  mellitus,  and
hypertension were all risk factors for SAP. Hoffmann developed
the  A2DS2  scoring  system,  which  included  the  risk  factors
described above.18 Several papers suggested that age5,8 and
stroke severity6-8 might be risk factors for SAP, but they were
unable  to  reach  conclusive  results.  These  studies  lacked  a
unified standard. Although age and the severity of the stroke
were not taken into account in investigation, two key risk factors
were identified as diabetes and hypertension.

Ischemic stroke has been linked to racial and gender inequali-
ties.19 A large sample study suggested that females consistently
displayed a lower health-related quality of life than males after
stroke.  This  might  be  attributed  to  women  longevity,  post-
stroke depression, and more severe strokes.20  Similarly,  the
influence of gender on stroke severity and outcomes has been
established.  Females  appeared  to  have  a  worse  prognosis,
which was often connected to more severe symptoms at the
beginning  and  a  delay  in  treatment.21  Although  several
researchers have demonstrated that females had a worse prog-
nosis after a cerebral  infarction,  data are not contradictory.
This might be because males smoke more and have more pre-
existing pulmonary illnesses than females.22,23

Dysphagia affects around one-third of stroke patients, with 20%
suffering from aspiration pneumonia.24 Stroke-associated pneu-
monia is mainly driven by dysphagia and aspiration pneumonia
after a stroke.25 As a consequence, current research shows that
early  dysphagia  screening  might  help  lower  stroke-related
pneumonia rates and could be a method for improving stroke
outcomes,  especially  in  people  who  have  recently  had  an
ischemic  stroke.12  According  to  the  hypothesis,  dysphagia
caused by a stroke might lead to aspiration of oropharyngeal or
stomach contents, which may well lead to pneumonia.26

Atrial fibrillation (AF) is a major risk factor for ischemic stroke,
accounting  for  45%  of  all  cardioembolic  strokes.27  Further-
more, AF is a modifiable risk factor for ischemic stroke; approxi-
mately 20% and 30% of patients with ischemic stroke had a
diagnosis of AF prior to, during, or after the stroke episodes,28

demonstrating  the  need  for  active  management  of  AF  for
stroke prevention. According to multiple studies, Pneumonia is
significantly more prevalent in Ischemic Stroke patients with
AF  than  in  those  without  AF  (9.8%  vs.  5.3%).29  A  body  of
research shows scant evidence of the relationship between AF
and SAP. Investigating if there is anything else that may explain
this finding, such as atrial  abnormalities, which can lead to
reduced cardiac output and lung congestion, increasing the
risk of pulmonary infection.30 Because the subtypes of distinct
AF were not completely examined, the results should be inter-
preted with caution. This will necessitate more study to better
understand the impact of a variety of processes.

Diabetes  and  its  complications  have  been  recognised  as  a

severe public health hazard as the incidence of diabetes has
steadily climbed.31 Microvascular problems of diabetes imperil
the eye, foot, and kidney. In patients with diabetes, decreased
pulmonary  function  and  pulmonary  microangiopathy  have
been identified.32  According  to  Jette’s  findings  from a  large
population-based case-control research, diabetes and HbA1C
levels are risk factors for pneumonia-related hospitalisation.33

In comparison to the other four risk factors, the significance of
these differences in OR for hypertension appears to be modest.
Despite the fact that patients have been diagnosed with hyper-
tension, it was unable to obtain information on their blood pres-
sure control, such as the length of their disease, their blood pres-
sure readings, and the drugs they were taking. Following up on
Kenneth's discovery that both calcium channel blockers and
blockers were connected to an increased risk of pneumonia. As
a result,  the discovery of  hypertension as a SAP risk factor
should be viewed with caution.34 A 24-hour ambulatory blood
pressure measurement is the gold standard for blood pressure
measurement. If it were able to collect these details from the
authors and prove the point, targeting hypertension as a treat-
ment for SAP might be an innovative approach, however, it was
not performed in every study.

CONCLUSION

Patients with dysphagia, atrial fibrillation, diabetes, and hyper-
tension should be constantly monitored. However, findings may
exaggerate  the  link  between  hypertension  and  SAP.  More
investigation is necessary to uncover these connections, partic-
ularly in the areas of hypertension, age, and stroke severity.
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