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Abstract 

Backgound: Although previous studies have evaluated the effects of atrial fibrillation (AF) on functional 
outcomes in stroke patients, due to the few previous studies and subjects included in each study, it 
is difficult to confirm the effect of AF on functional recovery after stroke. Objective: The aim of this 
study was to evaluate the effect of AF on functional outcomes in stroke patients. Methods: A systemic 
literature search was conducted using PubMed, Embase, Cochrane Library, and SCOPUS. We included 
studies that were published on July 15, 2021, or earlier and satisfied our inclusion criteria. We used 
the standardized mean difference (SMD) and 95% confidence interval (CI) to analyze the changes in 
functional state changes. The meta-analysis was performed using RevMan v.5.3. Results: Four studies 
were finally selected for the analysis, and they included 298 AF and 1089 non-AF post-stroke patients. 
The improvement in the Functional Independence Measure score was higher in the non-AF post-stroke 
patients than in the AF post-stroke patients (SMD = 0.17, 95% CI = 0.04 to 0.30). 
Conclusions: AF can affect functional recovery after stroke and minimally undermine functional 
outcomes.  
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INTRODUCTION

Stroke has functional sequelae, including motor 
weakness, spasticity, dysphagia, and neurogenic 
bladder. It leads to a deterioration in activities 
of daily living, such as dressing, bathing, and 
grooming.1,2  Previous studies reported that lesion 
location, lesion volume, corticospinal tract (CST) 
interruption, and treatment strategies can affect 
the functional outcomes of stroke patients.3-7 In 
addition, it has been reported that clinical factors, 
such as the presence of diabetes, depression, and 
old age, can hinder functional recovery in stroke 
patients.8,9

 Atrial fibrillation (AF) is the most common 
arrhythmia in adults and a major risk factor for 
stroke.10,11 Previous studies have evaluated the 
effects of AF on functional outcomes in stroke 
patients.12-15 However, due to the few previous 
studies and subjects included in each study, it is 
difficult to confirm the effect of AF on functional 
recovery after stroke, if there is any. There is need 
for a review based on larger number of patients. 
 Here, we conducted a meta-analysis to evaluate 
the effect of AF on functional outcomes in stroke 
patients. 

METHODS
 
Search strategy

This meta-analysis was performed according to 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis guidelines. We 
systematically searched for relevant literature 
in PubMed, Embase, Cochrane Library, and 
SCOPUS published earlier than or on July 15, 
2021. The following keywords were used for the 
search: (atrial fibrillation) AND (stroke) AND 
(rehabilitation OR recovery). 

Study selection

We used the following inclusion criteria for the 
selection of articles: (1) stroke patients were 
included; (2) initial functional state was evaluated 
during the acute stage; (3) the functional state 
was monitored during follow-up; (4) patients with 
AF and those with non-AF were compared. We 
excluded review articles, letters, and case reports. 
In addition, we excluded studies that reported no 
or incomplete results.     
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Data extraction

After discarding duplicate studies, two reviewers 
(K.H.C and M.C.C) independently evaluated the 
potentially eligible studies. They were screened 
for eligibility based on a review of the title and 
abstract, and disagreements were resolved through 
consensus. After screening, the full texts of the 
eligible articles were read independently by the 
two reviewers, and the eligibility of each article 
was re-assessed. The data, including the name 
of the first author, publication date, study type, 
number of patients, demographic information (age 
and sex), follow-up time point, and functional 
outcomes [Functional Independence Measure 
(FIM)], were extracted. 

Quality assessment

The methodological quality of the included studies 
was evaluated using the Newcastle-Ottawa scale 
(NOS).16 It includes three domains: the selection of 
subjects, comparability of groups, and assessment 
of outcomes. The quality of each study was graded 
as low (0–3), moderate (4–6), or high (7–9). All 
divergences were resolved by consensus.

Statistical analysis

The RevMan 5.3 software program (https://tech.
cochrane.org/revman) was used for statistical 
analysis of the pooled data. For each analysis, 
a heterogeneity test was performed using 
I2 statistics, which measures the extent of 
inconsistency among the results. I2 values of ≥ 
50% represented substantial heterogeneity, and the 
random-effects model was used for analysis of 
the data. In contrast, when I2 was less than 50%, 
the pooled data were considered homogeneous, 
and a fixed-effect model was applied. 
 To analyze the changes in the functional state, 
we analyzed the standardized mean difference 
(SMD). In addition, a 95% confidence interval 
(CI) was used in the analysis. A p-value of < 0.05 
was considered statistically significant.

RESULTS

Study selection

In total, 6,184 articles were searched and 883 
duplicated articles were removed (Figure 1). After 
screening for eligibility, based on a review of the 
title and abstract, 10 articles were left for full-text 
reading. After a detailed assessment, six articles 
were excluded; four studies reported insufficient 
results and the other two studies did not evaluate 

functional outcomes. Accordingly, 4 studies were 
finally included in our meta-analysis (Table 1). All 
included studies were retrospective case-control 
studies. The four selected studies included 298 
patients with AF and 1,089 non-AF patients. 
The detailed characteristics of each study are 
presented in Table 1. 

Risk of bias

All the included studies were rated 9 stars 
(selection of subjects: 4 stars; comparability of 
groups: 2 stars; assessment of outcome: 3 stars). 
Therefore, the quality of each included study, 
assessed using NOS, was considered high. 

Meta-analysis results

The fixed-effect model was used to analyze the 
change in FIM (I2 = 0%). The improvement in FIM 
was significantly higher in the non-AF patients 
than in AF patients (standard mean difference 
[SMD] = 0.17, 95% CI = 0.04. 0.30) (Figure 2).
A funnel plot analysis and Egger’s test were 
performed for FIM (Figure 3). The p-value of 
Egger’s test was 0.225, indicating that publication 
bias was not significant. 

DISCUSSION

In this study, we found that AF can disturb 
functional recovery after stroke. The effect size 
was 0.17. Based on Cohen’s study17, this effect 
size suggests that AF minimally hinders functional 
recovery after stroke. 

Figure 1. Flow chart showing the search results of the 
meta-analysis.
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Table 1: Characteristics of the included studies

Study Patients 
(N, AF %)

Age
(yr, mean±SD)

Stroke type
(Ischemic, %)

Outcome
assessment time
(day, mean±SD)

Giaquinto et al.12 185, 30.8% 68.4±11 15% 60±0.0

Karataş et al.13 196, 20.9%

AF group
65.0±9.9 95.1% 30.2±15.8

Non-AF group
62.7±11.1 74.8% 35±19.4

Mizrahi et al.15 919, 19.6%

AF group
78.07±7.7 100% 49.6±27.8

Non-AF group
75.1±7.9 100% 50.5±27.3

Kim et al.14
87, 23.0%

AF group
75.1±5.1 100% 91.1±22.6

Non-AF group
71.8±8.8 100% 80.6±22.0

AF: atrial fibrillation; SD: standard deviation

Figure 2. Results of Meta-analysis of Functional Independence Measures.

 The mechanism by which AF hinders functional 
recovery after stroke has not been determined. The 
degree of recovery of neural tracts related to motor 
function is closely correlated with functional 
outcomes in stroke patients.18 Previous studies 
demonstrated that AF induces hemodynamic 
instability and hypoperfusion in the brain, which 
can reduce brain volume and cause injury to 
neural tracts related to motor function.19-21 Chronic 
hypoperfusion due to hemodynamic instability 
and changes in the brain can interrupt motor 
recovery after stroke. In addition, functional 
recovery after stroke is poor in older adults.8 
The increase in the prevalence of AF with age is 
attributed to the lower recovery in stroke patients 
with AF than in non-AF patients.8,22 In the previous 
studies included in our meta-analysis, the average 
age of patients with AF was higher than that of 
patients with non-AF, although the difference 
was not statistically significant. These findings 
concur with the fact increase in the prevalence 
of AF with age. We think that this difference in 
the average age between patients with AF and Figure 3. Graphic funnel plots of the included studies

those without AF could also contribute to the 
lower recovery in stroke patients with AF.
 In conclusion, AF can minimally disturb the 
functional recovery of stroke patients. This is the 
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first meta-analysis to evaluate the effect of AF on 
functional recovery after stroke. However, our 
study is limited, given that only FIM was used 
for the meta-analysis. The tools that previous 
studies used for assessing the functional state 
were heterogeneous, and only FIM was used in 
common. In addition, the included studies were 
few. Therefore, in the future, a meta-analysis to 
compensate for these limitations is needed.   
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