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Abstract
Purpose To perform a meta-analysis of the literature to evaluate the prevalence of cerebrovascular comorbidities between 
patients undergoing bariatric surgery and those not undergoing bariatric surgery.
Materials and Methods Studies about the risk of cerebrovascular disease both before and after bariatric surgery were sys-
tematically explored in multiple electronic databases, including PubMed, Web of Science, Cochrane Library, and Embase, 
from the time of database construction to May 2022.
Results Seventeen studies with 3,124,063 patients were finally included in the meta-analysis. There was a statistically 
significant reduction in cerebrovascular event risk following bariatric surgery (OR 0.68; 95% CI 0.58 to 0.78; I2 = 87.9%). 
The results of our meta-analysis showed that bariatric surgery was associated with decreased cerebrovascular event risk in 
the USA, Sweden, the UK, and Germany but not in China or Finland. There was no significant difference in the incidence 
of cerebrovascular events among bariatric surgery patients compared to non-surgical patients for greater than or equal to 
5 years, but the incidence of cerebrovascular events less than 5 years after bariatric surgery was significantly lower in the 
surgical patients compared to non-surgical patients in the USA population.
Conclusion Our meta-analysis suggested that bariatric surgery for severe obesity was associated with a reduced risk of 
cerebrovascular events in the USA, Sweden, the UK, and Germany. Bariatric surgery significantly reduced the risk of cer-
ebrovascular events within 5 years, but there was no significant difference in the risk of cerebrovascular events for 5 or more 
years after bariatric surgery in the USA.
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Introduction

There has been an exponential rise in the global prevalence of 
obesity in recent decades. Obesity has a negative impact on life 
expectancy by increasing the risk of chronic health conditions, 
including cardiovascular disease, insulin resistance, sleep apnea, 
and other medical conditions [1]. There has been an exponential 
rise in bariatric surgery worldwide, with a significantly increas-
ing rate every year. The NIH guidelines from 1991 advocated 
for bariatric surgery based on BMI and medical comorbidi-
ties. Patients suffering from obesity with a body mass index 
(BMI) > 40 kg/m2 or a BMI > 35 kg/m2 are recommended for 
bariatric surgery [2]. In recent years, the relationship between 
bariatric surgery and cerebrovascular events has received wide-
spread attention. However, studies comparing bariatric surgery 
and cerebrovascular outcomes remain unclear. Thus, the aim of 
the current study was to conduct a meta-analysis to reveal the 
effects of bariatric surgery on cerebrovascular outcomes.
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Key Points  
• Bariatric surgery was associated with decreased 
cerebrovascular event risk in the USA, Sweden, the UK, and 
Germany but not in China or Finland.
• There was no significant difference in the incidence of 
cerebrovascular events among bariatric surgery patients compared 
to non-surgical patients for greater than or equal to 5 years, but the 
incidence of cerebrovascular events less than 5 years after bariatric 
surgery was significantly lower in the surgical patients compared 
to non-surgical patients in the USA population.
• This is the first study to report a meta-analysis comparing 
bariatric surgery and cerebrovascular events, including the largest 
highly representative population in the relevant area.
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If bariatric surgery reduces the risk of cerebrovascular 
events, perhaps guidelines could be considered that recom-
mend that overweight patients undergo bariatric operation 
to effectuate weight loss. Based on the above considerations, 
we performed a pooled analysis by integrating the results of 
previous works to obtain more robust and accurate estimates 
regarding the effect of bariatric surgery on cerebrovascular 
outcomes, which are vital to guide clinical management and 
counsel patients.

Methods

Search Strategy

The study was designed according to the PRISMA (Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses) checklist [3]. A systematic search was carried 
out on published studies for updates until May 2022 with-
out language restriction in the PubMed, Web of Science, 
Cochrane Library, and Embase databases. We used the 
search terms “bariatric surgery” and “cerebrovascular dis-
ease.” Relevant articles were independently reviewed by 
two individuals.

Study Selection

We included studies according to the following inclusion 
criteria: (1) articles reporting the relationship between 
bariatric surgery and cerebrovascular outcomes; (2) stud-
ies that included patients undergoing bariatric surgery; 
and (3) studies in which odds ratios (ORs) and their 95% 
confidence intervals (CIs) were collected or could be calcu-
lated from the information given. We excluded (1) reviews, 
editorials, correspondence, and meta-analyses; (2) stud-
ies with insufficient data; and (3) articles in non-English 
languages.

Data Abstraction and Quality Assessment

We recorded the data from the selected studies using 
standard electronic sheets. The following information was 
extracted: the first author, the publication year, the study 
design, the source of the population, the proportion of men 
and women, the sample size, the postoperative period, the 
diagnostic criteria of the cerebrovascular comorbidities, and 
ORs with their 95% CIs.

The included studies were evaluated by two independent 
reviewers (ZC and QZ) using the quality assessment method, 
and disagreements were resolved via discussion. The New-
castle–Ottawa Scale (NOS) was used to assess the quality 
of the literature. Studies with NOS scores ≥ 7 were defined 
as high quality.

Statistical Analysis

ORs were used to estimate the association between bariatric 
surgery and cerebrovascular comorbidities. Interstudy het-
erogeneity was assessed using Q value and I2 values. When 
the I2 value was greater than 50%, the random effects model 
was selected; otherwise, the fixed-effects model was used. 
For the qualitative interpretation of heterogeneity, I2 < 50% 
was considered to represent moderate heterogeneity, while 
I2 > 75% indicated extreme heterogeneity [4]. The potential 
for publication bias was evaluated graphically using both 
funnel plot inspection and Egger’s regression method for 
funnel plot asymmetry in the adjusted analyses of outcomes 
[5]. Sensitivity analysis was also performed to explore the 
stability of the results. Statistical analysis was conducted 
using Stata Statistical Software (version 12.0; STATA Corp., 
College Station, TX).

Results

Study Selection

A total of 758 articles were retrieved via a primary search of 
the literature databases. After the removal of duplicates, 362 
articles remained (Fig. 1). After screening both abstracts and 
titles, 49 studies were retrieved for full-text screening. Four-
teen articles were excluded for review, and no relevant data 
about outcomes were identified in 18 articles. Ultimately, a 
total of 3,124,063 patients from 17 articles met the inclusion 
criteria and were included in the final meta-analysis [6–22]. 
The flowchart of the study selection process for the meta-
analysis is presented in Fig. 1.

Description of Included Studies

The basic characteristics of the included studies and qual-
ity evaluation are shown in Table 1. Our research included 
studies from seven different countries. The length of follow-
up ranged from 1 to 14.7 years after bariatric surgery. The 
results of the literature quality assessment showed that the 
average score for the quality of the included studies was ≥ 7, 
and all of them were of high quality.

Overall Analysis

A total of 17 studies with 3,124,063 patients were pooled in 
the meta-analysis. The heterogeneity test (I2 value) revealed 
that the studies were heterogeneous (I2 = 87.9% > 50%); 
therefore, a random effects model was implemented for 
the analysis. As a result, the meta-analysis showed that the 
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surgery group had a lower risk of cerebrovascular events 
than the no-surgery group (OR = 0.68; 95% CI 0.58–0.78) 
(Fig. 2). To explore the sources of heterogeneity, subgroup 
analyses were conducted based on country. The results of 
our meta-analysis show that bariatric surgery was associ-
ated with decreased cerebrovascular event risk in the USA 
(OR 0.63; 95% CI 0.49 to 0.81; I2 = 91.5%), Sweden (OR 
0.75; 95% CI 0.62 to 0.91; I2 = 8.1%), the UK (OR 0.38; 
95% CI 0.23 to 0.63; I2 = 0%), and Germany (OR 0.16; 95% 
CI 0.07 to 0.36) but not in China (OR 0.90; 95% CI 0.54 
to 1.52; I2 = 86.4%) or Finland (OR 0.98; 95% CI 0.84 to 
1.14; I2 = 9.6%) (Fig. 3). There was no significant differ-
ence in the incidence of cerebrovascular events compared 
with those without bariatric surgery after bariatric surgery 
for more than or equal to 5 years (OR 0.86; 95% CI 0.62 
to 1.19; I2 = 61.3%), but the incidence of cerebrovascular 
events within 5 years after bariatric surgery was significantly 
lower than that of non-surgery patients in the USA popula-
tion (OR 0.59; 95% CI 0.41 to 0.84; I2 = 94.6%) (Fig. 4). The 
sensitivity and publication bias analyses are displayed in 
Fig. 5. The results of the sensitivity analyses indicated that 
the meta-analysis had low sensitivity and that the overall 
results were robust and stable. The funnel plot displayed 
a symmetrical and funneled shape and Begg’s regression 
test (p > 0.05) suggested the absence of publication bias. In 

addition, the pooled results of bariatric surgery and cerebro-
vascular events were reliable after applying the trim and fill 
approach (Fig. 6).

Discussion

Association Between Bariatric Surgery 
and Cerebrovascular Events

This study evaluated 17 studies involving 3,124,063 indi-
viduals from a broad range of populations. Overall, the 
results from our study indicated that people with bariatric 
surgery had decreased odds of cerebrovascular comorbidi-
ties compared to nonbariatric surgery controls. Bariatric 
surgery significantly reduced the risk of cerebrovascular 
events within 5 years, but there was no significant differ-
ence in the risk of cerebrovascular events for 5 or more years 
after bariatric surgery in the USA. Weight loss after bariat-
ric surgery is difficult to predict. Weight gain after bariatric 
surgery demonstrates the chronic and progressive nature of 
obesity. Therefore, follow-up after bariatric surgery is criti-
cal and requires a team approach for long-term benefits after 
bariatric surgery. This finding was consistent across most 
countries.
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Fig. 1  Flowchart of study selection
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Underlying Mechanisms of Bariatric Surgery Effects 
on Cerebrovascular Events

To date, the effect of bariatric surgery on cerebrovascu-
lar events is still unclear. The significantly lower risk of 
cerebrovascular events in the bariatric surgery group was 
related to the following: dyslipidemia, hypertension, and 
diabetes [23, 24].

Bariatric surgery has been reported to reduce the thick-
ness of the media wall and pulse wave velocity of patients 
with dyslipidemia and hypertension [25]. Bariatric sur-
gery has also been reported to attenuate inflammatory 
responses in patients with atherosclerosis [26, 27]. With 
weight reduction being an important measure to improve 
hypertension, bariatric surgery may also reduce the need 
for antihypertensive medications, reducing the risk for the 
development of organ damage [28].

Glycemic control is associated with the microvascular 
and macrovascular complications of diabetes, and it is rea-
sonable to hypothesize that the improvement in glycemic 
control may translate to improved cerebrovascular events 
in these patients. Several studies have validated the ben-
efits of bariatric surgery in long-term weight management, 
with peak weight loss 2 years post-surgery and stable good 
glycemic control for up to 20 years [29].

Laparoscopic sleeve gastrectomy, gastric bypass, and duodenal 
switch can alter hormone levels, such as those of ghrelin or GLP-1 

[30]. Moreover, GLP-1 has been reported to influence blood glu-
cose levels by decreasing hepatic gluconeogenesis [31]. Ghrelin 
promoted the synthesis of liver glycogen [32], increased blood 
glucose, and inhibited insulin release [33], all of which underscore 
the important effect of ghrelin in modulating glucose metabolism.

Strengths and Limitations

The present study has a number of strengths in terms of 
the following aspects. First, this is the first study to report 
a meta-analysis comparing bariatric surgery and cerebro-
vascular events, including the largest highly representative 
population in the relevant area. Second, we searched and 
collected articles from four comprehensive electronic data-
bases (PubMed, Embase, Web of Science, and the Cochrane 
library) without any restriction date; therefore, we were able 
to retrieve as many relevant articles as possible from all over 
the world and avoid the impact of publication bias. Third, 
several approaches, including subgroup analysis, sensitiv-
ity analysis, and publication bias analysis, were applied to 
establish whether the results of the present meta-analysis are 
reliable. Our results remained constant among these analyses.

There are several shortcomings in this meta-analysis that 
warrant mentioning. First, although we performed a subgroup 
analysis, we did not find the source of heterogeneity. Some 
confounding factors did not have enough studies to conduct 

Fig. 2  Forest plot comparing 
the odds of cerebrovascular risk 
between bariatric surgery and 
nonbariatric surgery patients

NOTE: Weights are from random effects analysis
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Fig. 3  The odds of cerebrovas-
cular risk between bariatric sur-
gery and nonbariatric surgery 
patients stratified by country

NOTE: Weights are from random effects analysis
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Fig. 4  The odds of cerebrovas-
cular risk between bariatric sur-
gery and nonbariatric surgery 
patients stratified by follow-up 
time (< 5 years or ≥ 5 years)

NOTE: Weights are from random effects analysis
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subgroup analysis. Second, most of the included studies were 
cross-sectional studies and the causal relationship between bari-
atric surgery and cerebrovascular events could not be identified; 
therefore, further prospective longitudinal cohort studies are 
needed. Finally, variability in the diagnostic criteria of cerebro-
vascular events may have contributed to the high heterogeneity.

Conclusion

Our study demonstrates the benefit of bariatric surgery on 
the risk of cerebrovascular disease. Based on our meta-
analysis, bariatric surgery was associated with a lower rate 
of cerebrovascular disease. The risk of cerebrovascular 
disease was significantly reduced in the USA, Sweden, 

the UK, and Germany and was not significant in China or 
Finland. It is advisable to monitor patients closely after 
bariatric surgery, especially those at a high risk of cerebro-
vascular disease after bariatric surgery.
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