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ABSTRACT

Objective: To explore the relationship between body mass index (BMI) and the recurrence risk of stroke.

Methods: We searched databases, including the Web of Science, Cochrane Library, Embase, PubMed, Chinese Biomedical
Literature (CBM), CQVIP, WanFang Database, and China National Knowledge Infrastructure (CNKI), from inception to February
2025, to collect literature on BMI and the recurrence risk of stroke. After two researchers independently screened the literature,
extracted the literature data, and assessed the quality of the literature included in the study, a meta-analysis was conducted
using Stata 16.0 software, and the dose-response relationship between BMI and the recurrence risk of stroke was analyzed using
generalized least squares trend estimation method (GLST) and restricted cubic spline function.

Results: A total of 18 studies were included, involving 165,366 patients. In terms of stroke recurrence risk, compared with normal-
weight patients, underweight patients [relative risk (RR) = 1.59, 95% confidence interval (CI) 1.33-1.90, I> = 0%, p = 0.444] had a
higher recurrence risk of stroke, whereas overweight (RR = 0.91, 95% CI 0.86-0.96, I> = 0%, p = 0.454) and obese patients (RR = 0.89,
95% CI 0.84-0.94, I* = 13.1%, p = 0.330) had a lower recurrence risk of stroke. The results of the linear trend show that for every
unit increase in BMI, the recurrence risk of stroke decreases by 2% (RR = 0.98, 95% CI 0.96-0.99, p < 0.001).

Conclusion: Increased BMI is associated with a decreased recurrence risk of stroke. Underweight is a risk factor for stroke
recurrence, whereas overweight and obesity are protective factors for stroke recurrence. Overweight and obesity may be beneficial
for secondary prevention in stroke patients.

Clinical Trial Registration: Not applicable.
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1 | Introduction

Stroke is defined as an episode of acute neurological dysfunction
presumed to be caused by ischemia or hemorrhage, persisting
for more than 24 h or until death (Hankey 2017). Stroke is
characterized by a high incidence rate, high disability rate,
high mortality, high recurrence rate, and high economic burden
(Longde et al. 2022). The Global Burden of Diseases 2019 (GBD)
study suggested stroke remained the second-leading cause of
death and the third-leading cause of death and disability globally
(Feigin et al. 2021). From 1990 to 2019, the burden of stroke
significantly increased, with a 70.0% increase in stroke incidence,
a43.0% increase in stroke deaths, and a 102.0% increase in stroke
prevalence (Feigin et al. 2021). It is estimated that the global
losses caused by stroke exceed 891 billion US dollars, accounting
for 1.12% of global GDP (Owolabi et al. 2022). However, stroke
recurrence is the main cause of long-term disability and increased
mortality in patients (Gao et al. 2020).

Recurrent stroke is defined as the appearance of new neurological
deficits after a clinically stable period, lasting for more than 24 h,
and confirmed by CT or MRI to be attributed to new ischemic or
hemorrhagic lesions (Kolmos et al. 2021). The recurrence risk of
stroke at 30 days, 1 year, 5 years, 10 years, and 12 years after the
first stroke was 3.1%, 11.1%, 26.4%, 39.2%, and 39.7%, respectively
(Lin et al. 2021; Mohan et al. 2011). Compared with the first stroke,
the stroke recurrence is more disabling, fatal, and costly, with
a 43% higher risk of death and prolonged length of stay, which
seriously affects the life quality of patients (Lekoubou et al. 2017;
Samsa et al. 1999), increasing the burden on caregivers and the
economic burden on families, society, and the country. Therefore,
reducing the recurrence risk of stroke is very important and has
the significance of reducing the burden on society, the country,
and families.

There are many risk factors for stroke recurrence, including both
modifiable (e.g., physical exercise, body mass index [BMI], diet,
smoking, drinking, comorbid conditions) and nonmodifiable risk
factors (e.g., age, sex, race) (Boehme et al. 2017). About 90% of
strokes are caused by the presence of modifiable risk factors, and
the regulation of core health behaviors could avert about 75% of
this burden (Feigin et al. 2016; Tsao et al. 2022). Thus, the key
to reducing stroke recurrence risk is to identify modifiable risk
factors.

There is overall agreement in the scientific and clinical commu-
nity that obesity is one of the major public health problems and is
increasingly recognized as an important risk factor for recurrent
stroke (Flegal et al. 2012; Mitchell et al. 2015; Pezzini et al. 2013;
Prospective Studies 2009; Winter et al. 2008). However, BMI is not
only an important indicator for determining the degree of obesity
and thinness in the human body (Hao and Wenkai 2001), but also
a cheap and convenient method for screening weight categories,
providing a simple and feasible intervention measure for stroke
recurrence.

Recent studies (Olsen et al. 2008; Vemmos et al. 2011) reported
that the stroke obesity paradox may even be extended to include
the recurrence risk of stroke. One study (W. Chen et al. 2019)
has reported that overweight patients were at higher recurrence
risk of stroke than those of normal weight, but no significant

relationship was observed in obese patients, but the other study
(Andersen and Olsen 2013) indicated that obese patients had a
lower risk and underweight patients had a higher recurrence
risk of stroke, so the relationship between BMI and recurrence
risk of stroke is unclear. So far, only one study (Huang et al.
2016) has included relevant cohort studies before December 15,
2015 to conduct a systematic evaluation and dose-response meta-
analysis of the relationship between BMI and recurrence risk of
stroke, which needs to be updated. Therefore, we performed a
systematic review and dose-response meta-analysis to examine
the relationship between BMI and the recurrence risk of stroke,
intending to find controllable factors of stroke recurrence to
decrease its recurrence risk, thus improving the quality of life of
patients and reducing the economic burden of family, society, and
country.

2 | Methods

The present study was performed according to Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA-
2009) guidelines (Liberati et al. 2009). The detailed study protocol
can be obtained on the PROSPERO website with the registra-
tion number CRD42023447236. On the basis of the information
provided in the study protocol, we performed a dose-response
analysis, and the search date was extended to February 2025.

2.1 | Data Sources and Search Strategy
Comprehensive literature searching was conducted in PubMed,
Embase, Web of Science, Cochrane Library, CQVIP, WanFang
Database, China National Knowledge Infrastructure (CNXKI),
and Chinese Biomedical Literature (CBM) from inception to
February 2025. Additionally, reference lists included in the
identified articles were manually searched to identify additional
relevant publications. We performed the search strategy through
a combination of MeSH terms and free words. The specific search
strategies can be found in the appendix, and the PubMed search
strategy is provided as an example; the search details are provided
in Table S1.

2.2 | Study Selection

Two researchers were asked to perform literature screening inde-
pendently. Literature retrieved from the initial database search
was screened for duplicates and excluded before other exclusion
procedures. Full-text articles were retrieved when at least one
reviewer decided that an abstract was eligible for inclusion. Each
publication was assessed independently by both researchers for
final study inclusion. Disagreements were resolved by discussion
with the third researcher.

The inclusion criteria were as follows: ® Case-control, cross-
sectional, or cohort studies; @ study subjects were patients with a
definite diagnosis of stroke; @ the study analyzed the relationship
between BMI and recurrence risk of stroke; @ the BMI grouping
criteria were based on WHO standards (Obesity: preventing and
managing the global epidemic. Report of a WHO consultation
2000): <18.5 kg/m? for underweight, 18.5-24.9 kg/m? for normal
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weight, 24.9-29.9 kg/m? for overweight, and >30 kg/m? for
obesity; ® stroke recurrence confirmed by CT or MRI. The
exclusion criteria were as follows: @ case reports, reviews, letters,
and comments; @ the language of the publication was other than
English or Chinese; ® studies contained incomplete data.

2.3 | Data Extraction and Quality Assessment
Relevant data from the included studies were extracted indepen-
dently by two researchers, and the results were cross-checked.
Any disagreements were resolved by discussion with the third
researcher. The following information was recorded: first author
name, publication year, study location, study design, sample size,
gender, age, BMI classification, number of recurrence risk of
stroke cases in different BMI groups, and overall number of
recurrence risk of stroke cases. All extracted data were stored in
the Microsoft Excel file format. The risk of bias assessment of
all included studies was conducted using the Newcastle-Ottawa
Scale (NOS) (Stang 2010; Xiantao et al. 2012). We regarded
total scores of 0-3, 4-6, and 7-9 as low, moderate, and high
quality, respectively. Two researchers independently assessed the
quality of the included studies and cross-checked the results.
Any disagreements were resolved by discussion with the third
researcher.

2.4 | Statistical Analysis

The results were quantitatively analyzed using Stata 16.0, using
relative risks (RRs) and 95% confidence intervals (CIs) as mea-
sures of effect size. We tested heterogeneity among studies using
Cochrane’s Q statistic. The degree of heterogeneity was assessed
using the I statistic, with I? values of 25%, 50%, and 75% being
considered to indicate low, moderate, and high heterogeneity,
respectively. RRs and 95% CIs were calculated using a random-
effects model when Cochrane’s Q statistic detected significant
heterogeneity; otherwise, a fixed-effects model was used. The
p values are the Cochrane’s Q statistics for the heterogeneity.
p < 0.05 was the threshold for statistical significance. Sensi-
tivity analysis was conducted using the one-by-one elimination
method.

A dose-response analysis for BMI and the recurrence risk
of stroke was conducted using the generalized least squares
trend (GLST) proposed by Orsin and Greenland (Greenland and
Longnecker 1992; Orsini et al. 2006) and restricted cubic spline
function. The median or mean level of BMI, cases and non-
cases in each BMI group, and corresponding RRs with 95% CIs
were collected. The midpoint of each BMI category was utilized
if the BMI mean or median for the category was not provided
in the study (Rong et al. 2013), which was scientific and to
some extent reduced the risk of bias due to missing results
in a synthesis. To examine the potential nonlinear associations
between BMI and recurrence risk of stroke, we performed a two-
stage random-effects dose-response meta-analysis (Orsini et al.
2006).

3 | Results

3.1 | Literature Search

A total of 4483 relevant literature were obtained through a pre-
liminary search, of which 1042 duplicates were removed. Among
the remaining 3441 pieces of literature, 3221 were excluded on the
basis of the title and abstract. By reading the full text, 18 studies
(Aiming et al. 2014; Andersen and Olsen 2013, 2015; C. Chen et al.
2012; Chung et al. 2023; Doehner et al. 2013; Hou et al. 2021; Hviid
Hornnes et al. 2024; Jingguang et al. 2016; Ju et al. 2022; Kawase
et al. 2017; Kumral et al. 2021; Olsen et al. 2008; Ovbiagele et al.
2011; Vemmos et al. 2011; Yan et al. 2021; Zhao et al. 2015) met the
inclusion criteria and were included. See Figure 1 for the detailed
process.

3.2 | Study Characteristics

We summarized the basic characteristics of the 18 included
studies. A total of 18 studies (11 prospective cohort studies, 4
longitudinal studies, and 3 case-control studies) were published
between 1997 and 2024 from 8 countries (the United States,
Denmark, China, Japan, Korea, Greece, Turkey, and Germany).
The sample sizes of the 18 pieces of literature ranged from 100
to 30,912 and contained 165,366 patients. The specific results are
shown in Table 1.

3.3 | Risk of Bias in Included Studies

The quality of the included studies was evaluated by the NOS
scale, with a score of 5-8 indicating that 13 studies were high
quality and 5 studies were moderate quality. See Table 2 for the
specific evaluation results.

3.4 | The Result of Meta-Analysis

All 18 studies reported the relationship between BMI and recur-
rence risk of stroke, but only 11 (Andersen and Olsen 2013;
Doehner et al. 2013; Hviid Hornnes et al. 2024; Ju et al. 2022;
Kawase et al. 2017; Kumral et al. 2021; Olsen et al. 2008; Ovbiagele
et al. 2011; Vemmos et al. 2011; Yan et al. 2021; Zhao et al.
2015) were included in the meta-analysis. Four (Aiming et al.
2014; C. Chen et al. 2012; Hou et al. 2021; Jingli et al. 2024) out
of the remaining seven studies (Aiming et al. 2014; Andersen
and Olsen 2015; C. Chen et al. 2012; Chung et al. 2023; Hou
et al. 2021; Jingguang et al. 2016; Jingli et al. 2024) showed a
correlation between BMI and stroke recurrence, whereas two
studies (Chung et al. 2023; Jingguang et al. 2016) showed no
correlation between BMI and stroke recurrence. Six studies
combined underweight and normal-weight patients into one
group (BMI < 25 kg/m?) and overweight and obese patients into
another group (BMI > 25 kg/m?); it was not possible to extract
further information about the recurrence risk of stroke in each
BMI group. In addition, there was a high likelihood of double
counting of data being present in a study (Andersen and Olsen
2015) that could collect the corresponding RR with 95% CI, which
was from the same Danish cohort as the study of Andersen and
Olsen (2013). After removing the study (Andersen and Olsen
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TABLE 1 | The basic characteristics of the included studies.

Number of Total
BMI recurrence number of
Male classify of stroke in recurrence
Study Year Country Sample size (%) Age (year) (kg/m?) each group of stroke
Hviid Hornnes 2024 Denmark 1215 — — <18.5 — 406
et al. (2024) 18.5-24.9
>25
Jingli et al. 2024 China 366 62 >40 <25 21 28
(2024) >25 7
Chung et al. 2023 Korea 1584 59.2 Female: 71.9 <25 489 787
(2023) Male: 67.6 >25 298
Ju et al. (2022) 2022 Korea 30,912 65.7 18-74 <18.5 80 1263
18.5-24.9 1183
Yan et al. (2021) 2021 China 100 60 67.43 + 3.53 <18.5 2 5
>18.5 3
Hou et al. (2021) 2021 China 12,964 65.17 64.83 +12.2 <25 609 895
>25 286
Kumral et al. 2021 Turkey 9285 56 66.2 +12.6 <30 1355 2198
(2021) >30 843
Kawase et al. 2017 Japan 1206 63 725 +11.4 <18.5 15 196
(2017) 18.5-24.9 129
>25 52
Jingguang et al. 2016 China 100 77 67.2+13.5 <25 8 15
(2016) >25 7
Andersen and 2015 Denmark 29,326 52 72.3 <18.5 75 1914
Olsen (2015) 18.5-24.9 848
25.0-29.9 705
>30 286
Zhao et al. (2015) 2015 China 2360 61 Female: 66.4 <30 — 668
Male: 62.7 >30
Aiming. et al. 2014 China 510 51.18 >18 <25 77 198
(2014) >25 121
Andersen and 2013 Denmark 28,382 54.6 71.5 +13.2 <18.5 293 5571
Olsen (2013) 18.5-24.9 2480
25.0-29.9 1870
>30.0 928
Doehner et al. 2013 Germany 1472 53.5 59-84 <18.5 1 82
(2013) 18.5-24.9 37
25-30 34
30-34.9 6
>35 4
Chen et al. 2012 China 620 54.5 72 +10.9 <25 84 100
(2012) >25 16
Ovbiagele et al. 2011 America 20,246 64 66.1 + 8.6 <25 600 1805
(2011) 25-29.9 778
>30 427
Vemmos et al. 2011 Denmark 2785 62 18-103 <25 67 147
(2011) 25.0-29.9 65
>30 15
Olsen et al. 2008 Greece 21,384 52 >40 <18.5 271 4601
(2008) 18.5-24.9 2100
25.0-29.9 1516
30.0-34.9 548
>35 166

Abbreviation: BMI, body mass index.
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FIGURE 1 | Flow chart for the process of selecting eligible studies.

2015), only 11 studies were included in the meta-analysis. Among
11 studies (Andersen and Olsen 2013; Doehner et al. 2013; Hviid
Hornnes et al. 2024; Ju et al. 2022; Kawase et al. 2017; Kumral et al.
2021; Olsen et al. 2008; Ovbiagele et al. 2011; Vemmos et al. 2011;
Yan et al. 2021; Zhao et al. 2015), the normal BMI category in each
study was used as a reference group, and we then compared it to
other groups with different BMI ranges (underweight vs. normal
BMI, overweight vs. normal BMI, and obese vs. normal BMI). The
result of the meta-analysis is presented in Figure 2.

3.5 | Effect of Underweight and Normal BMI
Categories on Recurrence Risk of Stroke

Six studies (Doehner et al. 2013; Hviid Hornnes et al. 2024;
Ju et al. 2022; Kawase et al. 2017; Olsen et al. 2008; Yan
et al. 2021) examined the association between underweight and
recurrence risk of stroke. Results of the meta-analysis showed
that the recurrence risk of stroke in the underweight BMI group
(BMI < 18.5 kg/m?) was 1.30 times higher compared to the normal
BMI group (RR = 1.59, 95% CI 1.33-1.90, I> = 0%, p = 0.444)
(Figure 2a).

3.6 | Effect of Overweight and Normal BMI
Categories on Recurrence Risk of Stroke

Five studies (Andersen and Olsen 2013; Doehner et al. 2013;
Olsen et al. 2008; Ovbiagele et al. 2011; Vemmos et al. 2011)
examined the association between overweight and the recurrence
risk of stroke. Results of the meta-analysis showed that the
risk of recurrent stroke decreased in the overweight BMI group

(25 kg/m? < BMI < 29.9 kg/m?) by 0.92 times that in the normal
BMI group (RR = 0.91, 95% CI 0.86-0.96, I* = 0%, p = 0.454)
(Figure 2b).

3.7 | Effect of Obese and Normal BMI Categories
on Recurrence Risk of Stroke

Seven studies (Andersen and Olsen 2013; Doehner et al. 2013;
Kumral et al. 2021; Olsen et al. 2008; Ovbiagele et al. 2011; Vemmos
et al. 2011; Zhao et al. 2015) examined the association between
obesity and the recurrence risk of stroke. Results of the meta-
analysis showed that the risk of recurrent stroke decreased in
the obese BMI group (BMI > 30 kg/m?) by 0.89 times that in
the normal BMI group (RR = 0.89, 95% CI 0.84-0.94, P =13.1%,
p = 0.330) (Figure 2c).

3.8 | The Result of Sensitivity Analysis

After excluding each study, there was no significant change in
results, indicating that the results of the study were stable (Figure
S1).

3.9 | The Result of Dose-Response Analysis

Six studies (Andersen and Olsen 2013; Doehner et al. 2013;
Kawase et al. 2017; Olsen et al. 2008; Ovbiagele et al. 2011; Vemmos
et al. 2011) were included in the dose-response analysis. Dose—
response analysis showed no significant non-linear relationship
between BMI and the recurrence risk of stroke (p for non-
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%

Study (Year) RR (95% CI) Weight Sample size
Hviid et al. (2024) ——4‘— 1.57 (0.79, 3.15) 6.72 1215
Ju et al. (2022) —0-5— 1.42 (1.02, 1.98) 29.22 30912
Yan C, et al. (2021) —-éb— 1.69 (1.06, 2.70) 14.75 100
Kawase et al. (2017) i—+— 2.47 (1.54, 4.00) 14.11 1206
Doehner et al. (2013) +* : 0.74 (0.11, 5.00) 0.88 1472
Olsen et al. (2008) —0-§— 1.45 (1.07, 1.96) 34.32 1884
Overall, IV (I = 0.0%, p = 0.444) @ 1.59 (1.33, 1.90) 100.00
T T
125 1 8
b %

Study (Year) RR (95% CI) Weight Sample size
Andersen et al. (2013) —ﬁ:— 0.89 (0.83, 0.96) 57.53 28382
Doehner et al. (2013) - 0.81 (0.52, 1.27) 1.53 1472
Vemmos et al. (2011) —é—o— 1.02 (0.84, 1.25) 7.71 2785
Ovbiagele et al. (2011) —;hoJ— 0.95 (0.85, 1.06) 24.99 20246
Olsen et al. (2008) —+—e— 0.82 (0.67, 0.99) 8.24 1884
Overall, IV (I = 0.0%, p = 0.454) ® 0.91 (0.86, 0.96) 100.00

T T

5 1 2

C %
Study (Year) RR (95% CI) Weight Sample size
Kumral et al. (2021) —O-i- 0.85 (0.76, 0.94) 28.26 9285
Zhao et al. (2015) —Oé—— 0.85 (0.63, 1.14) 3.63 2360
Andersen et al. (2013) —Eo— 0.90 (0.82, 0.98) 40.19 28382
Doehner et al. (2013) - 0.45 (0.24, 0.87) 0.77 1472
Ovbiagele et al. (2011) -H— 0.95 (0.83, 1.08) 18.42 20246
Vemmos et al. (2011) —;—{P— 1.00 (0.77, 1.29) 4.80 2785
Olsen et al. (2008) —-,v—— 0.89 (0.67, 1.18) 3.93 1884
Overall, IV (I° = 13.1%, p = 0.330) 0 0.89 (0.84, 0.94) 100.00
T T
25 1 4

FIGURE 2 |
CI, confidence interval; RR, relative risk.

linearity = 0.104). The results of the linear trend show that for
every unit increase in BMI, the recurrence risk of stroke decreases
by 2% (RR = 0.98, 95% CI 0.96-0.99, p < 0.001) (Figure 3).

4 | Discussion

The present study updated the study of Huang et al. (2016),
demonstrating an inverse linear relationship between BMI and

The result of meta-analysis with normal weight as the reference group: (a) underweight group; (b) overweight group; (c) obesity group.

the recurrence risk of stroke. Although both studies revealed
a consistent linear relationship, our study not only further
identified a 2% reduction in stroke recurrence risk per one-unit
increase in BMI but also found that overweight and obese patients
exhibited a significantly lower recurrence risk of stroke compared
to underweight patients.

The results of the study indicate underweight is a risk factor for
recurrent stroke, and the risk of recurrent stroke is increased in
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il | — Linear Model

Spline Model

1.004

Relative Risk(95%Cl) of Recurrent Stroke Events

22 27 32
Body Mass Index (kg/m2)

FIGURE 3 |
between body mass index and recurrent stroke. The bold solid line and

The result of dose-response analysis for the relationship

dashed line represent the estimated relative risk and its 95% confidence
interval, respectively. The unbold dashed line represents the linear model.
Referred to similar figures in Huang et al.’s study (2016). CI, confidence
interval.

underweight patients by 1.30 times that of the normal BMI group.
This may be due to BMI and the onset of stroke, which lead
to various kinetics, such as a catabolic/anabolic imbalance and
tissue wasting of both fat and muscle tissue (Scherbakov et al.
2011), and form a vicious cycle that worsens the nutritional status
(Xue et al. 2008), subsequently causing a poor outcome. On the
one hand, it may be that patients with underweight, whether
malnourished or not, have mild low-grade inflammation, and
chronic inflammation may play a crucial role in the relationship
between underweight and atherosclerosis (Ju et al. 2022). One
study suggests that underweight is associated with impaired
endothelial function, leading to a decrease in the bioavailability
of nitric oxide, which can regulate vascular tension and inhibit
platelet aggregation and adhesion (Higashi et al. 2002). On the
other hand, low body weight can lead to a decrease in muscle
mass, which is associated with excessive inflammation (Li et al.
2019), insulin resistance, and various metabolic disorders (Du
et al. 2018), which may lead to myocardial infarction and stroke.
Greater muscle mass is associated with better exercise ability
and cardiovascular health, which may lead to a decreased risk of
cardiovascular disease (Kwon et al. 2021). In addition, lower BMI
can serve as an alternative marker for patient frailty, including
malnutrition and non-cardiovascular comorbidities, and frailty
itself increases the risk of stroke (Adabag et al. 2018; Veronese
et al. 2017).

Overweight and obesity are protective factors for stroke recur-
rence, with a decreased recurrence risk of stroke in overweight
and obese patients of 0.92 and 0.89 times that in the normal
BMI group, respectively. This conclusion is consistent with the
“obesity paradox” found in previous studies (Andersen and Olsen
2013; Dehlendorff et al. 2014; Di Angelantonio et al. 2016; Vemmos
et al. 2011). This may be related to overweight or obese patients
having more metabolic reserves compared with normal-weight
patients, which helps them better cope with unbalanced catabolic
status and impaired metabolic efficiency caused by stroke (Barba
etal. 2015; Lavie et al. 2015). Furthermore, a soluble tissue necrosis
factor receptor produced by adipose tissue can neutralize the

deleterious effects of tumors on the development and progression
of stroke (Ryu et al. 2011).

However, one study (Kumral et al. 2021) suggests that obesity
is associated with an increased risk of recurrent stroke com-
pared to non-obese individuals, which may be related to several
mechanisms in obese people, such as stress-related neuroen-
docrine autonomic nerve activation, proinflammatory cytokines,
an increased load of oxygen-free radicals, and systemic hormone
imbalance (Oesch et al. 2017; Scherbakov et al. 2011). Obesity
can significantly aggravate the occurrence and development of
atherosclerosis. On the one hand, adipocytes produce leptin, plas-
minogen activator inhibitor 1(PAI-1), adiponectin, tumor necrosis
factor (TNF-a), and other physiologically active substances that
are directly involved in the formation of inflammation and
atherosclerosis. On the other hand, obesity is one of the important
risk factors for diabetes, hypertension, and hyperlipidemia, which
will promote arteriosclerosis and may increase the recurrence risk
of stroke (Wang et al. 2022).

Although we have explained the relationship between obesity and
stroke recurrence, there is still controversy, possibly due to the
heterogeneity of the study subjects, differences in sample size,
and inconsistent BMI criteria. Further study is needed to explain
the potential mechanisms leading to the obesity paradox in stroke
recurrence patients.

Given the findings of this study, individual BMI categories
should be considered when developing strategies to prevent the
recurrence risk of stroke. Besides, to raise public awareness of
the importance of healthy eating and weight management, public
health policies should enhance healthy lifestyle promotion. In the
future, prospective cohort studies with large sample sizes related
to BMI and recurrent risk of stroke can be conducted in people
of different ages or with different diseases while also exploring
the impact of different types of obesity on stroke outcome or the
impact of BMI on recurrence of different types of stroke so as to
form personalized health management plans.

5 | Limitations

Several strengths exist in this study. First, compared with only 5
original studies included in Huang et al.’s (2016) meta-analysis,
this study included 11 original studies for meta-analysis and
provided a more detailed explanation of the relationship between
BMI and the recurrence risk of stroke. In addition, the recent
new original studies on the relationship between BMI and stroke
recurrence were included, and most of the included studies had
a large sample size. Finally, the literature included in this study
was of good quality, with a high hierarchy of evidence. A total of
13 studies were of high quality, and 5 were of medium quality.

However, there are still some limitations that need to be addressed
in this study. First, the retrieval language was confined to English
or Chinese. Thus, publications in other languages may have been
missed. Second, generalizability of the population may need to
be further explored in future studies. Finally, the findings of
the study are limited by the availability of detailed data, which
may restrict generalizability. Future studies should collect more
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comprehensive data to strengthen the conclusion drawn from this
study.

6 | Conclusion

To sum up, the results of the current study showed a negative
linear relationship between BMI and the recurrence risk of stroke,
with each increased unit of BMI reducing the recurrence risk of
stroke by 2%. Furthermore, BMI category is associated with the
recurrence risk of stroke, strengthening the view of the obesity
paradox that underweight is a risk factor for stroke recurrence,
whereas overweight and obesity are protective factors for stroke
recurrence. These findings inform future relevant studies in
clinical decision-making and secondary prevention of stroke and
suggest that appropriate weight management, including nutrition
and rehabilitation, is particularly important for patients with
stroke.

Author Contributions

Qiuxia Qian: conceptualization, methodology, formal analysis, data
curation, writing-review and editing, writing-original draft. Yuting
Zhao: conceptualization, methodology, writing-original draft, writing-
review and editing, formal analysis, data curation. Xin Fan: methodology,
formal analysis, data curation. Jialu Li: methodology, formal analysis,
data curation. Jianxun Cao: methodology, formal analysis, data curation.
Mengyu Yang: methodology, formal analysis, data curation. Longchun
Hua: data curation, formal analysis. Xingxia Zhang: formal analysis,
data curation. Ailing Yang: formal analysis, data curation. Fengwa
Zhang: methodology, writing-review and editing, project administra-
tion, supervision. Yuxia Ma: methodology, writing-review and editing,
supervision, project administration.

Acknowledgments

We are extremely grateful to all classmates and teachers who have kindly
provided us assistance and companionship in the course of preparing this
article.

Ethics Statement

The authors have nothing to report.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Permission to Reproduce Material From Other Sources

Not applicable.

Data Availability Statement

Research data are not shared.

Peer Review

The peer review history for this article is available at https://publons.com/
publon/10.1002/brb3.70550.

References

Adabag, S., T. N. Vo, L. Langsetmo, et al. 2018. “Frailty as a Risk Factor
for Cardiovascular Versus Non Cardiovascular Mortality in Older Men:
Results From the MrOS Sleep (Outcomes of Sleep Disorders in Older
Men) Study.” Journal of the American Heart Association 7, no. 10: e008974.
https://doi.org/10.1161/jaha.118.008974.

Aiming, J., T. Jing, H. Wenmei, Z. Ce, Z. Hong, and L. Yun. 2014. “Physical
Factors and Inducements of Recurrence of Ischemic Stroke.” Chinese
Journal of Gerontology 34, no. 9: 2435-2437.

Andersen, K. K., and T. S. Olsen. 2013. “Body Mass Index and Stroke:
Overweight and Obesity Less Often Associated With Stroke Recurrence.”
Journal of Stroke and Cerebrovascular Diseases 22, no. 8: €576-581. https://
doi.org/10.1016/j.jstrokecerebrovasdis.2013.06.031.

Andersen, K. K., and T. S. Olsen. 2015. “The Obesity Paradox in Stroke:
Lower Mortality and Lower Risk of Readmission for Recurrent Stroke in
Obese Stroke Patients.” International Journal of Stroke 10, no. 1: 99-104.
https://doi.org/10.1111/ijs.12016.

Barba, R., J. Marco, J. Ruiz, et al. 2015. “The Obesity Paradox in Stroke:
Impact on Mortality and Short-Term Readmission.” Journal of Stroke
& Cerebrovascular Diseases 24, no. 4: 766-770. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2014.11.002.

Boehme, A. K., C. Esenwa, and M. S. V. Elkind. 2017. “Stroke Risk Factors,
Genetics, and Prevention.” Circulation Research 120, no. 3: 472-495.
https://doi.org/10.1161/circresaha.116.308398.

Chen, C.,Y. Zhao, J. Zhang, et al. 2012. “Analysis of Multiple Risk Factors
for the Recurrence of Nondisabling Stroke.” Journal of the National
Medical Association 104, no. 7-8: 331-335. https://doi.org/10.1016/s0027-
9684(15)30173-5.

Chen, W., Y. Pan, J. Jing, et al. 2019. “Association of Body Mass Index and
Risk of Stroke After Acute Minor Stroke or TIA: A Post Hoc Analysis of a
Randomized Controlled Trial.” Neurotoxicity Research 36, no. 4: 836—843.
https://doi.org/10.1007/512640-019-00056-4-

Chung, J. Y., B. N. Lee, Y. S. Kim, B.-S. Shin, and H. G. Kang. 2023. “Sex
Differences and Risk Factors in Recurrent Ischemic Stroke.” Frontiers in
Neurology 14: 1028431. https://doi.org/10.3389/fneur.2023.1028431.

Dehlendorff, C., K. K. Andersen, and T. S. Olsen. 2014. “Body Mass Index
and Death by Stroke no Obesity Paradox.” JAMA Neurology 71, no. 8: 978
984. https://doi.org/10.1001/jamaneurol.2014.1017.

Di Angelantonio, E., S. N. Bhupathiraju, D. Wormser, et al. 2016. “Body-
Mass Index and All-Cause Mortality: Individual-Participant-Data Meta-
Analysis of 239 Prospective Studies in Four Continents.” Lancet 388, no.
10046: 776-786. https://doi.org/10.1016/s0140-6736(16)30175-1.

Doehner, W.,J. Schenkel, S. D. Anker, J. Springer, and H. J. Audebert. 2013.
“Overweight and Obesity Are Associated With Improved Survival, Func-
tional Outcome, and Stroke Recurrence After Acute Stroke or Transient
Ischaemic Attack: Observations From the TEMPiS Trial.” European Heart
Journal 34, no. 4: 268-277. https://doi.org/10.1093/eurheartj/ehs340.

Du, Y., C. Oh, and J. No. 2018. “Associations Between Sarcopenia and
Metabolic Risk Factors: A Systematic Review and Meta-Analysis.” Journal
of Obesity & Metabolic Syndrome 27, no. 3:175-185. https://doi.org/10.7570/
jomes.2018.27.3.175.

Feigin, V. L., G. A. Roth, M. Naghavi, et al. 2016. “Global Burden of
Stroke and Risk Factors in 188 Countries, During 1990-2013: A Systematic
Analysis for the Global Burden of Disease Study 2013.” Lancet Neurology
15, no. 9: 913-924. https://doi.org/10.1016/s1474-4422(16)30073-4.

Feigin, V. L., B. A. Stark, C. O. Johnson, et al. 2021. “Global, Regional, and
National Burden of Stroke and Its Risk Factors, 1990-2019: A Systematic
Analysis for the Global Burden of Disease Study 2019.” Lancet Neurology
20, no. 10: 795-820. https://doi.org/10.1016/s1474-4422(21)00252-0.

Flegal, K. M., M. D. Carroll, B. K. Kit, and C. L. Ogden. 2012. “Prevalence
of Obesity and Trends in the Distribution of Body Mass Index Among US
Adults, 1999-2010.” JAMA-Journal of the American Medical Association
307, no. 5: 491-497. https://doi.org/10.1001/jama.2012.39.

9 of 11


https://publons.com/publon/10.1002/brb3.70550
https://doi.org/10.1161/jaha.118.008974
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.06.031
https://doi.org/10.1111/ijs.12016
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.11.002
https://doi.org/10.1161/circresaha.116.308398
https://doi.org/10.1016/s0027-9684(15)30173-5
https://doi.org/10.1007/s12640-019-00056-4
https://doi.org/10.3389/fneur.2023.1028431
https://doi.org/10.1001/jamaneurol.2014.1017
https://doi.org/10.1016/s0140-6736(16)30175-1
https://doi.org/10.1093/eurheartj/ehs340
https://doi.org/10.7570/jomes.2018.27.3.175
https://doi.org/10.1016/s1474-4422(16)30073-4
https://doi.org/10.1016/s1474-4422(21)00252-0
https://doi.org/10.1001/jama.2012.39

Gao, Y, Y. M. Xie, Y. F. Cai, et al. 2020. “Risk factors Associated With
Recurrence Within 90 Days of Ischemic Stroke Onset in Chinese Medicine
Hospital: A National Cross-Sectional Study in China.” World Journal of
Traditional Chinese Medicine 6, no. 4: 441-447. https://doi.org/10.4103/
wijtcm.wjtcm_32_20.

Greenland, S., and M. P. Longnecker. 1992. “Methods for Trend Estimation
From Summarized Dose-Response Data, With Applications to Meta-
Analysis.” American Journal of Epidemiology 135, no. 11: 1301-1309.
https://doi.org/10.1093/oxfordjournals.aje.al16237.

Hankey, G. J. 2017. “Stroke.” Lancet 389, no. 10069: 641-654. https://doi.
0rg/10.1016/s0140-6736(16)30962-X.

Hao, X., and J. Wenkai. 2001. “A Study of the Body Mass Index of Adults
in Jiangsu Province.” Sports & Science 22, no. 6: 39-43.

Higashi, Y., K. Nakagawa, M. Kimura, et al. 2002. “Low Body Mass Index
is a Risk Factor for Impaired Endothelium-Dependent Vasodilation in
Humans: Role of Nitric Oxide and Oxidative Stress.” Circulation 106, no.
19: 425-425.

Hou, Z., Y. Pan, Y. Yang, et al. 2021. “An Analysis of the Potential
Relationship of Triglyceride Glucose and Body Mass Index With Stroke
Prognosis.” Front Neurology 12: 630140. https://doi.org/10.3389/fneur.
2021.630140.

Huang, K., F. Liu, X. Han, et al. 2016. “Association of BMI With Total
Mortality and Recurrent Stroke Among Stroke Patients: A Meta-Analysis
of Cohort Studies.” Atherosclerosis 253: 94-101. https://doi.org/10.1016/j.
atherosclerosis.2016.08.042.

Hviid Hornnes, A., J. B. Valentin, G. Boysen, K. Groes Larsen, and S. P.
Johnsen. 2024. “Long-Term Risk Factors of Recurrent Stroke, Myocardial
Infarction and Death in Patients Leaving Hospital With a Diagnosis of
Ischemic Stroke or TIA.” Scandinavian Cardiovascular Journal 58, no. 1:
2373085. https://doi.org/10.1080/14017431.2024.2373085.

Jingguang, W., L. Haijun, and W. Yunfeng. 2016. “Analysis of Risk
Factors for Rebleeding After the Treatment of Hypertensive Intracerebral
Hemorrhage With Frontal Cone Drainage.” Journal of Hebei Medical
University 37, no. 9: 1087-1090.

Jingli, M., X. Qingyun, W. Ruili, et al. 2024. “Effect of Overweight on the
Prognosis of Patients With Acute Mild Ischemic Stroke or Moderate-High
Risk Transient Ischemic Attack.” Journal of Practical Clinical Medicine 28,
no. 2: 1-7+12.

Ju, H., K. B. Lee, B. J. Kim, et al. 2022. “Underweight Predicts Poststroke
Cardiovascular Events in Patients Without Atrial Fibrillation.” Journal of
Stroke & Cerebrovascular Diseases 31, no. 10: 106706. https://doi.org/10.
1016/j.jstrokecerebrovasdis.2022.106706.

Kawase, S., H. Kowa, Y. Suto, et al. 2017. “Association Between body Mass
Index and Outcome in Japanese Ischemic Stroke Patients.” Geriatrics &
Gerontology International 17, no. 3: 369-374. https://doi.org/10.1111/ggi.
12713.

Kolmos, M., L. Christoffersen, and C. Kruuse. 2021. “Recurrent Ischemic
Stroke-A Systematic Review and Meta-Analysis.” Journal of Stroke
& Cerebrovascular Diseases 30, no. 8: 105935. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2021.105935.

Kumral, E., C. E. Erdogan, A. Ari, F. E. Bayam, and G. Saruhan.
2021. “Association of Obesity With Recurrent Stroke and Cardiovascular
Events.” Revue Neurologique 177, no. 4: 414-421. https://doi.org/10.1016/j.
neurol.2020.06.019.

Kwon, H., J. M. Yun, J. H. Park, et al. 2021. “Incidence of Cardiovascular
Disease and Mortality in Underweight Individuals.” Journal of Cachexia

Sarcopenia and Muscle 12, no. 2: 331-338. https://doi.org/10.1002/jcsm.
12682.

Lavie, C. J., A. De Schutter, and R. V. Milani. 2015. “Healthy Obese Versus
Unhealthy Lean: The Obesity Paradox.” Nature Reviews Endocrinology 11,
no. 1: 55-62. https://doi.org/10.1038/nrendo.2014.165.

Lekoubou, A., C. Nkoke, A. Dzudie, and A. P. Kengne. 2017. “Recurrent
Stroke and Early Mortality in an Urban Medical Unit in Cameroon.”

Journal of Stroke & Cerebrovascular Diseases 26, no. 8: 1689-1694. https://
doi.org/10.1016/j.jstrokecerebrovasdis.2017.03.031.

Li, C.-W,, K. Yu, N. Shyh-Chang, et al. 2019. “Circulating Factors
Associated With Sarcopenia During Ageing and After Intensive Lifestyle
Intervention.” Journal of Cachexia Sarcopenia and Muscle 10, no. 3:
586-600. https://doi.org/10.1002/jcsm.12417.

Liberati, A., D. G. Altman, J. Tetzlaff, et al. 2009. “The PRISMA Statement
for Reporting Systematic Reviews and Meta-Analyses of Studies That
Evaluate Healthcare Interventions: Explanation and Elaboration.” BMJ
339: b2700. https://doi.org/10.1136/bm;j.b2700.

Lin, B. L., Z. X. Zhang, Y. X. Mei, et al. 2021. “Cumulative risk of Stroke
Recurrence Over the Last 10 Years: A Systematic Review and Meta-
Analysis.” Neurological Sciences 42, no. 1: 61-71. https://doi.org/10.1007/
510072-020-04797-5.

Longde, W., P. Bin, Z. Hongqi, et al. 2022. “Summary of China Brain
Stroke Prevention and Treatment Report 2020.” China Brain Journal of
Cerebrovascular Diseases 19, no. 2: 136-144.

Mitchell, A. B., J. W. Cole, P. F. McArdle, et al. 2015. “Obesity Increases
Risk of Ischemic Stroke in Young Adults.” Stroke; A Journal of Cerebral
Circulation 46, no. 6: 1690-1692. https://doi.org/10.1161/strokeaha.115.
008940.

Mohan, K. M., C. D. A. Wolfe, A. G. Rudd, P. U. Heuschmann, P. L.
Kolominsky-Rabas, and A. P. Grieve. 2011. “Risk and Cumulative Risk
of Stroke Recurrence A Systematic Review and Meta-Analysis.” Stroke;
a Journal of Cerebral Circulation 42, no. 5: 1489-1494. https://doi.org/10.
1161/strokeaha.110.602615.

Obesity: preventing and managing the global epidemic. Report of a WHO
consultation. 2000. World Health Organization Technical Report Series
894: i-xii, i-253.

Oesch, L., T. Tatlisumak, M. Arnold, and H. Sarikaya. 2017. “Obesity
Paradox in Stroke—Myth or Reality? A Systematic Review.” PLoS ONE
12, no. 3: e0171334. https://doi.org/10.1371/journal.pone.0171334.

Olsen, T. S., C. Dehlendorff, H. G. Petersen, and K. K. Andersen. 2008.
“Body Mass Index and Poststroke Mortality.” Neuroepidemiology 30, no.
2:93-100. https://doi.org/10.1159/000118945.

Orsini, N., R. Bellocco, and S. Greenland. 2006. “Generalized Least
Squares for Trend Estimation of Summarized Dose-Response Data.” Stata
Journal 6, no. 1: 40-57. https://doi.org/10.1177/1536867x0600600103.

Ovbiagele, B., P. M. Bath, D. Cotton, R. Vinisko, and H.-C. Diener. 2011.
“Obesity and Recurrent Vascular Risk After a Recent Ischemic Stroke.”
Stroke; a Journal of Cerebral Circulation 42, no. 12: 3397-3402. https://doi.
org/10.1161/STROKEAHA.111.624957.

Owolabi, M. O., A. G. Thrift, A. Mahal, et al. 2022. “Primary Stroke
Prevention Worldwide: Translating Evidence Into Action.” Lancet Public
Health 7, no. 1: E74-E85. https://doi.org/10.1016/s2468-2667(21)00230-9.

Pezzini, A., M. Grassi, M. Paciaroni, et al. 2013. “Obesity and the
Risk of Intracerebral Hemorrhage the Multicenter Study on Cerebral
Hemorrhage in Italy.” Stroke; a Journal of Cerebral Circulation 44, no. 6:
1584-1589. https://doi.org/10.1161/strokeaha.111.000069.

Prospective Studies Collaboration. 2009. “Body-Mass Index and Cause-
Specific Mortality In 900,000 Adults: Collaborative Analyses of 57
Prospective Studies Prospective Studies Collaboration COMMENT.”
Obstetrical & Gynecological Survey 64, no. 9: 602-604.

Rong, Y., L. Chen, T. T. Zhu, et al. 2013. “Egg Consumption and Risk
of Coronary Heart Disease and Stroke: Dose-Response Meta-Analysis
of Prospective Cohort Studies.” BMJ-British Medical Journal 346: e8539.
https://doi.org/10.1136/bmj.e8539.

Ryu, W.-S., S.-H. Lee, C. K. Kim, B. J. Kim, and B.-W. Yoon. 2011. “Body
Mass Index, Initial Neurological Severity and Long-Term Mortality in
Ischemic Stroke.” Cerebrovascular Diseases 32, no. 2: 170-176. https://doi.
0rg/10.1159/000328250.

Samsa, G. P., J. Bian, J. Lipscomb, and D. B. Matchar. 1999. “Epidemiology
of Recurrent Cerebral Infarction—A Medicare Claims-Based Comparison

10of11

Brain and Behavior, 2025


https://doi.org/10.4103/wjtcm.wjtcm_32_20
https://doi.org/10.1093/oxfordjournals.aje.a116237
https://doi.org/10.1016/s0140-6736(16)30962-x
https://doi.org/10.3389/fneur.2021.630140
https://doi.org/10.1016/j.atherosclerosis.2016.08.042
https://doi.org/10.1080/14017431.2024.2373085
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106706
https://doi.org/10.1111/ggi.12713
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105935
https://doi.org/10.1016/j.neurol.2020.06.019
https://doi.org/10.1002/jcsm.12682
https://doi.org/10.1038/nrendo.2014.165
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.03.031
https://doi.org/10.1002/jcsm.12417
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1007/s10072-020-04797-5
https://doi.org/10.1161/strokeaha.115.008940
https://doi.org/10.1161/strokeaha.110.602615
https://doi.org/10.1371/journal.pone.0171334
https://doi.org/10.1159/000118945
https://doi.org/10.1177/1536867x0600600103
https://doi.org/10.1161/STROKEAHA.111.624957
https://doi.org/10.1016/s2468-2667(21)00230-9
https://doi.org/10.1161/strokeaha.111.000069
https://doi.org/10.1136/bmj.e8539
https://doi.org/10.1159/000328250

of First and Recurrent Strokes on 2-Year Survival and Cost.” Stroke; a
Journal of Cerebral Circulation 30, no. 2: 338-349. https://doi.org/10.1161/
01.Str.30.2.338.

Scherbakov, N., U. Dirnagl, and W. Doehner. 2011. “Body Weight After
Stroke Lessons From the Obesity Paradox.” Stroke; a Journal of Cerebral
Circulation 42, no. 12: 3646-3650. https://doi.org/10.1161/Strokeaha.111.
619163.

Stang, A. 2010. “Critical Evaluation of the Newcastle-Ottawa Scale for the
Assessment of the Quality of Nonrandomized Studies in Meta-Analyses.”
European Journal of Epidemiology 25, no. 9: 603-605. https://doi.org/10.
1007/510654-010-9491-z.

Tsao, C. W., A. W. Aday, Z. I. Almarzooq, et al. 2022. “Heart Disease
and Stroke Statistics-2022 Update: A Report From the American Heart
Association.” Circulation 145, no. 8: E153-E639. https://doi.org/10.1161/cir.
0000000000001052.

Vemmos, K., G. Ntaios, K. Spengos, et al. 2011. “Association Between
Obesity and Mortality After Acute First-Ever Stroke the Obesity-Stroke
Paradox.” Stroke; a Journal of Cerebral Circulation 42, no. 1: 30-36. https://
doi.org/10.1161/strokeaha.110.593434.

Veronese, N., K. Sigeirsdottir, G. Eiriksdottir, et al. 2017. “Frailty
and Risk of Cardiovascular Diseases in Older Persons: The Age,
Gene/Environment  Susceptibility-Reykjavik ~ Study.”  Rejuvenation
Research 20, no. 6: 517-524. https://doi.org/10.1089/1ej.2016.1905.

Wang, X., Y. Huang, Y. Chen, et al. 2022. “The Relationship Between Body
Mass Index and Stroke: A Systemic Review and Meta-Analysis.” Journal
of Neurology 269, no. 12: 6279-6289. https://doi.org/10.1007/s00415-022-
11318-1.

Winter, Y., S. Rohrmann, J. Linseisen, et al. 2008. “Contribution of
Obesity and Abdominal Fat Mass to Risk of Stroke and Transient Ischemic
Attacks.” Stroke; a Journal of Cerebral Circulation 39, no. 12: 3145-3151.
https://doi.org/10.1161/strokeaha.108.523001.

Xiantao, Z., L. Hui, C. Xi, and L. Weidong. 2012. “Meta-Analysis Series IV:
Quality Evaluation Tools for Observational Research.” Chinese Journal of
Evidence-Based Cardiovascular Medicine 4, no. 4: 297-299.

Xue, Q.-L., K. Bandeen-Roche, R. Varadhan, J. Zhou, and L. P. Fried.
2008. “Initial Manifestations of Frailty Criteria and the Development of
Frailty Phenotype in the Women’s Health and Aging Study I1.” Journals
of Gerontology Series a-Biological Sciences and Medical Sciences 63, no. 9:
984-990. https://doi.org/10.1093/gerona/63.9.984.

Yan, C., Z. Xiaoyun, S. Qiong, and L. Yongfeng. 2021. “The Relationship
Between Low Body Mass Index and Prognosis in Elderly Patients With
Acute Cerebral Infarction.” Chinese Journal of Gerontology 41, no. 10:
2032-2034.

Zhao, W., Z. An, Y. Hong, et al. 2015. “Sex Differences in Long-Term
Outcomes Among Acute Ischemic Stroke Patients With Diabetes in
China.” Biology of Sex Differences 6: 29. https://doi.org/10.1186/s13293-015-
0045-7.

Supporting Information

Additional supporting information can be found online in the Supporting
Information section.

11 of 11


https://doi.org/10.1161/01.Str.30.2.338
https://doi.org/10.1161/Strokeaha.111.619163
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1161/cir.0000000000001052
https://doi.org/10.1161/strokeaha.110.593434
https://doi.org/10.1089/rej.2016.1905
https://doi.org/10.1007/s00415-022-11318-1
https://doi.org/10.1161/strokeaha.108.523001
https://doi.org/10.1093/gerona/63.9.984
https://doi.org/10.1186/s13293-015-0045-7

	The Relationship Between Body Mass Index and Recurrence Risk of Stroke: A Systematic Review and Dose-Response MetaAnalysis
	1 | Introduction
	2 | Methods
	2.1 | Data Sources and Search Strategy
	2.2 | Study Selection
	2.3 | Data Extraction and Quality Assessment
	2.4 | Statistical Analysis

	3 | Results
	3.1 | Literature Search
	3.2 | Study Characteristics
	3.3 | Risk of Bias in Included Studies
	3.4 | The Result of Meta-Analysis
	3.5 | Effect of Underweight and Normal BMI Categories on Recurrence Risk of Stroke
	3.6 | Effect of Overweight and Normal BMI Categories on Recurrence Risk of Stroke
	3.7 | Effect of Obese and Normal BMI Categories on Recurrence Risk of Stroke
	3.8 | The Result of Sensitivity Analysis
	3.9 | The Result of Dose-Response Analysis

	4 | Discussion
	5 | Limitations
	6 | Conclusion
	Author Contributions
	Acknowledgments
	Ethics Statement
	Consent
	Conflicts of Interest
	Permission to Reproduce Material From Other Sources
	Data Availability Statement
	Peer Review

	References
	Supporting Information


