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Abstract

Background: Headache accompanying ischemic stroke is considered an independent predictor of neurological
deterioration. This meta-analysis aims to estimate the prevalence of ischemic stroke-related headaches and identify its
risk factors in China.

Methods: PubMed, Embase, Cochrane Library database, Web of Science, PsycINFO, and four Chinese databases for
the related publications were searched. Two researchers independently selected the literature, extracted the relevant
data, and assessed its methodological quality. The meta-analysis applied a random-effects model with R software to
calculate the pooled prevalence of ischemic stroke-related headaches in Chinese patients, and to merge the odds
ratio (OR) of risk factors. Subgroup analysis, sensitivity analysis, and meta-regression analysis were conducted. Publica-
tion bias was assessed by a funnel plot and Egger test.

Results: Ninety-eight studies were eligible for inclusion. The overall pooled prevalence of ischemic stroke-related
headache was 18.9%. Subgroup analysis showed that the prevalence of ischemic stroke related-headaches was
higher among studies using self-report to diagnosis headache (18.9%; 95%Cl, 8.9% to 40.2%), and those focused on
age > 55 years (19.7%; 95%Cl, 14.9% to 25.9%), rural settings (24.9%; 95%Cl, 19.7% to 31.6%). There were no significant
differences in the headache prevalence between studies in the south and north, and inland and coastal studies. The
prevalence of pre onset headache (13.9%) and tension-type headache (15.5%) and was higher compared with other
types. History of headache (OR=3.24; 95%Cl, 2.26 t0 4.65.), female gender (OR=2.06; 95%Cl, 1.44 to 2.96.), midbrain
lesions (OR=3.56; 95%Cl, 1.86 to 6.83.), and posterior circulation stroke (OR=2.13; 95%Cl, 1.14 to 4.32) were major risk
factors.

Conclusion: The prevalence of ischemic stroke-associated headache is high in China. In addition, women, presence
of midbrain lesions, posterior circulation stroke and a history of migraine were high-risk factors for ischemic stroke-
related headaches. Designing effective interventions to prevent or alleviated headaches is necessary to promote
patients'neurological recovery and quality of life.
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Background

Globally, stroke is the second leading cause of death [1]
and poses a serious burden to the caregivers and soci-
ety [2, 3]. Ischemic stroke accounts for more than 70%
of strokes [4]. The focus of poststroke rehabilitation is
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usually on restoring neurological function and reduc-
ing the risk of recurrence. The presence of comorbidi-
ties, such as poststroke headache, is usually neglected
and often undertreated, particularly in low- and middle-
income countries [5]. Headache is a symptom of pain in
the face, head, or neck, which can lead to disability in
most patients with somatic and neurological disorders
[6]. Headaches are usually divided into two types [7]: pri-
mary, which mainly include migraine and tension-type
headaches (TTH) [8], and secondary, which are often
caused by stroke, tumors, infections, etc. [9].

Headaches occur in 6%—44% of people with ischemic
stroke [10]. Migraine with aura is associated with a two-
fold increase in the risk for ischemic stroke [11, 12].
Additionally, headache accompanying ischemic stroke
is considered an independent predictor of neurological
deterioration [13, 14]. New-onset headache presenting
with acute ischemic stroke is a predictor of persistent
headache 6 months after stroke [15]. Poststroke head-
ache is considered a common form of chronic poststroke
pain [16, 17]. A previous systematic review has explored
the global prevalence and characteristics of new-onset
poststroke headache [10], within which only 2 of the 20
included studies were from Asian populations. However,
in their review, neither did they perform a stratified anal-
ysis of the different types of headaches, nor a quantita-
tive analysis of the additional risk factors was conducted,
which limited our understanding of ischemic stroke-
related headaches. Although the diverse study population
in this review facilitated our understanding of the global
status of ischemic stroke-related headaches, they failed
to consider the national-level heterogeneities, within
which the Chinese population has some unique features.
According to the previous studies, China has the highest
prevalence of stroke cases and bears the biggest stroke
burden in the world [4, 18].

With demographic shifts and the rapid growth of
China’s elderly population, lifestyle habits in China are
changing [19, 20]. Studies conducted in different regions
of China have examined the prevalence of stroke-related
headache symptoms. However, the reported prevalence
varied widely from 0.6% [21] to 82.5% [22]. Moreover, the
findings on the subgroups were inconsistent. For exam-
ple, some studies have shown significant sex-specific dif-
ferences in the prevalence of stroke-related headaches,
in which women were found to be more prone to head-
aches than men [23, 24]. However, others have reported
no such differences [25, 26]. Similarly, while some stud-
ies have shown that the prevalence of stroke-related
headaches tends to decrease with age [27], others have
reached an opposite conclusion [26, 28]. According to the
data from the Global Burden of Disease Study, the inci-
dence of stroke in China has decreased from 222/100,000
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in 2005 to 201/100,000 in 2019 [29]. However, the preva-
lence of the disease continues to be on the rise [29].
Stroke-related headaches are more likely to be a signifi-
cant cause of disability. The lack of epidemiological and
outcome-based studies can limit the understanding and
treatment of persistent poststroke headaches. Therefore,
this study conducted this systematic review and meta-
analysis to understand the prevalence and risk factors
for stroke-related headaches in China, including Chinese
and English language studies. In addition to estimating
the overall prevalence of stroke-related headaches, we
hypothesized that there would be differences in the prev-
alence of headaches based on differences in geographic
setting, age, study setting, diagnostic methods, and head-
aches types. Furthermore, we conducted a meta-regres-
sion to explore the impact of the potential covariates
such as methodological and economic factors on preva-
lence estimates. This work provides a strong theoretical
basis for policy development on effective prevention and
treatment services for this public health concern.

Methods

This study was registered with PROSPERO
(CRD42022328476) and conducted in accordance with
the Preferred Reporting Items for Systematic Review and
Meta-analysis (PRISMA) [30] guidelines.

Search strategy

The following 9 electronic bibliographic databases were
searched (from inception until December 30, 2021): Pub-
Med, EMBASE, PsycINFO, Web of Science, Cochrane
Library, CNKI, VIP, CBM, and the WanFang database
for Chinese Periodicals, by applying a pretested search
strategy.

Our search strategy employed medical subject head-
ing (MeSH) and natural language text words. The refer-
ences from the relevant papers or reviews were manually
searched for additional studies. In case of missing rel-
evant data from studies, we contacted the authors via
email. Finally, all studies that were classified as headache
studies among ischemic stroke patients in China were
screened. On April 15, 2022, another search was per-
formed on the previously mentioned database to locate
the latest studies (Supplementary Table 1).

Inclusion and exclusion criteria

Studies were included in the review if they fulfilled the
following inclusion criteria: observational studies (includ-
ing cohort studies, cross-sectional studies, and case—con-
trol studies) that identified the prevalence of headaches
in patients with ischemic stroke; studies that were pub-
lished in English or Chinese language; studies that were
published in a peer-reviewed journal or as conference
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proceedings with complete details. We excluded com-
mentaries, letters, duplicate studies, reviews, and studies
with a sample size below 60. Studies were also excluded if
the full-text article was unable to be retrieved.

First, the Endnote X9 software was used to remove
duplicates as well as to facilitate the screening process;
second, the titles and abstracts in the non-duplicate
papers were screened; and finally, the full texts were read
to determine which studies were included/excluded, and
the reasons for exclusion were recorded. The literature
were independently screened by two researchers (Qi Xie
and Qiang Guo) in accordance with the eligibility criteria.
Any discrepancies were resolved through consensus or
consultation with a third reviewer (Xin-Man Dou).

Data extraction and quality assessment

The process of data extraction and quality assess-
ment were conducted in duplicate (Qi Xie and Xinglei
Wang) with third-party (Xin-Man Dou) adjudication
for disagreements. Data from the included studies were
extracted using a standard data extraction form. The fol-
lowing information was collected: first author, year of
publication, geographical location (province and area),
provincial Gross Domestic Product (GDP) (according to
the Chinese government’s administrative records), study
setting (urban or rural), sample size, numbers of head-
ache events, the characteristics of the study participants,
types of headaches, and the diagnosis criteria of head-
ache. If the number of headache events was not reported
in the included studies, the proportion reported and the
total sample size were used for analyses. To ascertain the
risk factors for headache among patients with stroke in
China, the odds ratio (OR) and associated 95% confi-
dence intervals (CI) from multiple logistic regression
were directly extracted from the included studies.

The methodological quality of case—control studies and
cohort studies were assessed using the modified Newcas-
tle—Ottawa Scale (NOS) [31]. The checklist consists of 5
items: representativeness of the sample, sample size, non-
respondents, ascertainment of headache, and quality of
descriptive statistics reporting. The total scores ranged
from 0 to 5 points, with studies having a low risk of bias
(>3 points) or a high risk of bias (<3 points) (Scoring
details in supplementary Table 2). In addition, the risk
of bias in a cross-sectional study was assessed using
the instrument Agency for Healthcare Research and
Quality (AHRQ) [32]. This tool had a total of 11 items,
as listed below: if the answer to an object was “No” or
“UNCLEAR; the item’s score was “0”; if the answer was
“Yes,” the item score “1’, with a total score of 0—11 points,
0-3 points=low quality, 4-7 points=medium quality,
and 8-11 points =high quality [33].

Page 3 of 12

Statistical analyses

Meta-analysis was conducted using the meta () package
available for the R software (version 4.1.2). Event rates
and 95% CI were calculated for each study using the
frequency of headaches reported in each study and the
total sample size. To identify the risk factors for head-
ache in Chinese ischemic stroke patients, the OR value
was merged from the included studies. Based on the
heterogeneity of the geographic regions and the vari-
ability in screening and diagnostic tools, we considered
the random-effects model for meta-analysis as a better
choice. A random-effects model was applied to assign
weights to each study. Pooled effect sizes and event
rates for each study were presented as a forest plot,
where the size of each study was proportional to their
weights. Statistical heterogeneity was quantified by the
P statistic and formally tested by Cochran’s Q statistic.
Publication bias was assessed through visual inspection
of a funnel plot and the result of the Egger test, consid-
ering statistically significant at P<0.1. The robustness
of the pooled estimates was assessed by sensitivity anal-
ysis (using leave-one-out analysis).

To explore the sources of heterogeneity, subgroup
analyses were applied based on age (children < 18 years,
adults 18-55 years, and elderly>55 years), geographi-
cal setting (area), study setting (urban or rural), meth-
ods of diagnosis, and the types of headaches. Moreover,
meta-regression analysis was performed to determine
whether potential covariates could explain the hetero-
geneity between studies. Statistical significance was set
at P<0.05 [34]. To understand the impact of the China
National Stroke Screening and Prevention Project
(CNSSPP) [35] for high-risk stroke patients, which was
released in 2012, the enrolled studies were divided into
two categories based on their year of publication. This
cut-off point was selected for studies before and after
the year 2012. This cut-off point was selected based on
the hypothesis that the implementation of the policy
would affect the number of visits and the time to detec-
tion of the first clinical symptom [36].

Results

Study selection

In this study, 13,611 records were searched from the 9
databases and other resources (Fig. 1). After analyzing
the title and abstract, 402 publications were selected
for the full-text assessment. Finally, 98 full-text stud-
ies were included. A total of 98 studies from 24 regions
in China were included in the meta-analysis, and the
pooled sample size was 34,410 Chinese patients with
ischemic stroke (Fig. 2).
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Fig. 1 Flow diagram of the study selection process in the meta-analysis

Study characteristics and methodologic quality

The 98 full-text studies that were included covered 22
provinces and 2 municipalities. Among the studies,
58 were conducted in northern China, 38 in the south-
ern areas, and 2 studies did not specify the area. Fur-
thermore, 74 studies were sourced from samples of the
urban population, 18 studies from the rural population,
4 studies included both, and the remaining 2 studies did
not mention the setting. Both coastal (n=43) and inland
areas (n=53) were included. The method used for head-
ache determination included a visual analog scale, self-
reported, Guidelines for the Prevention and Treatment
of Migraine in China, Migraine diagnostic criteria devel-
oped by the Collaborative Group on Epidemiological
Investigation of Neurological Disorders, Select Commit-
tee of the National Institutes of Health, and the Interna-
tional Classification of Headache Disorders. For most of
the studies, the source of the study population was sin-
gle-center (n=77, 78.6%) rather than multicenter (n=6).
According to the modified version of NOS scores and the

AHRQ scores, 74 studies presented a relatively low risk
of bias, whereas the remaining 24 presented a high risk of
bias. (Supplementary Table 3).

Meta-analysis of the pooled prevalence of headache

The prevalence of headaches in the 98 studies varied
widely from 0.6% to 82.5%. The pooled prevalence of
headache among patients with ischemic stroke was 18.9%
(95% CI: 15.8—22.6, I>=99%, Fig. 3). Table 1 summarized
the subgroup pooled prevalence of headache among
patients with ischemic stroke. The headaches were clas-
sified on the basis of headache types, location, duration,
and site of cerebral infarction. The test for heterogeneity
was significant in all the subgroups (p<0.001) (Table 1).
An obvious asymmetry in the funnel plot (Fig. 4) and
Egger test (p<0.1) showed the presence of significant
publication bias. The results of the sensitivity analysis
established that none of the studies had any significant
impact on the pooled prevalence of headaches (Supple-
mentary Fig. 1).
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Fig. 2 Provincial distribution pattern of ischemic stroke headache prevalence in China

Subgroup analysis revealed that studies using self-
report for diagnosis produced the highest prevalence
of ischemic stroke headache (18.9%; 95% CI, 8.9%—
40.2%), followed by the visual analog scale (15.0%; 95%
CI, 3.4%—-67.1%) and the International Classification
of Headache Disorders (17.5%; 95% CI, 7.7%—39.4%),
and this difference was significant (P<0.01). The prev-
alence of headaches did not differ between the south-
ern and northern areas of China (P=0.92); moreover,
it did not differ between the inland and coastal regions

(P=0.94). The prevalence of headaches was the highest
among patients with a mean age of > 55 years (19.7%;
95% CI, 14.9%-25.9%), followed by those <18 years of
age (15.6%; 95% CI, 11.8%—-20.8%), and 18 to 55 years of
age (13.9%; 95% CI, 10.3%—18.8%). This difference was
statistically significant (P=0.02). Studies conducted in
mixed settings reported the lowest prevalence of head-
ache (10.0%; 95% CI, 5.0%-20.1%) followed by urban
settings (18.9%; 95% CI, 15.9%-22.5%) and rural set-
tings (24.9%; 95% CI, 19.7%-31.6%). This subgroup
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Study Events Total Proportion 95%-Cl Weight
Wenyan Xie 2021 164 0260 [0.226;0.295] 1.1%
Min Wang 2021 26 0234 [0.159;0.324] 1.0%
Yilin Pang 2021 10 0.092 [0.045;0.162] 1.0%
Lingiang Hu 2021 14 0.102 [0.057;0.166]  1.0%
Mingzhu Gong 2021 158 0.186 [0.161;0.214] 1.1%
Yaxian Deng 2021 36 0209 [0.151;0.278] 1.1%
Juanjuan Ran 2021 55 0212 [0.164;0266] 1.1%
Deng, Y. 2021 36 0.209 [0.151;0.278] 1.1%
Hongjie Wang 2020 65 0.542 [0.448;0633] 1.1%
Yao Deng 2020 29 0.169 [0.116;0.233]  1.0%
Dongping Chen 2020 95 0.508 [0.434;0.582] 1.1%
Yanmin zhang 2019 30 0441 [0.321;0567] 1.1%
Weiging Zhang 2019 8 0.057 [0.025;0.109] 0.9%
Huixia Zhang 2019 47 0.370 [0.286;0.460] 1.1%
Li Wang 2019 4 0.006 [0.002;0.015] 0.8%
Feng Wang 2019 12 0.190 [0.102;0.309] 1.0%
Xiaoyan Chen 2019 36 0.070 [0.049;0.095] 1.0%
Zhenfei Cai 2019 3127 0.825 [0.812;0.837] 1.1%
Yuhan Wang 2019 53 0.321 [0.251;0.398] 1.1%
Yingshuang Zhang 2018 22 0.110 [0.070;0.162]  1.0%
Huiqin Liu 2018 1 0.106 [0.054;0.181] 1.0%
Xiaoqing Li 2018 22 0250 [0.164;0.354] 1.0%
Huijun Zhao 2017 56 0.306 [0.240;0.378] 1.1%
Xiaolin Tan 2017 14 0.101 [0.057;0.164] 1.0%
Xiaojun Zheng 2016 6 0.050 [0.019;0.108]  0.9%
Yunhua Zang 2016 8 0.080 [0.035;0.152] 0.9%
Guangsheng Wang 2016 115 0266 [0.225;0.310] 1.1%
Hui Shen 2016 0.122 [0.063;0.208] 1.0%
Hao Lin 2016 18 0.200 [0.123;0.298] 1.0%
Yumei Chen 2016 114 0.438 [0.377;0.501] 1.1%
Fei Zhuang 2015 15 0.250 [0.147;0.379] 1.0%
Yuanyuan Zhang 2015 9 0.098 [0.046;0.178]  1.0%
Shiqgi Yin 2015 15 0.242 [0.142;0.367] 1.0%
Xuemei Wu 2015 36 0.300 [0.220;0.390] 1.1%
Jiafan Tang 2015 514 0.681 [0.646;0.714] 1.1%
Yafang Hu 2015 25 0.250 [0.169;0.347]  1.0%
LinRen 2014 64 0.306 [0.244;0.374] 1.1%
Yali v 2014 12 0.179 [0.096;0.292] 1.0%
Yuanyuan Zhang 2013 91 0228 [0.187;0.272] 1.1%
Qiaorong Xu2013 3 0.023 [0.005;0.065] 0.8%
Qinhua Wu 2013 9 0.017 [0.008;0.032] 0.9%
Hui Liu 2013 81 0.346 [0.285;0.411] 1.1%
Huansong Guo 2013 52 0520 [0.418;0.621] 1.1%
Qing Zhai 2013 8 0.071 [0.031;0.136] 0.9%
Hao Cai 2013 15 0.250 [0.147;0.379] 1.0%
Junlin Bai 2013 49 0.314 [0.242;0.393] 1.1%
Haijun Li 2013 166 0171 [0.148;0.197] 1.1%
Ping-Kun Chen 2013 848 0.074 [0.069;0.079] 1.1%
Yonghong Li 2012 32 0.235 [0.167;0.316] 1.1%
Yaxian Deng 2012 10 0.123 [0.061;0.215]  1.0%
Minquan Zheng 2011 88 0.579 [0.496;0.658] 1.1%
Junping Zhang 2011 5 0.074 [0.024;0.163] 0.9%
Peichun Song 2011 30 0.151 [0.104;0.208]  1.0%
Jinxia Li 2011 16 0.246 [0.148;0.369] 1.0%
Hui Jiang 2011 86 0.717 [0.627;0.795] 1.1%
Jian Gao 2009 15 0214 [0.125;0.329] 1.0%
Mingxiu Yang 2008 22 0.118 [0.076;0.174]  1.0%
Fengying Wu 2008 8 0.133 [0.059;0.246] 0.9%
Guihong Tian 2008 21 0.333 [0.220;0.463] 1.0%
Ruihua Pan 2008 96 0208 [0.172;0.248] 1.1%
Ping Liu 2008 12 0.185 [0.099;0.300]  1.0%
Wei Hu 2008 51 0.137 [0.104;0.177] 1.1%
Hanbo Chen 2008 164 0.260 [0.226;0.296] 1.1%
Yaoyi Yin 2007 81 0.466 [0.390;0.543] 1.1%
Shujuan Xiong 2007 18 0273 [0.170;0.395]  1.0%
Yiming Mo 2007 32 0.154 [0.108;0.210] 1.0%
Shaoging Li 2007 21 0.164 [0.105;0.240] 1.0%
Chuanwei Cao 2007 25 0.208 [0.140;0.292]  1.0%
Xuejing Wang 2006 1 0.138 [0.071;0.233]  1.0%
Xiaobing Shi 2006 54 0.195 [0.150;0.247] 1.1%
Shijie Zhang 2005 1 0.013 [0.000;0.072]  0.5%
Lan Lin 2005 29 0.330 [0.233;0.438] 1.1%
Jian Hu 2005 25 0.162 [0.108;0.230] 1.0%
Jianmei Zhang 2004 87 0.558 [0.476;0.637] 1.1%
Zhou Zhang 2003 20 0.136 [0.085;0.202] 1.0%
Yunlan Xu 2003 25 0.156 [0.104;0.222] 1.0%
Xiaoxue Fu 2003 24 0.182 [0.120;0.258] 1.0%
Jianmin Jiao 2001 176 0.463 [0.412;0.515] 1.1%
Taiyao Chen 2001 45 0511 [0.402;0619] 1.1%
Qifang Pan 2000 7 0.113 [0.047;0.219]  0.9%
Xiuying Guo 2000 19 0.204 [0.128;0.301]  1.0%
Zheng Wu 1999 27 0233 [0.159;0.320] 1.0%
Chaoping Niu 1999 81 0.319 [0.262;0.380] 1.1%
Yunyi Xu 1998 49 0.163 [0.123;0.210] 1.1%
Ziwen Wang 1998 60 0.300 [0.237;0.369] 1.1%
Dejun Mao 1998 11 0.088 [0.045;0.152] 1.0%
Yanxiang Liu 1998 30 0.227 [0.159;0.308] 1.0%
Lianying Feng 1998 42 0.157 [0.115;0.208] 1.1%
Duchu Wu 1997 3 0.040 [0.008;0.112]  0.8%
Wentao Li 1997 19 0.179 [0.112;0.266] 1.0%
Qingyan Feng 1997 89 0.412 [0.346;0.481] 1.1%
Suju Ding 1997 24 0.077 [0.050;0.112]  1.0%
Fengcun Ming 1996 25 0.085 [0.056;0.123]  1.0%
Lijun Guo 1995 60 0250 [0.197;0.310] 1.1%
Yuanxiao Cui 1995 19 0244 [0.153;0.354] 1.0%
Xiaofei Chen 1994 32 0.154 [0.108;0.210]  1.0%
Zhanen Wang 1993 10 0.127 [0.062;0.220] 1.0%
Shoupeng Liu 1985 34 137 EE— 0.248 [0.178;0.329] 1.1%
Random effects model 34410 < 0.189 [0.158; 0.226] 100.0%
Heterogeneity: /% = 99%, ©* = 0.7530, p = 0

Fig. 3 Forest plot of the prevalence of headaches
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Table 1 Subgroup analyses of the prevalence of headache

Subgroup No. of studies No. of Total No. of Cases Prevalence (%) 95%C/ Heterogeneity Test
Participants 20 B
P (%) Pvalue
Type
Migraine 18 5060 576 8.8 6.4-12.2 93 <0.01
MA 3 1373 47 37 26-53 30 =024
POH 16 6723 3508 139 8.0-239 99 <0.01
IIH 6 12,978 944 7.2 54-9.7 79 <0.01
PIH 7 1712 144 7.1 2.5-20.2 98 <0.01
TTH 4 1018 156 155 8.5-28.1 94 <0.01
Location
One side 5 1533 101 58 2.1-159 96 <0.01
Both sides 5 1361 86 6.2 33-11.5 88 <0.01
Duration
Intermittent pain 4 876 139 149 8.8-25.2 91 <0.01
Persistent headache 3 689 60 7.8 3.7-16.7 88 <0.01
Site of cerebral infarction
Cortical infarction 6 1520 59 43 2.5-75 79 <0.01
Vertebrobasilar artery 5 1483 101 53 25-112 92 <0.01
Internal carotid artery 5 1483 153 8.8 3.5-22.1 97 <0.01

No Number, MA Migraine with aura, POH Pre onset headache, PIH Post ictal headache, /IH Inter ictal headache, TTH Tension type headache

Standard Error
o

06

08

1.0

Log Transformed Proportion

Fig.4 Funnel plot of the enrolled studies
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difference
(P=0.05).

Meta-regression analysis showed that the southern
and northern areas (P=0.70), inland and coastal regions
(P=0.53), provincial GDP (P=0.39), and the year of pub-
lication (P=0.59) were not significant sources of hetero-
geneity, whereas the quality assessment scores (P<0.01)
of studies and study setting (P=0.04) were observed to
be significant sources of heterogeneity.

was marginally statistically significant

Risk factors for headache among patients with ischemic
stroke

Three studies reported the risk factors associated with
headache in ischemic stroke. Random-effects model
analysis revealed that the risk for headache in patients
with stroke who had a history of headache was 3.24 times
higher than that in those without a history of headache.
In the meta-analysis, the risk for headache in women
with stroke was found to be 2.06 times higher than that in
men. The prevalence of headache was 3.56-fold higher in
strokes involving midbrain lesions, as reported by studies
specifying the stroke location. Furthermore, the preva-
lence of headache was 2.13-fold higher in posterior circu-
lation stroke, as reported by studies specifying the stroke
location (Details in Table 2).

Discussion

This meta-analysis was based on 34,410 subjects derived
from 98 studies covering 24 provinces and municipali-
ties in China, which enabled the reliable assessment of
prevalence estimates of headaches at the national level.
To the best of our knowledge, this is the first meta-
analysis on the prevalence of headaches among patients
with ischemic stroke in China, and the results demon-
strated that the overall estimate of headache prevalence
was 18.9%. This pooled prevalence is higher than that
reported in previous studies for Asian and Middle East-
ern (8%) [10] and North American (15%) [10] populations
but lower than that reported for European populations
(22%) [10]. Additionally, the prevalence is lower than that
reported among patients with epilepsy (48%) [37] but
higher than the reported prevalence of primary headache
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in a geriatric population (age>60 years) in rural north-
ern China (10.3%) [38]]. These variations in the headache
prevalence could be attributed to the differences in the
study population and the environment. Moreover, some
comorbidities, such as common chronic diseases (e.g.,
diabetes), that cause vascular lesions and involve the cor-
responding nociceptive nerves may lead to an increased
prevalence of headache in patients with ischemic stroke
[39]. Combined with a decline in physical function with
age, these factors may lead to a higher prevalence of
ischemic stroke and headaches in people over the age of
55 [40]. This finding was also confirmed in our subgroup
analysis on age, with the highest prevalence of headache
being observed in people over 55 years of age. Addition-
ally, most studies did not state whether standardized
and validated measurement tools were used. Also, some
patients were already comatose or aphasic and were una-
ble to express their headache symptoms when they were
sent to the emergency room [41]. Therefore, the preva-
lence of headache symptoms in patients with ischemic
stroke may be higher than the results of the study. There-
fore, we recommend early screening for ischemic stroke-
related headaches in clinical practice.

Despite the availability of diagnostic criteria and clas-
sification tools for different headache types, the accu-
rate diagnosis, and management of headache disorders
remain challenging for nonexpert clinicians [42]. There-
fore, a subgroup analysis was performed based on the
headache screening tools to explore the prevalence of
headaches in the different groups. Subgroup analy-
sis showed that studies using self-report for diagnosis
yielded the highest prevalence. However, self-reported
diagnostic methods do not ensure the accurate classifica-
tion and management of headaches [7]. Therefore, a tool
that facilitates the diagnosis and management of chronic
headache disorders by the clinicians involved in primary
care needs to be developed.

Regarding the types of ischemic stroke-related head-
aches, migraine, pre onset headache (POH), and TTH
were common types in the included studies, which was
consistent with the results of a previous prospective
study on headache at the onset of first ischemic stroke

Table 2 Risk factors for headache in ischemic stroke patients in China

Variables No. of studies No. of Total No. of Cases OR 95%C/ Heterogeneity Test
Participants
P (%) P
History of headache® 3 741 202 324 2.26-4.65 0 047
Female gender® 3 741 202 2.06 1.44-2.96 0 040
Midbrain lesions® 2 554 107 3.56 1.86-6.83 0 0.92
Posterior circulation stroke 1 11,523 848 213 1.14-4.32

No Number, a analysis based on random-effects model
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[43]. The pooled prevalences of migraine, POH, and TTH
in patients with ischemic stroke were 8.8%, 13.9%, and
15.5%, respectively. The pooled prevalence of migraine
was higher than the global prevalence of chronic
migraine (0%—5.1%) in the general population [44]. This
discrepancy could be because of the direct stimulation of
the sensory afferents of the trigeminal vascular system by
ischemic events or the indirect stimulation by ischemia-
related factors [41, 45, 46]. Another possible cause is the
ischemic infarction of the central pain conduction path-
way [47]. Stratified analysis based on the region of cer-
ebral infarction showed that the prevalence of headache
was higher in the internal carotid artery system. How-
ever, the results should be cautiously interpreted, because
only five studies have explored the relationship between
headaches and the cerebral blood supply system. There-
fore, more studies are required to explore the prevalence
of headaches in the cerebral blood supply system and to
confirm whether regional differences exist.

The findings from our research indicated that the
study setting may influence the incidence of headaches.
Patients with ischemic stroke who hailed from urban
areas appeared to face less risk for headaches than those
from rural areas. First, the distribution of stroke disease
burden in China exhibited significant urban-rural dif-
ferences [36]. The National Health Service Survey data
for the period 1993-2013 showed that the prevalence
of stroke in rural areas was significantly lower than that
in urban areas. However, since 2013, the prevalence of
stroke in rural areas has increased rapidly and has sur-
passed that in urban areas, and the difference was more
significant in 2018 [48]. From 2010 to 2019, there was no
significant change in the overall crude mortality rate of
stroke in urban areas, whereas that in rural areas dem-
onstrated an increasing trend and was much higher than
that of urban residents during the same period [36]. All
these factors are more likely to increase the risk of head-
aches in patients from rural areas. Second, significant
national differences existed in the accessibility and qual-
ity of stroke care [5] Relative to rural areas, patients from
urban areas enjoyed relatively greater access to care that
met key organizational and staffing parameters (e.g., sep-
arate wards, staff dedicated to stroke care, regular mul-
tidisciplinary team meetings, established care protocols,
staff education and training, and educational informa-
tion for patients and caregivers) [49-51]. This finding
highlights the importance of stroke management in rural
areas. In the future, the Chinese government should
increase the number of organizations that fulfill the
accepted standards of care for global outcomes and con-
duct early screening in rural as soon as possible.

In China, the burden of stroke is geographically dis-
tributed as “high in the north and low in the south” and
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the mortality-to-incidence ratio is the lowest (suggest-
ing a greater abundance of relevant medical resources)
in economically developed regions, such as the eastern
and southern coasts [36]. However, significant differ-
ences were not observed in this study in the prevalence
of headaches based on subgroup analysis in the south-
ern and northern regions as well as coastal and inland
regions. This difference may be due to the influence of
other factors, such as the patient’s original body condi-
tion, the site of the ischemic stroke lesion, and the asso-
ciated pathophysiological mechanisms of headache [41,
45-47], which are more important than the regional fac-
tors in the occurrence of headache in patients. Therefore,
future studies should attempt to identify the greatest risk
factors for a headache that are linked to patients with
ischemic stroke in China and, thus, provide theoretical
guidance for effective prevention and interventions.
Finally, our study revealed that women were independ-
ent predictors of the occurrence of ischemic stroke-
related headaches, which is consistent with the results of
a previous study on migrainous infarction [52]. Primarily,
this finding may be related to the endocrine hormones
and physiological protein regulation in women [53]. Sec-
ond, women are more susceptible to mood swings than
men and are especially more likely to experience nega-
tive emotions, such as anxiety and irritability, because of
an illness. All these factors may exacerbate the risk for
headaches in women. Furthermore, the results of this
study demonstrated that a history of migraine was an
independent risk factor for the development of ischemic
stroke-related headaches. It is currently accepted that
biochemical alterations, such as the aggregation of excit-
atory amino acids (glutamate and aspartate), are involved
in the excitation of the migraine center in the mechanism
of migraine [54] and that these biochemical alterations
occur in ischemic stroke [55]. Additionally, during the
acute phase of ischemic stroke, the pathophysiological
process of vasoconstriction is caused by the release of
inflammatory transmitters, such as cytokines and vaso-
active peptides, the upregulation of adhesion molecules,
and the release of potassium from depolarized nerve cells
occur during migraine attacks [55]. Therefore, ischemic
stroke-associated migraine may be related to pre-exist-
ing migraine being triggered. Another important find-
ing is that the midbrain was an independent predictor of
headache onset, which is consistent with the results of a
previous prospective study on lacunar cerebral infarction
[39]. As the pathophysiological basis of the conduction
pathways and the mechanisms in the central pain con-
tinue to be elucidated, it can be hypothesized that cen-
tral pain may be related to the damage of the midbrain
periaqueductal gray. This important structure is involved
in pain conduction and regulation and may play a key
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role in headache onset. However, this finding needs to
be confirmed with further studies involving larger sam-
ple sizes and by combining imaging, electrophysiological,
and pathophysiological methods. Similarly, posterior cir-
culation stroke was found to be a predictor of headache
onset, which is consistent with the results of a previous
prospective study on lacunar cerebral infarction [43].
Although posterior circulation stroke is a risk factor, the
small number of studies did not allow for meta-analysis;
therefore, more prospective original studies are needed
to validate the findings.

Strength and limitations

Our review is the first meta-analysis on the prevalence of
ischemic stroke-related headaches in China. The study
has the following strengths: (1) the review was conducted
on a large number of participants, ensuring the statisti-
cal power and accuracy of the estimates; (2) numerous
studies included in the meta-analysis were described in
Chinese, hence pooling of these data may be considered
valuable to non-Chinese readers and for future studies on
ischemic stroke-related headache and the related fields;
(3) despite differences in in the demographic character-
istics and methods, such as the diagnostic criteria for
headache, the sensitivity analysis suggested that our final
pooled results are statistically robust. Nevertheless, our
study has the following limitations. The potential sources
of heterogeneity were explored through subgroup analy-
sis and meta-regression analysis. However, consider-
able heterogeneity remained in the studies evaluated in
the subgroup analysis, as it is usually difficult to avoid
heterogeneity in epidemiological studies [56]. In addi-
tion, despite our efforts to avoid publication bias (i.e.,
searching both English and Chinese databases for arti-
cles, including peer-reviewed articles), publication bias
occurred, which needs to be considered when interpret-
ing the study outcomes.

Conclusions

The results from the present study establish that the
prevalence of ischemic stroke-associated headaches is
high in China. Compared with migraine, migraine with
aura (MA), inter ictal headache (IIH) and post ictal head-
ache (PIH), the pooled prevalence of POH and TTH
was higher. The prevalence of ischemic stroke related-
headaches varied significantly according to the differ-
ent diagnosis criteria, age, and study settings. However,
there were no significant differences in the headache
prevalence between studies in the south and north, and
inland and coastal studies. Additionally, women, those
with midbrain lesions, those with posterior circulation
stroke, and patients with a history of migraine were at a
higher risk for ischemic stroke-related headaches. The
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prevalence of stroke is high in China, the country has a
large rural population, and headache is associated with
the functional recovery of the nervous system. Consider-
ing these factors, there is an urgent need for policymak-
ers and healthcare providers at the national and regional
levels to implement early screening programs and
develop effective prevention and intervention measures.
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