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Introduction

Stroke is defined as an abrupt neurological outburst caused 
by a sudden interruption of the blood supply to the brain sec-
ondary to blockage (ischemic stroke) or rupture (hemorrhagic 
stroke) of blood vessels.1 It remains the second leading cause 
of death and a major cause of disability worldwide.2 The neu-
rological manifestations of stroke have been reported to be 
diverse, depending on the type of stroke and the affected area 
of the brain.3 Even after discharge from the hospital, patients 
who had a stroke might face several physical or mental health 
issues that can affect their quality of life.4

Restless legs syndrome (RLS) is a sensorimotor disorder 
rather than purely a motor disorder. It is characterized by an 
urge to move the legs and often associated with unpleasant 
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paresthesias.5 The worldwide prevalence of RLS was esti-
mated to be ~3% in the general adult population6 and was 
more pronounced in patients with stroke.7,8 In a meta-analy-
sis of 13 studies on stroke-related RLS from 2009 to 2020, 
Wang et  al. reported that incidence of stroke-related RLS 
ranged from 2.3% to 15.1%.8 However, the reported inci-
dence of stroke-related RLS had been mainly based on cases 
of ischemic stroke,7,9–12 with few studies with a small num-
ber of patients with hemorrhagic stroke.7,13 In a study by 
Chandan et al. on 58 patients with stroke (47 ischemic and 11 
hemorrhagic) in India, the incidence of stroke-related RLS 
was 10.3%.13 In another study in India by Gupta et al. on 346 
patients with stroke (139 hemorrhagic and 207 ischemic), 
including 35 patients who had RLS before stroke, the inci-
dence of RLS after stroke onset was 2.3%.7 However, neither 
of these two studies reported the incidence of poststroke-
related RLS.7,13 In addition, the proportion of stroke-related 
RLS varies regionally,8 and RLS has been reported to be 
both a risk and a consequence of ischemic and hemorrhagic 
strokes.7 Suggesting, identifying the proportion of RLS 
cases, and recognizing the factors related to RLS after the 
onset of acute stroke are required for each country to better 
manage the quality of life of patients after stroke.

Vietnam is a developing country that has an increasing 
prevalence of stroke.2,14 However, to date, there had been no 
study on the rates and related factors of stroke-related RLS 
in Vietnam. Therefore, we conducted this study to investi-
gate the incidence and factors related to RLS after ischemic 
and hemorrhagic strokes in Vietnam.

Methods

Study participants

This cross-sectional prospective study was carried out on a 
total of 1446 patients who had stroke and were diagnosed at 
the Department of Stroke, Military Hospital 103, Hanoi, 
Vietnam, from September 2023 to April 2024. All patients 
were evaluated by brain magnetic resonance imaging (MRI) 
with diffusion-weighted imaging (DWI) at 1.5 T (Siemens, 
Erlangen, Germany) within 7 days after the onset of symp-
toms to confirm acute ischemic or hemorrhagic stroke. 
Patients were excluded for the following reasons: (i) a prior 
medical diagnosis of RLS before stroke; (ii) cognitive 
impairment or disability in acquisition to their mother lan-
guage at the time of examination; (iii) muscle pain, arthritis 
on the feet, lower extremity deep vein thrombosis, or periph-
eral neuropathy; (iv) use of neuroleptic, sedative, anti-sei-
zure, or anti-extrapyramidal syndrome medications for other 
diseases; or (v) a medical history of stroke, other brain dis-
eases, or evidence of previous brain lesions on brain MRI or 
computed tomography screening. Of these, 519 patients 
(35.9%) were included in the present study. A follow-up 
study was conducted at 1 month after the onset of stroke to 
evaluate for the presence of RLS. At that time, 90 patients 

refused to participate in this research, and six patients could 
not be contacted. The final number of patients for data analy-
sis was 423 (140 patients with hemorrhagic stroke and 283 
patients with ischemic stroke; Figure 1).

Information on age, sex, preexisting conditions (heart and 
vascular diseases, metabolic disease, renal failure, and other 
diseases), family history of RLS (parents, siblings, or off-
spring), smoking status, and consumption of caffeine and 
alcohol were collected. Physical examination parameters, 
including weight, height, and body mass index (BMI), were 
collected.

Written informed consent was obtained from the patients 
or legally authorized representative for participants who 
were unable to provide informed consent themselves such as 
impaired mobility or inability to read or write at the time of 
enrollment. All patient details were deidentified. Furthermore, 
this study was conducted in accordance with the guidelines 
developed and approved by the Vietnam Military Medical 
University.

Brain MRI

The location of the ischemic or hemorrhagic brain lesions in 
all patients was detected by an experienced neuroradiologist 
on head MRI screening within 7 days from the initial symp-
toms using DWI, T2-weighted imaging, T1-weighted imag-
ing, fluid-attenuated inversion recovery, and T2* gradient 
echo along with susceptibility weighted imaging.

Clinical assessments

The clinical stroke grade and consciousness of the patients 
upon admission to the hospital were assessed by the National 
Institute of Health Stroke Scale (NIHSS)15 and the Glasgow 
Coma Scale.16 At follow-up 1 month after stroke onset, the 
patients were evaluated for clinical manifestations of RLS 
using the following criteria of the International Restless Legs 
Syndrome Study Group17: (1) an urge to move the legs, 
which is usually but not always accompanied by or felt to be 
caused by uncomfortable and unpleasant sensations in the 
legs; (2) an urge to move the legs and any accompanying 
unpleasant sensations that begin or worsen during periods of 
rest or inactivity, such as lying down or sitting; (3) an urge to 
move the legs and any accompanying unpleasant sensations 
that are partially or totally relieved by movement, such as 
walking or stretching, at least as long as the activity contin-
ues; (4) an urge to move the legs and any accompanying 
unpleasant sensations during rest or inactivity, which only 
occur or are worse in the evening or night than during the 
day; and (5) occurrences of the abovementioned features are 
not solely accounted for as primary symptoms of another 
medical or behavioral condition (e.g., myalgia, venous sta-
sis, leg edema, arthritis, leg cramps, positional discomfort, or 
habitual foot tapping). At this time, neurologic disability was 
also evaluated using the Modified Rankin Scale (mRS).18
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Data analysis.  IBM SPSS version 21.0 (IBM Corp., Armonk, 
NY, USA) was used for data analysis. The patients were 
divided into the RLS and non-RLS groups. The Shapiro–
Wilk test was used to check for the normality of the distribu-
tion of variables, and appropriate methods were applied for 
statistical analysis. To investigate the association between 
stroke severity and degree of disability at 1 month after the 
onset of stroke and RLS, the patients were divided into three 

groups according to the scores on the NIHSS (0–3, 4–15, and 
16–42) or mRS (0–1, 2–3, and 4–5). The variables were 
compared between the RLS and non-RLS groups using an 
independent sample t-test for continuous parameters and a 
chi-square test for categorical parameters. The relationships 
of the presence or absence of RLS-related stroke with the 
type of stroke, stroke severity based on the NIHSS score 
group, and degree of disability based on the mRS score 

Figure 1.  A flowchart illustrating the number of stroke patients.
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group were also analyzed using the chi-square test. Finally, 
to define the factors that were independently associated with 
RLS in patients with stroke, a multivariate logistic regres-
sion analysis was performed for the variables that showed a 
significant association in the univariate model. Statistical 
significance was considered when p < 0.05.

Results

Characteristics of the participants

Table 1 shows the characteristics, including the age, propor-
tion of men, family history of RLS, BMI, smoking status, 
alcohol consumption, caffeine intake, and preexisting condi-
tion, of RLS and non-RLS groups. Compared with the non-
RLS group, the RLS group was older (61.6 versus 60.9 years); 
had higher BMI; and had higher proportions of patients who 
had a family history of RLS, as well as those who smoked 
and consumed alcohol and caffeine. The differences between 
the groups were significant for family history of RLS and 
smoking status (p < 0.05 for both). On the other hand, the 
proportion of men tended to be lower in the RLS group than 
that in the non-RLS group. There were no significant differ-
ences in the rates of preexisting medical conditions, includ-
ing hypertension, diabetes, lipid disorders, and renal failure, 
between the RLS and non-RLS groups (Table 1).

RLS incidence and association with clinical 
features

In this study, the number of patients who had hemorrhagic 
and ischemic strokes was 140 and 283 patients, respec-
tively. Among them, 49 patients (11.6%) had RLS after 
ischemic (n = 37, 13.1%) and hemorrhagic (n = 12, 8.6%) 

strokes. In addition, a total of 171 patients had cortical 
strokes with infarcts or hemorrhages located in the cortical 
areas including frontal regions (26 patients), parietal 
regions (38 patients), occipital regions (33 patients), tem-
poral regions (34 patients), and insular regions (40 
patients), while 252 patients showed subcortical strokes 
with lesion in lentiform nucleus (34 patients), thalamus 
(24 patients), internal capsule (51 patients), caudate 
nucleus (22 patients), corpus callosum (19 patients), brain-
stem (42 patients), and cerebellum (50 patients). In addi-
tion, 15 (9.6%) and 34 (16.3%) patients showed RLS after 
cortical and subcortical strokes, respectively. The non-
RLS and RLS groups had no significant differences in the 
type of stroke, brain location lesions (cortical and subcor-
tical regions), NIHSS severity at the day of hospital admis-
sion, and degree of disability/dependence at 1 month after 
the stroke (p > 0.05; Table 2). However, the mean NIHSS 
score on the day of admission to hospital was significantly 
higher in the RLS group than in the non-RLS group 
(p < 0.05), but there was no significant difference in the 
mean mRS scores at 1 month after the onset of stroke 
between the RLS and non-RLS groups (Figure 2).

Relationship between brain lesions and RLS

Table 3 shows the relationships between the brain area 
lesions and RLS-related stroke. The percentage of patients 
with lesions in the lentiform nucleus, thalamus, caudate 
nucleus, and corpus callosum was significantly higher in the 
RLS group than in the non-RLS group (p < 0.05). There was 
no significant difference between the RLS and non-RLS 
groups in the percentage of lesions in the frontal, parietal, 
occipital, temporal, and insular lobes; internal capsule; mid-
brain; and cerebellum (Table 3).

Table 1.  Characteristics of the participants (N = 423).

Characteristics

non-RLS group (n = 374) RLS group (n = 49)

p valueMean (SD), N (%) Mean (SD), N (%)

Age (years) 60.9 (17.0) 61.6 (16.2)  
Gender (male/total) 237 (63.4) 28 (57.1)  
Family history of RLS (yes) 4 (1.1) 3 (6.1) *
BMI (kg/m2) 20.7 (2.9) 21.1 (3.2)  
Smoking status (yes) 66 (17.6) 18 (36.7) *
Alcohol consumption (yes) 79 (21.1) 12 (24.5)  
Caffeine intake (yes) 5 (1.3) 3 (6.1)  
Preexisting condition
 Hypertension 163 (43.6) 26 (53.1)  
 Diabetes 82 (21.9) 14 (28.6)  
 Lipid disorder 48 (12.8) 8 (16.3)  
 Renal failure 6 (1.6) 3 (6.1)  

N: number of subjects; SD: standard deviation; BMI: body mass index; RLS: restless legs syndrome.
*p < 0.05.
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Table 2.  Relationships between clinical features and RLS after stroke onset.

Clinical features

non-RLS group (n = 374) RLS group (n = 49)

p valueN % N %

Type of stroke Hemorrhage 128 34.2 12 24.5  
Ischemic 246 65.8 37 75.5  

Brain location lesions Cortical area 156 41.7 15 30.6  
Subcortical area 218 58.3 34 69.4  

NIHSS on the day of admission to the hospital 0–3 139 37.1 17 34.7  
4–15 220 58.8 27 55.1  
16–42 15 4.01 5 10.21  

mRS at 1 month after the onset of strokes 0–1 64 17.11 8 16.33  
2–3 152 40.64 20 40.82  
4–5 158 42.25 21 42.85  

N: number of subjects; RLS: restless legs syndrome; mRS: Modified Rankin Scale; NIHSS: National Institute of Health Stroke Scale.

Figure 2.  Comparison of the mean NIHSS and mRS scores between the RLS and non-RLS groups.
mRS: Modified Rankin Scale; NIHSS: National Institute of Health Stroke Scale; RLS: restless legs syndrome.
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Potential risk factors associated with RLS after 
stroke onset

The results of the multivariate logistic regression analysis of 
the factors (i.e., smoking status; family history of RLS; lesion 
in the lentiform nucleus, thalamus, caudate nucleus, and cor-
pus callosum; and mean NIHSS score at admission) that sig-
nificantly affected the development of RLS on univariate 
analyses are presented in Table 4. Smoking status, family his-
tory of RLS, and lesions in the lentiform nucleus and thalamus 
were the independent factors related to RLS. Figure 3 shows 
the lesion in the thalamus (ischemic stroke) and putamen 
(hemorrhagic stroke) in patients with RLS (Figure 3). There 
were no significant differences between the RLS and non-
RLS groups in terms of the mean NIHSS score and lesions in 
the caudate nucleus and corpus callosum (p > 0.05; Table 4)

Discussion

In this study, we found that the incidence of RLS at 1 month 
after the onset of stroke was 11.6% overall and 13.1% and 

8.6% after ischemic and hemorrhagic strokes, respectively. 
The previously reported incidence/prevalence rates of RLS 
after stroke onset varied by region, with a range of 5%–15%, 
and were mainly based on cases of ischemic stroke.8 In 
China, Tuo et al. found poststroke-related RLS in 13 of 244 
(5.33%) consecutive patients with acute lacunar infarction.11 
In another study in China, Wu et al. reported RLS in 49 of 
376 patients (13.03%) with acute cerebral infarction.19 In 
Korean, Lee et al. reported that 17 of 137 patients (12.4%) 
were diagnosed as RLS after ischemic stroke.10 In a study in 
Slovakia, 23 of 152 patients (15.1%) were diagnosed as RLS 
after the onset of acute ischemic stroke.20 Meanwhile, there 
had been only a few studies on RLS related to hemorrhagic 
stroke. In a study in India, Chandan et al. reported that of 58 
patients (10.3%) who had ischemic (n = 47) and hemorrhagic 
(n = 11) strokes, RLS developed in six patients, of which 
only one had hemorrhagic stroke-related RLS.13 In another 
study in India, Gupta et al. collected data from 346 patients, 
including 139 with hemorrhagic stroke and 207 with 
ischemic stroke. The authors reported that 43 patients 
(10.1%), including 31 with ischemic stroke and 12 with 
hemorrhagic stroke, were diagnosed with RLS after stroke 
onset; however, among the 12 patients who had hemorrhagic 
stroke, RLS was diagnosed before the onset of stroke in 11 
patients and after the stroke in only one patient.7 Taken 
together, the results of the present study added data on the 
prevalence of stroke-related RLS, particularly hemorrhagic 
stroke.

Since it was reported that subcortical stroke is more 
strongly associated with RLS than cortical stroke.7,8 Gupta 
et al. reported that there were 29 patients (22.83%) in a total 
of 127 patients with subcortical strokes who reported RLS, 
while only 2.74% (6 of 210) of those with cortical-based 
strokes.7 In this study, we found that the rate of RLS in 
patients after subcortical and cortical strokes was 16.3% 

Table 3.  Relationships between brain area lesion and of RLS after stroke onset.

The lesion location in brain

Non-RLS group (n = 374) RLS group (n = 49)

p valueN % N %

Frontal lobe 24 6.4 2 4.1  
Parietal lobe 35 9.4 3 6.1  
Occipital lobe 30 8.0 3 6.1  
Temporal lobe 31 8.3 3 6.1  
Insular lobe 36 9.6 4 8.2  
Lentiform nucleus 24 6.4 10 20.4 *
Thalamus 17 4.5 7 14.3 *
Internal capsule 49 13.1 2 4.1  
Caudate nucleus 16 4.3 6 12.2 *
Corpus callosum 14 3.7 5 10.2 *
Brainstem 40 10.7 2 4.1  
Cerebellum 48 12.8 2 4.1  

N: number of subjects; RLS: restless legs syndrome.
*p < 0.05.

Table 4.  Multivariate logistic regression analysis of the potential 
risk factors for RLS after stroke onset.

Potential risk factors OR 95% CI (lower–higher) p value

Smoking 2.061 1.014–4.190 *
Family history of RLS 6.695 1.311–34.195 *
NIHSS 1.047 0.991–1.105  
Lentiform nucleus 3.897 1.983–7.658 *
Thalamus 3.243 1.471–7.150 *
Caudate nucleus 1.204 0.617–2.350  
Corpus callosum 2.17 0.942–5.000  

OR: odd ratio; 95% CI: 95% confidence interval; NIHSS: National Institute 
of Health Stroke Scale; RLS: restless legs syndrome.
*p < 0.05.



Tinh et al.	 7

and 9.6%, respectively. However, there was no difference 
between the proportion of RLS between subcortical and cor-
tical strokes in this study. To explain it, we suppose that the 
number of stroke patients in this study is small. Also, stroke-
related RLS has been reported to be associated with the 
topography of stroke,7,8 which may affect the rate of RLS in 
patients after cortical and subcortical strokes. Moreover, in 
the current study, we found that patients who had lesions in 
the lentiform nucleus, thalamus, caudate nucleus, and corpus 

callosum had a relatively high incidence of RLS. However, 
only lesions in the lentiform nucleus and thalamus were 
found to be the independent factors associated with RLS 
after stroke onset. Woo et  al. reported that lesions in the 
corona radiata and adjacent basal ganglia were the most 
common sites of bilateral RLS after stroke.21 Gupta et  al. 
found that 82.8% of cases with stroke-related RLS had 
lesions in the subcortical area, including the basal ganglia, 
corona radiata, and centrum semiovale.7 Lee et al. found that 

Figure 3.  Stroke lesions in the brain area on MRI. (a) Lesion in thalamus showed on MRI–DWI. (b) Lesion in thalamus showed on 
MRI–ADC image. (c) Lesion on putamen showed on MRI–DWI. (d) Lesion on thalamus indicated on MRI–ADC image.
ADC: apparent diffusion coefficient; DWI: diffusion-weighted imaging; MRI: magnetic resonance imaging.
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16 of 17 patients with poststroke-related RLS had lesions in 
the subcortical areas.10 Moreover, disruption of network 
loops rather than a specific nucleus has been proposed to be 
the mechanism of the variable anatomy in stroke-related 
RLS.22 In addition, the thalamus was suggested to play a piv-
otal role in the generation of RLS symptoms. Stroke-induced 
changes in the thalamic nucleus volume and pontocerebellar 
fibers have been reported to be involved in the pathophysiol-
ogy of RLS.23,24 Furthermore, injury to the thalamus was 
reported to interrupt sensory and motor networks and affect 
the control of dopamine secretion.25 In a study on RLS in 
patients with lenticulostriate infarct-related RLS, Ruppert 
et  al. reported that hyperdopaminergism, which was indi-
cated by increased expression of dopamine precursors in 
response to stroke-induced neuronal loss, may contribute to 
RLS pathogenesis.26 Taken together, further studies on the 
changes in the network loop in the subcortical areas in 
patients with stroke-related RLS, particularly the functional 
connectivity in the thalamic and dopaminergic pathways, are 
required.

Genetic factors have been suggested to be involved in the 
pathogenesis of RLS.27 An increased risk of RLS was 
reported in individuals who have siblings or parents with 
RLS.28 In a study on 54 patients with RLS, Ondo and 
Jankovic reported that 92% had a family history of RLS.29 In 
the current study, we also found that the family history of 
RLS was an independent predictor of stroke-related RLS and 
accounted for 6.1% of stroke-related RLS. Similarly, Gupta 
et al. reported that 2 out of 35 patients (5.7%) with stroke-
related RLS had a family history of RLS.7 Moreover, 
Freeman et al. reported that RLS and cerebrovascular events, 
including strokes, may have a common cause, such as shared 
genetic predisposition.30 Therefore, the role of genes in the 
mechanism of RLS after stroke onset needs to be clarified.

In this study, we found that smoking was independently 
associated with RLS after stroke onset. Although there was 
no association between smoking and RLS after stroke in the 
previous studies by Wu et  al.,19 Gupta et  al.,7 and Shiina 
et  al.,31 smoking cigarettes has been reported to be linked 
with RLS in cerebrovascular events.32 Bayard et al. reported 
that smoking was assumed to aggravate RLS conditions.33 In 
addition, RLS might be a result of poor lifestyle, including 
obesity, physical inactivity, and smoking.34 These findings 
indicated that cigarette smoking may be associated with poor 
lifestyle and could increase the rates of RLS after stroke.

Our findings showed that the initial NIHSS scores were 
significantly higher in the RLS group than in the non-RLS 
group, but this difference did not reach significance on 
multivariate logistic regression. Similarly, Wu et  al. 
reported higher initial NIHSS scores in the RLS group 
than in the non-RLS group, but poststroke RLS was not 
associated with NIHSS.19 On the other hand, Han et  al. 
reported that RLS after acute ischemic stroke was associ-
ated with the initial NIHSS score, but it was not related to 

the brain lesion location.35 These differences might be 
explained by the different populations between our study 
and the study by Han et al. Moreover, the differences in the 
brain lesions affected by stroke might have partly contrib-
uted to the different associations with the initial NIHSS 
scores.36 In addition, in a longitudinal study by Medeiros 
et al., patients with acute stroke and RLS had worse clini-
cal outcomes after 3 and 12 months.37 In a prospective 
study, Boulos et  al. demonstrated that patients with RLS 
had worse quality of life within 14 days after stroke or 
transient ischemic attack, and this negative impact per-
sisted on follow-up assessment after 2 and 6 months.4 This 
finding indicated the need for further studies to follow up 
on these patients and continuously investigate the negative 
influence of poststroke-related RLS.

Limitations

Our findings should be interpreted in the context of certain 
limitations. The calculation and justification of the sample size 
are limited in this study. The number of participants in the pre-
sent study is relatively small, particularly when patients were 
categorized into non-RLS and RLS groups. Also, an appropri-
ate control group was not established to compare the fre-
quency and potential risk factors of RLS among patients with 
ischemic and hemorrhagic strokes. In the present study, we 
included all patients with or without RLS after stroke during 
the first month after stroke. However, we did not collect data 
on the onset of the RLS, its evolution, as well as asymmetrical 
or symmetrical symptoms. In addition, previous studies have 
suggested that various factors related to RLS such as genetics, 
iron deficiency, disturbances in the dopaminergic system, and 
patients with undiagnosed RLS symptoms existing prior to 
stroke8,38 were not measured in this study. Therefore, further 
large-scale studies that include this information should be per-
formed in the future.

Conclusions

The incidence of RLS after stroke onset was 11.6% overall 
and 13.1% and 8.6% after ischemic and hemorrhagic strokes, 
respectively. This incidence was relatively high in patients 
with lesions in the lentiform nucleus, thalamus, caudate 
nucleus, and corpus callosum. Lesions in the lentiform 
nucleus and thalamus, smoking habit, and family history of 
RLS were the independent factors associated with RLS after 
stroke onset. Follow-up of these patients to continuously 
investigate the negative influence of poststroke-related RLS 
is necessary in future studies.

Acknowledgments

We would like to thank all patients who participated in the present 
study. We also would like to thank the Enago group (https://www.
enago.com/) for editing the language of the article.

https://www.enago.com/
https://www.enago.com/


Tinh et al.	 9

ORCID iDs

Dinh Viet Hung  https://orcid.org/0009-0002-4278-837X

Nguyen Trong Nghia  https://orcid.org/0000-0002-4276-9892

Pham Ngoc Thao  https://orcid.org/0000-0002-9935-7645

Ethical considerations

This study was conducted according to the ethical standards of the 
Institutional Ethics Committee and per the guidelines developed 
and approved by the Vietnam Military Medical University (no. 
3389/QĐ-HVQY, August 17, 2023). The procedures used in this 
study adhere to the tenets of the Declaration of Helsinki.

Consent to participate

Written informed consent was obtained from the patients or a 
legally authorized representative for patients who were unable to 
provide informed consent themselves such as impaired mobility or 
inability to read or write at the time of enrollment.

Author contributions

Do Xuan Tinh: conceptualization, methodology, data curation, for-
mal analysis, validation, visualization, writing – original draft, writ-
ing – review and editing, investigation. Dinh Viet Hung: software, 
methodology, visualization, formal analysis, writing – original draft, 
writing – review and editing, supervisor. Do Duc Thuan: conceptu-
alization, data curation, methodology, writing – original draft, data 
curation. Pham Ngoc Thao: formal analysis, writing – original draft, 
writing – review and editing. Nguyen Duc Thuan: data curation. 
Nguyen Trong Nghia: data curation. Huynh Ngoc Lang: data cura-
tion. Tran Minh Tuan: formal analysis. Dang Phuc Duc: data cura-
tion. Dang Minh Duc: data curation. Phan The Ha: data curation. 
Nguyen Dang Cuong: data curation. Nguyen Dang Hai: data analy-
sis. All authors have read and approved the final submitted article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Data availability Statement

The datasets in the current study are available from the correspond-
ing author upon reasonable requests.

References

	 1.	 Kuriakose D and Xiao Z. Pathophysiology and treatment of 
stroke: present status and future perspectives. Int J Mol Sci 
2020; 21(20): 7609.

	 2.	 Feigin VL, Brainin M, Norrving B, et  al. World Stroke 
Organization (WSO): global stroke fact sheet 2022. Int J 
Stroke 2022; 17(1): 18–29.

	 3.	 Ojaghihaghighi S, Vahdati SS, Mikaeilpour A, et  al. 
Comparison of neurological clinical manifestation in patients 
with hemorrhagic and ischemic stroke. World J Emerg Med 
2017; 8(1): 34–38.

	 4.	 Boulos MI, Wan A, Black SE, et al. Restless legs syndrome 
after high-risk TIA and minor stroke: association with reduced 
quality of life. Sleep Med 2017; 37: 135–140.

	 5.	 Walters AS. Toward a better definition of the restless legs 
syndrome. The International Restless Legs Syndrome Study 
Group. Mov Disord 1995; 10(5): 634–642.

	 6.	 Broström A, Alimoradi Z, Lind J, et  al. Worldwide estima-
tion of restless legs syndrome: a systematic review and meta-
analysis of prevalence in the general adult population. J Sleep 
Res 2023; 32(3): e13783.

	 7.	 Gupta A, Shukla G, Mohammed A, et al. Restless legs syn-
drome, a predictor of subcortical stroke: a prospective study in 
346 stroke patients. Sleep Med 2017; 29: 61–67.

	 8.	 Wang XX, Feng Y, Tan EK, et al. Stroke-related restless legs 
syndrome: epidemiology, clinical characteristics, and patho-
physiology. Sleep Med 2022; 90: 238–248.

	 9.	 Schlesinger I, Erikh I, Nassar M, et al. Restless legs syndrome 
in stroke patients. Sleep Med 2015; 16(8): 1006–1010.

	10.	 Lee SJ, Kim JS, Song IU, et al. Poststroke restless legs syn-
drome and lesion location: anatomical considerations. Mov 
Disord 2009; 24(1): 77–84.

	11.	 Tuo H, Tian Z, Ma X, et  al. Clinical and radiological char-
acteristics of restless legs syndrome following acute lacunar 
infarction. Sleep Med 2019; 53: 81–87.

	12.	 Buratti L, Petrelli C, Viticchi G, et al. Restless legs syndrome 
and periodic limb movements after lacunar stroke. Sleep Med 
2017; 34: 251–252.

	13.	 Chandan S, Shukla G, Gupta A, et al. Acute-onset restless legs 
syndrome in acute neurological conditions – a prospective 
study on patients with the Guillain–Barre syndrome and acute 
stroke. Acta Neurol Scand 2018; 137(5): 488–499.

	14.	 Kalkonde YV, Alladi S, Kaul S, et al. Stroke prevention strate-
gies in the developing world. Stroke 2018; 49(12): 3092–3097.

	15.	 Brott T, Adams HP Jr, Olinger CP, et  al. Measurements of 
acute cerebral infarction: a clinical examination scale. Stroke 
1989; 20(7): 864–870.

	16.	 Teasdale G and Jennett B. Assessment of coma and impaired 
consciousness. A practical scale. Lancet 1974; 2(7872): 81–84.

	17.	 Allen RP, Picchietti DL, Garcia-Borreguero D, et al. Restless 
legs syndrome/Willis–Ekbom disease diagnostic criteria: 
updated International Restless Legs Syndrome Study Group 
(IRLSSG) consensus criteria – history, rationale, description, 
and significance. Sleep Med 2014; 15(8): 860–873.

	18.	 Rankin J. Cerebral vascular accidents in patients over the age 
of 60. II. Prognosis. Scott Med J 1957; 2(5): 200–215.

	19.	 Wu X, Xu J and Lu B. Acute post-stroke restless legs syn-
drome: the body of caudate nucleus considerations. Sleep Med 
2020; 70: 66–70.

	20.	 Šiarnik P, Klobučníková K, Šurda P, et al. Excessive daytime 
sleepiness in acute ischemic stroke: association with restless 
legs syndrome, diabetes mellitus, obesity, and sleep-disor-
dered breathing. J Clin Sleep Med 2018; 14(1): 95–100.

	21.	 Woo HG, Lee D, Hwang KJ, et  al. Post-stroke restless leg 
syndrome and periodic limb movements in sleep. Acta Neurol 
Scand 2017; 135(2): 204–210.

	22.	 Unrath A and Kassubek J. Symptomatic restless leg syndrome 
after lacunar stroke: a lesion study. Mov Disord 2006; 21(11): 
2027–2028.

	23.	 Park KM, Kim KT, Lee DA, et al. Alterations of the thalamic 
nuclei volumes and intrinsic thalamic network in patients with 
restless legs syndrome. Sci Rep 2023; 13(1): 4415.

https://orcid.org/0009-0002-4278-837X
https://orcid.org/0000-0002-4276-9892
https://orcid.org/0000-0002-9935-7645


10	 SAGE Open Medicine

	24.	 Ku J, Cho YW, Lee YS, et al. Functional connectivity alterna-
tion of the thalamus in restless legs syndrome patients during 
the asymptomatic period: a resting-state connectivity study 
using functional magnetic resonance imaging. Sleep Med 
2014; 15(3): 289–294.

	25.	 Kalampokini S, Poyiadjis S, Vavougios GD, et  al. Restless 
legs syndrome due to brainstem stroke: a systematic review. 
Acta Neurol Scand 2022; 146(5): 440–447.

	26.	 Ruppert E, Bataillard M, Namer IJ, et al. Hyperdopaminergism 
in lenticulostriate stroke-related restless legs syndrome: an 
imaging study. Sleep Med 2017; 30: 136–138.

	27.	 Trenkwalder C, Högl B and Winkelmann J. Recent advances 
in the diagnosis, genetics and treatment of restless legs syn-
drome. J Neurol 2009; 256(4): 539–553.

	28.	 Xiong L, Montplaisir J, Desautels A, et al. Family study of 
restless legs syndrome in Quebec, Canada: clinical charac-
terization of 671 familial cases. Arch Neurol 2010; 67(5): 
617–622.

	29.	 Ondo W and Jankovic J. Restless legs syndrome: clinicoetio-
logic correlates. Neurology 1996; 47(6): 1435–1441.

	30.	 Freeman AA and Rye DB. The molecular basis of rest-
less legs syndrome. Curr Opin Neurobiol 2013; 23(5):  
895–900.

	31.	 Shiina T, Suzuki K, Okamura M, et al. Restless legs syndrome 
and its variants in acute ischemic stroke. Acta Neurol Scand 
2019; 139(3): 260–268.

	32.	 Schlesinger I, Erikh I, Avizohar O, et al. Cardiovascular risk 
factors in restless legs syndrome. Mov Disord 2009; 24(11): 
1587–1592.

	33.	 Bayard M, Avonda T and Wadzinski J. Restless legs syn-
drome. Am Fam Physician 2008; 78(2): 235–240.

	34.	 Batool-Anwar S, Li Y, De Vito K, et al. Lifestyle factors and 
risk of restless legs syndrome: prospective cohort study. J Clin 
Sleep Med 2016; 12(2): 187–194.

	35.	 Han SH, Park KY, Kim JM, et al. Restless legs syndrome is 
associated with arterial stiffness and clinical outcome in stroke 
patients. Sleep Med 2019; 60: 219–223.

	36.	 Rajashekar D, Wilms M, MacDonald ME, et  al. Lesion-
symptom mapping with NIHSS sub-scores in ischemic stroke 
patients. Stroke Vasc Neurol 2022; 7(2): 124–131.

	37.	 Medeiros CA, de Bruin PF, Paiva TR, et al. Clinical outcome 
after acute ischaemic stroke: the influence of restless legs syn-
drome. Eur J Neurol 2011; 18(1): 144–149.

	38.	 Gossard TR, Trotti LM, Videnovic A, et  al. Restless 
legs syndrome: contemporary diagnosis and treatment. 
Neurotherapeutics 2021; 18(1): 140–155.


