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Restless legs syndrome (RLS), a neurological disorder characterized by an almost
irresistible urgent, uncontrolled need to move the limbs that is exacerbated by rest
and temporarily relieved by motor activity, is worse in the evening and overnight
with significant relief in the morning.1–3 RLS affects 5%–10% of adults in the general
population and is also associated with increased mortality.4–6 Previous studies found
that the prevalence of RLS among hemodialysis (HD) patients is significantly higher
than that of the general population.7,8 In recent years, RLS, as a common neurological
and sensorimotor disorder, has received more attention from the potential prognostic
value in HD patients. A series of studies that have been conducted to investigate
the association between RLS and adverse outcomes found that RLS increased allcause mortality and cardiovascular (CV) events in HD patients.9–11 The relevant
mechanisms and factors involved in the relationship between RLS and prognostic
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Background: Previous studies have revealed that restless legs syndrome (RLS) not only is
frequently prevalent in dialysis patients but also increases the risk of death in dialysis patients,
especially in hemodialysis (HD) patients. However, inconsistent results also still exist, having
attracted confusion and discussion. Owing to mixed and inconclusive results, we conducted
to perform the comprehensive meta-analysis to evaluate the potential prognostic value of RLS
in HD patients.
Materials and methods: We conducted a systematic literature search using electronic databases (PubMed, Ovid, Embase and Web of Science) to identify relevant studies reporting on
all-cause mortality and cardiovascular (CV) events in HD patients suffering from RLS. We
searched the literature published up to December 5, 2016, or earlier. We used both fixed- and
random-effects models to calculate the overall effect estimate. An I250% indicates at least
moderate statistical heterogeneity. A sensitivity analysis and subgroup analysis were performed
to find the origin of heterogeneity.
Results: A total of four studies including 1,839 patients found that there was no significant
association between RLS and all-cause mortality (hazard ratio [HR]: 1.649; 95% confidence
interval [CI]: 0.778–3.496) and CV events (HR: 0.863; 95% CI: 0.600–1.127) in HD patients.
Heterogeneity among the studies was observed for all-cause mortality (I2=80.7%, P=0.001).
Conclusion: Our meta-analysis suggests that there was no significant effect of RLS on all-cause
mortality and CV events in HD patients. Therefore, large-scale and well-designed studies are
needed to validate the association between RLS and the risk of death in HD patients.
Keywords: restless legs syndrome, hemodialysis, cardiovascular events, mortality, meta-analysis
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value in HD patients are not well clarified. Then, Stefanidis
et al12 reported a controversial result that RLS does not affect
3-year mortality in HD patients. Therefore, taking the current
research situation into consideration, we performed a systematic review and meta-analysis of prospective observational
studies to evaluate the association between RLS and adverse
outcomes in HD patients.

Materials and methods
This meta-analysis followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
criteria.13

Search strategies and inclusion criteria
PubMed, Ovid, Embase and Web of Science were searched
by two independent researchers (JL and TZ) to identify the
relevant studies that evaluated the association between RLS
and adverse outcomes in HD patients up to December 5,
2016. The following search terms (in title, abstract or keywords fields) were used as follows: “restless legs syndrome”
or “RLS” and “renal failure” or “end-stage renal disease or
ESRD” or “hemodialysis or HD” or “dialysis”. Titles and
abstracts as well as the reference lists of all of the identified
reports were examined independently by two reviewers
(JL and TZ) to include potentially relevant studies that
reported the association between RLS and adverse outcomes
in HD patients.
Studies were considered eligible for this study if they met
the following criteria: 1) if they were of a prospective observational study design; 2) if they clearly defined the adverse
outcomes, including all-cause mortality and CV events; 3) if
they reported the hazard ratio (HR) and the corresponding
95% confidence interval (CI) for RLS and all-cause mortality/
CV events in HD patients; 4) only studies that included
patients with a diagnosis of RLS that is clearly defined and
according to the current guideline-based definitions.

Data extraction
Two reviewers (JL and TZ) independently screened the
abstracts or titles of the studies from the electronic search
to identify all potential eligible studies. Potentially relevant reports were then retrieved as complete manuscripts
and assessed for compliance with the inclusion criteria.
Data extraction was performed from eligible studies by
two blinded reviewers (JL and TZ) using a standard data
extraction form to determine the eligibility for inclusion
and extract data. The extracted data elements of this review
included: 1) publication details: first author’s last name,
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publication year and studied population; 2) study design;
3) characteristics of the studied population: sample size,
age, gender, the proportion of combined diabetes mellitus and
duration of follow-up; 4) end point events; 5) the number of
deaths during the follow-up period, and HR and 95% CI about
RLS and adverse outcomes in HD patients. Disagreements
were resolved by consensus after rechecking the source data
and consultation with the third reviewer (QS).

Quality assessment
To limit the heterogeneity secondary to differences among
study designs, the quality of each study was evaluated according to a critical review checklist of the Dutch Cochrane
Center which was proposed by Meta-analysis Of Observational Studies in Epidemiology (MOOSE). 14 The key
points of this checklist are as follows: 1) clear definition of
study population; 2) clear definition of outcomes and outcome assessment; 3) independent assessment of outcome
parameters; 4) sufficient duration of follow-up; 5) no selective loss during follow-up and 6) important confounders
and prognostic factors identified. If a study did not clearly
mention one of these key points, we considered that it had not
been performed and, consequently, that there was a possibility for the underestimation of the reported characteristics.

Statistical analysis
Pooled effect sizes were presented as the HR with 95% CI.
We conducted fixed-effects meta-analysis using the inverse
variance method for pooling effect sizes, and random-effects
meta-analysis using the inverse variance heterogeneity
method. To evaluate the heterogeneity across studies, we
used I2 derived from the chi-square test. An I250% indicates
at least moderate statistical heterogeneity. When pooled
analysis resulted in significant heterogeneity, the randomeffects model was used. To explore the sources of heterogeneity, we performed sensitivity and subgroup analyses (sample
size or geographic area). The sensitivity analysis was also
performed in a random predefined manner. Publication bias
was evaluated using the funnel plot. Statistical significance
was defined as a two-tailed P-value of 0.05. All statistical
analyses were performed using Stata 11 (Stata Corp LP,
College Station, TX, USA).

Results
Literature search outcome
A flow diagram of the data search and study selection is presented in Figure 1. A total of 946 studies were found using our
search criteria. We identified 53 duplicate studies, which were
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Figure 1 Flow diagram of the selection process.
Abbreviations: CKD, chronic kidney disease; ESRD, end-stage renal disease; HD,
hemodialysis; HR, hazard ratio; RLS, restless legs syndrome.

discarded. The remaining 893 abstracts were screened further,
and we excluded 879 studies, because they were either unrelated, irrelevant, review articles or editorials. Then, full-text
studies were then retrieved for detailed evaluation. Of the 14
articles, seven did not meet the inclusion criteria and three did
not offer HR about RLS and all-cause mortality or CV events
in HD patients, which were both excluded. The remaining
four studies were included in our meta-analysis.9–12

Study characteristics and quality
assessment

on the association between RLS and adverse outcomes in HD
patients are given in Table 1, whereas the quality assessment
of the four studies is presented in Table 2. Among these
studies, two of four were conducted in Europe,9,12 with the
exception of two conducted in Asia.10,11 All eligible studies
were published between 2011 and 2015. Four studies were
all prospective observational studies. The sample size ranged
from 67 to 1,093. Mean patients’ age ranged from 63.6 to
65 years old. The proportion of male in the studies ranged
between 56.7% and 63%, and the mean follow-up periods
varied from 18 to 44.4 months.

RLS and adverse outcomes in HD
patients
All-cause mortality

Four studies evaluated the prognostic importance of RLS
for all-cause mortality in HD patients.9–12 When pooling
data from the studies together, we found that there was no
significant association between RLS and all-cause mortality
in HD patients (HR: 1.649; 95% CI: 0.778–3.496). Heterogeneity among the studies was observed for all-cause mortality
(I2=80.7%, P=0.001; Figure 2).

CV events
Three studies evaluated the prognostic importance of RLS
for CV events in HD patients.9–11 When pooling data from the
studies together, we found that there was no significant effect
of RLS on the development of CV events in HD patients (HR:
0.863; 95% CI: 0.600–1.127) with no heterogeneity among
the studies (I 2=2.8%, P=0.357; Figure 3).

Sensitivity and subgroup analysis

A total of four studies with 1,839 subjects were included in
our meta-analysis study.9–12 The main features of the studies

Of the four studies that reported the association between RLS
and all-cause mortality in HD patients,9–12 the heterogeneity

Table 1 Characteristics of the four studies included in the meta-analysis
Author

Year Study Country and
Patients, n Men,
design study population
n (%)

La Manna et al9 2011 POS

Italy, HD patients

Otsubo et al10

63 (63)

65

29

18

20

Japan, HD patients 67

NM

NM

NM

33.6

15

Stefanidis et al12 2015 POS

Greece,
HD patients

343 (59.2) 65

23.3

36

118

Lin et al11

China, HD patients 1,093

620 (56.7) 63.6

37.5

44.4

132

2014 POS

2015 POS

100

Mean age, DM, % Follow-up, Death, n End point
years
months

579

CV events and all-cause
mortality
All-cause and CV
mortality
3-year all-cause
mortality (initiation of
study); 5-year mortality
(initiation of HD)
CV events and all-cause
mortality

Abbreviations: CV, cardiovascular; DM, diabetes mellitus; HD, hemodialysis; NM, not mentioned; POS, prospective observational study.
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Table 2 Assessment of the quality of the four included studies
Evaluation index

La Manna et al9

Otsubo et al10

Stefanidis et al12

Lin et al11

Clear definition of study population?
Clear definition of outcomes and outcome assessment?
Independent assessment of outcome parameters?
Sufficient duration of follow-up?
No selective loss during follow-up?
Important confounders and prognostic factors identified?

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
NM
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Abbreviation: NM, not mentioned.
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Figure 2 Forest plot demonstrating the association between RLS and all-cause mortality in HD patients.
Note: Weights are from random-effects analysis.
Abbreviations: CI, confidence interval; HD, hemodialysis; HR, hazard ratio; RLS, restless legs syndrome.
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Figure 3 Forest plot demonstrating the association between RLS and cardiovascular events in HD patients.
Abbreviations: CI, confidence interval; HD, hemodialysis; HR, hazard ratio; RLS, restless legs syndrome.

1572

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Neuropsychiatric Disease and Treatment 2017:13

Prognostic value of restless legs syndrome in hemodialysis patients

test showed that there was significant differences among
individual studies (P0.05; I2=80.7%). A sensitivity analysis was performed to find the origin of heterogeneity. After
removing the study by La Manna et al,9 which had a short
follow-up period, the analysis did not find significant influences on heterogeneity across studies or overall results. Then,
we performed a subgroup analysis according to the sample
size (n200 or n200), and we found that there was no
significant heterogeneity between the two small sample size
studies (P=0.517; I 2=0.0%)9,10 and there was a significant
heterogeneity between the remaining two studies (P=0.017;
I2=82.5%).11,12 In addition, we also performed a prespecified
subgroup analysis of studies with geographic area of Asian
and non-Asian. The proportion of total variation across
studies that was due to heterogeneity rather than chance was
I2=0.0% (P=0.874) in the two studies with Asian geographic
area,10,11 and I2=85.1% (P=0.01) in the two studies with
non-Asian geographic area.9,12 Therefore, sample size and
geographic area may be a possible source of heterogeneity.

Publication bias
The result of the funnel plot for adverse outcomes in HD
patients was symmetrical, indicating no publication bias
(Figure 4).

Discussion
In this meta-analysis, four studies involving 1,839 HD
patients were analyzed. The result suggests that RLS does
not increase the risk of all-cause mortality and CV events
in HD patients.
)XQQHOSORWZLWKSVHXGR
FRQILGHQFHOLPLWV
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Figure 4 Funnel plot for the association between RLS and all-cause mortality in
HD patients.
Abbreviations: HD, hemodialysis; HR, hazard ratio; RLS, restless legs syndrome;
SE, standard error.
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In the past years, large epidemiological studies have
indicated a positive association between RLS and all-cause
mortality in the general population.4,15 Similarly, some
clinic-based studies found the relationship between RLS
and all-cause mortality or CV events among subjects with
end-stage renal disease, in either transplanted or dialysis
patients.9–11 It is reported that RLS mostly suffers from
insufficient and disturbed sleep, which in turn affects a
large number of physiological and psychological parameters
that may be associated with increased mortality.16 In addition, comorbidities, such as diabetes, high blood pressure,
iron deficiency, cancer and insomnia, in HD patients with
RLS may increase the risk of mortality and CV events.17,18
Moreover, RLS plays a significant role in the sympathetic
hyperactivity which results in non-dipping nocturnal blood
pressure and atherosclerotic plaque rupture, leading to heart
disorders.19 Some direct evidences are linked to RLS and
CV events, especially for hypertension or cardiac dysfunction in HD patients.20,21 Surprisingly, our results revealed no
evidence of association between RLS and all-cause mortality
in HD patients, as for CV events.
There are several possible explanations for the discrepancies in the results regarding this association. First, this lack of
association may lie in the different criteria used in the selection of patients. For example, Stefanidis et al12 reported that
the age of patients was younger than those without RLS; Lin
et al11 reported that RLS patients had higher diabetes prevalence, whereas La Manna et al9 reported that RLS patients
had lower frequency of rest diuresis of 500 mL/day.
In addition, differences may vary with geographic areas.
Age, diabetes and missing rest diuresis are all indubitably
strong mortality predictors. While of course adjustments for
confounders were performed, whether in our study or in the
past studies, confounding bias might not be abolished, even
with properly planned multivariate analysis. Second, samples
sizes of several of the studies included in our meta-analysis
are in the low range compared with genetic studies for other
diseases. We performed a subgroup analysis according to the
sample size (n200 or n200), and we found that there was
also significant heterogeneity between the two large sample
size studies.9,10 Nonetheless, more comprehensive studies
and larger samples are necessary to conclusively determine
the presence of this association.
The current study does have some limitations that
should be considered. First, the heterogeneity test showed
that there was a significant difference among individual
studies. The potential sources of differences may be sample
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size and geographic area. Second, the complexity of complications related to HD patients is what we should take
into consideration. It is possible that there may be residual
confounding from conditions not included in the analysis.
Third, we did not further analyze in the severity classification
measurements of RLS, which is a common limitation in this
study. The levels of severity on RLS and duration of RLS
symptoms may have an important influence on measured
outcomes. Finally, considering current incomplete data, we
did not further analyze in background therapy, such as the
use of a dopamine agonist, which may have a hazardous
effect on cardiac function.

Conclusion
Our meta-analysis suggests that there may be no significant
effect of RLS on all-cause mortality and CV events in HD
patients. There are several possible explanations for the discrepancies in the results regarding this association, such as
different criteria used in the selection of patients, geographic
areas, age, diabetes, missing rest-diuresis, etc. Given that, it
needs large sample and multicenter studies to further assess
whether RLS can directly predict all-cause mortality and CV
events in HD patients.
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