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Abstract

Restless leg syndrome (RLS) is characterized by unpleasant nocturnal sensations in the lower limbs, and it has emerged as
the fourth leading cause of insomnia and is often an underdiagnosed medical condition among sleep disorders. The symptoms
of RLS are more common in chronic kidney disease patients than in the general population. Therefore, we performed the
first meta-analysis to estimate the risk of RLS among chronic kidney disease patients. We conducted a comprehensive search
in Embase, Ovid-MEDLINE, PubMed, Scopus, Web of Science, and CINAHL databases. Data were analyzed with the
random-effects model using Comprehensive Meta-Analysis (CMA) software to find the odds ratio (OR). The heterogeneity
was checked with the F test and Cochran’s Q-statistic, and we performed the moderator analysis to find potential sources of
heterogeneity. The study quality was assessed using the Newcastle-Ottawa Scale. Of 1175 studies, we found nine studies,
with a total of 18,983 participants. The pooled OR of RLS among chronic kidney disease was 5.64 (95%CI 2.70-11.78).
Regarding moderator analysis results, it was observed that higher body mass index and abnormal laboratory results would
increase the risk of RLS; however, the statistical test was not significant in the current study. The findings reveal a substantial
sixfold increase in the likelihood of RLS when compared to the general population. Therefore, health professionals should
encourage patients to adhere to the treatment and practice a healthy lifestyle to manage their condition and reduce the risk
of RLS. Moreover, future research can develop an intervention to reduce RLS symptoms.
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Introduction

Chronic kidney disease (CKD) is defined as kidney damage
or glomerular filtration rate (GFR) < 60 mL/min/1.73 m? for
a period of three months or more [1]. Studies worldwide
have increasingly reported the prevalence of CKD, with
diabetes and hypertension as its primary causes [1, 2].
Recent data indicates that CKD affects 9.1% to 13.4% of
the worldwide population [3]. Patients with CKD often
suffer from various sleep disorders [4, 5]. According to
Ogna et al., [6], up to 80% of CKD patients have poor sleep
quality, sleep-disordered breathing (SDB), and restless legs
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syndrome (RLS). In the context of hemodialysis patients,
RLS has been identified to be highly prevalent [6], with a
meta-analysis, revealing a prevalence rate of 24.2% [7]. In
the general population, RLS symptoms are more commonly
reported in individuals over the age of 45 years, with 38%
of sufferers reporting the onset of symptoms before the age
of 20 years [5]. Moreover, in hemodialysis patients, the
prevalence of RLS is 20-30%, compared to 3—7% in the
general population [5]. This risk increases with the presence
of additional comorbidities [8], making symptoms of RLS
more common in patients with CKD than in the general
population [8].

Restless leg syndrome, also known as Willis—Ekbom
syndrome, is a sensory—motor disorder manifested by
unpleasant nocturnal sensations in the lower limbs that are
relieved by movement [5]. Movements, such as walking,
stretching, or bending the legs, relieve the discomfort at least
temporarily and partially [9]. Restless leg syndrome causes a
disturbance in sleep through an inexplicable desire to move
one’s legs [4], a phenomenon that can manifest at any stage
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of chronic kidney disease [6]. Despite symptoms of RLS
being more common at night, they can occur at any time
during periods of rest or inactivity. Patients frequently report
unpleasant achy, creeping, crawling, or itchy sensations in
the lower legs [8]. Additionally, RLS is frequently associated
with involuntary, rhythmic, and brief contractions of the
legs during sleep, known as periodic limb movements
[10]. Symptoms may occur at least twice a week, with their
severity and frequency of symptoms varying widely [10].
Increasing RLS severity is associated with worse sleep
quality, lower quality of life (QoL), daytime sleepiness,
depressive symptoms, anxiety, cardiovascular risk, and
mortality [8, 11]. Patients with severe RLS symptoms report
deficits in physical functioning, bodily pain, general health,
vitality, social functioning, role-physical, and role-emotion
[9]. Moreover, RLS has become the fourth leading cause of
insomnia and is often an underdiagnosed medical condition
among various sleep disorders [12].

Brain iron dysregulation plays a significant role in RLS,
potentially during its transport across the blood—brain
barrier. Given iron is an essential cofactor in dopamine
production, low iron levels could explain the changes in
dopamine metabolism observed in RLS [5]. Low brain
iron gives pathophysiological consequences in hypoxia
and demyelination as iron is crucial for oxygen transport.
Consequently, a decreased level of iron in the brain can lead
to hypoxia. A direct consequence of the activation of hypoxic
pathways would be an increase in dopaminergic activity,
which is indubitable in RLS patients [12]. Furthermore, the
synthesis of myelin sheaths is also dependent on iron; thus,
a deficiency in brain iron would lead to suboptimal myelin
[12].

Previous studies have reported various factors associated
with RLS in chronic kidney disease, including age [7],
female [13], alcohol intake [13], increased levels of serum
phosphate, decreased serum calcium and hemoglobin levels,
disease complications (such as hypertension and diabetes)
[7], iron deficiency [5], and body mass index (BMI) [14].
A meta-analysis by Mao et al. [15] revealed the association
between RLS with diabetes and hemoglobin. However,
some factors are inconsistent with the findings of Rohani
et al. [11], who reported no significant association between
RLS and gender, marital status, education, drug usage,
drug abuse, alcohol intake, smoking, and BMI. The study
by Lin et al. [13] also reported that age, BMI, weeks on
hemodialysis, frequency of hemodialysis, dialysis solution
temperature, diabetes mellitus type 2, family history of
RLS, smoking, tea intake, coffee intake, and other routine
laboratory blood test showed no relationship with RLS. To
our knowledge, there has been no previous meta-analysis
which explores RLS in chronic kidney disease patients
in comparison to other populations [15]. Therefore, we
performed the first comprehensive meta-analysis to (1)
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explore the association between chronic kidney disease and
RLS, (2) analyze the risk of RLS in chronic kidney disease
compared to the general populations, and (3) examine the
associated risk factors of RLS in chronic kidney disease
patients to address the current research gap.

Methods
Reporting standards and literature searching

We utilized the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines in
reporting study [16], and this study has been registered
with the International Prospective Register of Systematic
Reviews (PROSPERO: CRD42022340985). In July 2022,
we performed a comprehensive literature search without
time and language restrictions on the Embase, Ovid-
MEDLINE, PubMed, Scopus, Web of Science, and CINAHL
databases. Moreover, we conducted a manual search using
Google Scholar, and we also assessed previously published
systematic reviews and meta-analyses to retrieve potential
studies. The combinations of keywords used were as
follows: “Chronic Renal Insufficiency OR Chronic Kidney
Disease OR kidney disease”, Restless Leg Syndrome OR
Willis—Ekbom Syndrome OR ‘Wittmaack-Ekbom syndrome
(Appendix 1).

Eligibility criteria and data extraction

Published studies were included if they met any of the
following criteria: (1) The study reported data derived from
observational studies with cohort, cross-sectional, and
case—control designs; (2) The study presented outcomes
related to RLS; (3) RLS was diagnosed using an instrument,
for instance, the international restless legs syndrome study
group rating scale (IRLSSG), or other RLS questionnaires;
(4) The study reported original data on odds ratio (OR), or
detailed information on cases and control events; (5) The
study included a control group (non-renal disease patients).

Studies were excluded if they met any of the following
criteria: (1) Pertained to irrelevant topics; (2) Included
irrelevant populations; (3) Used irrelevant study designs;
(4) were meta-analyses or reviews; (5) Represented a study
protocol; (6) Were non-research articles; (7) Contained
insufficient data (which remained insufficient even after
attempts to contact the study authors), and (8) included
participants identical to those in another study.

Two authors independently selected and extracted the
included studies, gathering information on authors, country
of origin, study design, target population, diagnosis methods,
sample size, RLS events, population characteristics, risk
factors, and risk of bias (Table 1).
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Table 1 Characteristics included studies of the association between chronic kidney disease and restless leg syndrome (RLS)

No Author (Year), Study design  Population, Sample size, RLS Study Risk factors (Data ~ Risk of bias
Country Diagnosis event, Instrument characteristics (n,  in kidney disease
for diagnosing RLS  %; M, SD) cases) (n, %; M,
SD)
1 Aritake-Okada et al. Case-control Adult, CKD Sample size Age: 59.1 (16.8) Creatinine (mg/dl): 8-L
(2011), Japan [23] Case: 514 Duration of disease 3.9 (3.8)
Control: 535 (years): NI BUN (mg/dl): 38.6
RLS event: Gender (case) (21.5)
Case: 18 Male: 353 (68.7%)
Control: 8 Female: 161
Instrument: (31.3%)
IRLSSG Gender (control)
Male: 353 (65.9%)
Female: 182
(34.1%)
2 Bambini et al. Case-control Adult, ERSD Sample size Age: 47 (10.8) Hypertension: 14 8-L
(2019), Brazil [24] Case: 25 Duration of disease ~ (100%)
Control: 75 (years): NI Smoking: 2 (14.3%)
RLS event: Gender (case) BMI: 25.7 (4.8)
Case: 14 Male: 7 (28%) Creatinine (mg/dl):
Control: 11 Female: 18 (72%) 8.4(2.3)
Instrument: Gender (control) Albumin (g/dl): 4
IRLSSG Male: 30 (40%) (0.6)
Female: 45 (60%) Hemoglobin (g/dl):
11.2 (2.3)
Vitamin D: 22.8
(7.8)
Calcium (mg/dl):
9.8 (0.8)
Ferritin (ng/ml):
359 (107.6)
Iron (ng/ml): 57
(15)
3 Bhowmik et al. Case-control Adult, CKD Sample size Age: 42.4 (14.9) BMI: 21.5 (1.9) 8-L
(2004), India [25] Case: 65 Duration of disease  Creatinine (mg/dl):
Control: 99 (years): NI 6.6 (2.2)
RLS event: Gender (case) BUN (mg/dl):
Case: 1 Male: 50 (76.9%) 134.8 (51.6)
Control: 0 Female: 15 (23.1%) Albumin (g/dl): 3.6
Instrument: Gender (control) 0.7)
IRLSSG Male: 32 (32.3%) Hemoglobin (g/dl):
Female: 67 (67.7%)  8.5(2.2)
Calcium (mg/dl):
8.7 (1.1)
Ferritin (ng/ml):
157.6 (109.9)
GFR (mL/min):
10.4 (2.9)
4 Bliwise et al. Case-control Adult, ESDR Sample size Age: 61.4 (14.9) Diabetes: 852 8-L
(2014), USA [26] Case: 3,234 Duration of disease (54.2%)
Control: 12,931 (years): NI Hemoglobin (g/dl):
RLS event: Gender (case) 10.1 (1.6)
Case: 3,234 Male: 1,572
Control: 3,231 (48.6%)
Instrument: Female: 1,662
IRLSSG (51.4%)
Gender (control)
Male: 6,284
(48.6%)
Female: 6,647
(51.4%)
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Table 1 (continued)

No Author (Year), Study design ~ Population, Sample size, RLS Study Risk factors (Data  Risk of bias
Country Diagnosis event, Instrument characteristics (n,  in kidney disease
for diagnosing RLS  %; M, SD) cases) (n, %; M,
SD)
5  Darwish et al. Case-control Children, CKD Sample size Age: 9.9 (2.9) BMI: 17.8 (3.2) 8-L
(2016), Egypt [27] Case: 54 Duration of disease  Creatinine (mg/dl):
Control: 41 (years): 2.2 (2.2) 3.5(0.7)
RLS event: Gender (case) Hemoglobin (g/dl):
Case: 11 Male: 31 (57.4%) 10.9 (1.2)
Control: 1 Female: 23 (42.6%) Calcium (mg/dl):
Instrument: Gender (control) 9.9 (0.7)
The RLS Male: 23 (42.6%) GFR (mL/min):
questionnaire, Female: 18 (57.4%) 46.4 (10.1)
derived from the
standard criteria
for diagnosis of
RLS in children
6  Merlino. G et al. Case-control Adult, CKD Sample size Age: 69.8 (11.7) Creatinine (mg/dl): 8-L
(2010), Italy [28] Case: 138 Duration of disease 2.3(1.4)
Control: 151 (years): 6.2 (6.6) BUN (mg/dl): 51.5
RLS event: Gender (case) (32.3)
Case: 15 Male: 85 (61.6%) Albumin (g/dl): 4.1
Control: 5 Female: 53 (38.4%)  (0.6)
Instrument: Gender (control) Hemoglobin (g/dl):
IRLSSG Male: 64 (42.4%) 12.7 (1.6)
Female: 87 (57.6%) Calcium (mg/dl):
2.2(04)
Ferritin (ng/ml):
50.8 (29.8)
ITron (ng/ml): 66.1
(18.6)
7 Riaretal. (2013), Cross-sectional Children, CKD Sample size Age: 13.4 (3.1) BMI: 22.2 (6.2) 8-L
USA [29] Case: 124 Duration of disease GFR (mL/min):
Control: 85 (years): 8.2 (4.5) 61.5 (30.8)
RLS event: Gender (case)
Cases: 19 Male: 80 (64.5%)
Control: 5 Female: 44 (35.5%)
Instrument: Gender (control)
IRLSSG Male: 32 (37.7%)
Female: 53 (62.3%)
9  Stefanidis et al. Cross-sectional Adult, CKD Sample size Age: 65 (13) Diabetes: 30 9-L

(2013), Greece
[30]

Case: 579

Control: NI

RLS event:

Case: 154

Control: NI

(OR: 5.40; 95%CI:
4.60—6.30)

Instrument:
IRLSSG

Duration of disease
(years): 3.6 (3.7)

Gender (case)

Male: 343 (59.4%)

Female: 236 (40.
6%)

Gender (control)

Male: NI

Female: NI

(22.2%)

BMI: 25.4 (4.2)

Albumin (g/dl): 4.1
0.3)

Hemoglobin (g/dl):
11.2 (1.3)

Calcium (mg/dl):
8.8 (0.8)

Ferritin (ng/ml):
254 (286)

Iron (ng/ml): 45.2
(25.5)
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Table 1 (continued)

No Author (Year), Study design ~ Population, Sample size, RLS Study Risk factors (Data  Risk of bias
Country Diagnosis event, Instrument characteristics (n, in kidney disease
for diagnosing RLS  %; M, SD) cases) (n, %; M,

SD)

9  Winkelman et al. Cross-sectional Adult, ESDR

Sample size

Age: 56.8 (15.8) BUN (mg/dl): 66 6-M

(1996), USA [31] Case: 204 Duration of disease (O
Control: 129 (years): NI Hemoglobin (g/dl):
RLS event: Gender (case) 9.8 (1.4)
Case: NI Male: 96 (47.1%) Calcium (mg/dl):
Control: NI Female: 108 9(1.3)
(OR: 1.59; 95%CI: (52.9%) Iron (ng/ml): 54.9
1.22—2.06) Gender (control) (29.3)
Instrument: Male: 77 (59.7%)
IRLSSG Female: 52 (40.3%)

NI no information, M Mean, SD standard deviation, BMI body mass index, BUN blood urea nitrogen, GFR glomerular filtration rate, OR odds
ratio, JRLSSG the international restless legs syndrome study group rating scale, RLS restless legs syndrome, Risk of bias (L: low, M: moderate)

Risk of bias and statistical analysis

The quality of the included studies was evaluated
independently by two raters using the Newcastle-Ottawa
Scale (NOS) [17]. This is a risk-of-bias assessment tool for
observational studies that is recommended by the Cochrane
Collaboration [18]. The NOS consists of nine or eight
questions: (1) selection of study groups (four items); (2)
comparability of groups (two items); and (3) ascertainment
of exposure and outcomes (three items) for case—control
and cohort studies, whereas cross-sectional study has two
items [17, 18]. The overall score indicates the overall risk
of bias in the study: scores of >7-9, 4-6, and <4 indicate
low, moderate, and high risk of bias, respectively [17, 18].
We determined the interrater agreement between the two
assessors using Cohen’s kappa coefficient (k) test and the
results were interpreted as follows: a x of <0, 0.01 to 0.20,
0.21 to 0.40, 0.41 to 0.60, 0.61 to 0.80, and 0.81 to 1.00
indicated no, none to slight, fair, moderate, substantial, and
almost perfect agreement, respectively [19]. A third expert
reviewer was consulted to resolve through discussion any
interrater differences and disagreements.

Statistical synthesis and publication bias

The data were analyzed using a random-effects model in the
presence of heterogeneity with the Comprehensive Meta-
Analysis CMA tool (version 3.0) [20]. Heterogeneity was
measured using the P2 and Cochran’s O tests; here, an P
of >30%, a small Q value, and p-value of <0.1 indicated
significant heterogeneity [21]. The main outcomes are
presented as odds ratio (OR) with a 95% confidence interval
(95% CI). For OR effect measures, a value of 1 represents
no difference between the groups, OR > 1 indicates the
occurrence of an event, and OR < 1 indicates decreased
occurrence of an event [21]. In the presence of heterogeneity,

subgroup and meta-regression were used to determine the
moderator variables, including gender, age, duration of
disease, population, body mass index (BMI), smoking status,
laboratory test results [ferritin, iron, creatinine, blood urea
nitrogen (BUN), albumin, hemoglobin, calcium, ferritin,
glomerular filtration rate (GFR), vitamin D], and medical
comorbidities (hypertension, diabetes). A p-value of <0.05
demonstrated that a moderator variable was significant
among groups.

Furthermore, sensitivity analysis was performed based
on the sample size and risk of bias. The sensitivity analysis
results were compared with those of the initial odds ratio
analysis and assessed for consistency to ensure robust study
findings [21]. To detect the presence of publication bias,
we employed a funnel plot for visual assessment and used
Egger’s regression intercept and Begg and Mazumdar rank
correlation [20]. An asymmetric funnel plot shape, that is,
one with no points on one side of the plot, would suggest
the presence of publication bias [22]. A p-value of > 0.1 was
considered to indicate the absence of publication bias; if
publication bias was detected, the trim-and-fill method was
used to correct it [22].

Results
Overview of the included studies

We began our study by initially identifying a total of 1175
studies from various databases, of which 396 duplicate
studies were excluded. Next, the remaining 779 studies were
screened based on their titles and abstracts, and 68 studies
were identified to meet the eligibility criteria for further full-
text checks. Of the 68 eligible studies, 61 were excluded
because they did not measure the outcomes of interest.
This left us with the remaining seven studies [23-29] that
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were deemed suitable for inclusion in our meta-analysis.
Additionally, we conducted a manual search on Google
Scholar, identifying two [30, 31] more eligible studies. In the
end, our comprehensive meta-analysis encompassed a total
of nine studies with 18,983 participants and was published
between 1996 and 2019 (Fig. 1, Appendix 2).

The majority of participants were males (50.1%). The
mean age of the participants was 47.2 (11.5) years old,
with the age range spanned from 9.9 to 69.8 years old. On
average, participants had been living with the disease for
approximately 5.1 years, and the majority of individuals
were diagnosed with RLS using the International Restless
Legs Syndrome Group (IRLSSG) questionnaire. In terms
of the population breakdown, 77.8% of the patients were
adults, while 22.2% were children. Moreover, identified risk
factors included BMI (22.5 +4.1), creatinine (4.9+2.1),
hemoglobin (10.7 +1.7), albumin (3.9 +0.6), calcium
(8.140.9), ferritin (205.4 4+ 133.3), iron (55.8+22.1), and
GFR (39.4+ 14.6) (Table 1). In general, eight out of the
nine studies had a low risk of bias, while one study had
a moderate risk of bias (Appendix 3). The Cohen’s k test
showed substantial agreement between the two raters
(k=0.63, p-value =0.005).

Meta-analysis results

The analysis revealed a pooled odds ratio of RLS among
chronic kidney disease patients of 5.64 (95%CI 2.70-11.78),
which means that chronic kidney disease patients are more
likely to have the risk of RLS 5.64 compared to the general

Identification of studies via databases and registers

population. We also observed statistical heterogeneity,
with 0 =101.70, I?=92.13, and p-value < 0.001 (Fig. 2).
Regarding population, the pooled odds ratio of RLS among
children with chronic kidney disease was 3.70 (95% CI
1.47-9.30). In contrast, among adult patients, the odds
ratio was 6.07 (95% CI 2.61-14.15) (Fig. 3). The results
of Begg and Mazumdar rank correlation and Egger’s
regression intercept showed no significant publication bias
(p-value=0.46, and 0.71, respectively) (Appendix 4).

Moderator analysis and sensitivity analysis

Subgroup and meta-regression analyses were conducted
to identify the potential sources of heterogeneity. Both
subgroup and meta-regression analyses revealed that there
were no significant differences in the odds ratio of RLS
regarding age, gender, population, duration of disease, BMI,
laboratory tests (ferritin, iron, creatinine, BUN, albumin,
hemoglobin, calcium, ferritin, and GFR) (Table 2). However,
according to the Cochrane Handbook, for performed
moderator analysis, at least ten studies should be available
for each characteristic or variable being analyzed [21]. Thus,
the moderator analysis results in this study are less robust
and require further research.

Sensitivity analysis was conducted based on the risk of
bias and study sample size. First, we independently analyzed
the studies with a moderate risk of bias and excluded one
such study. This resulted in a slight change in the odds ratio
from 5.64 (95% CI12.70-11.78) to 7.45 (95% C1 3.20-17.33).
Second, we performed sensitivity analysis by excluding one

Identification of studies via other methods

Records identified through:
databases search (n=1,175)
CINAHL: 44

Duplicate record removed

Records removed before screening (n=396)

Records identified through:
Website: 2

Embase: 342
Medline-OVID: 99
PubMed: 467
Scopus: 173

Web of science: 50

=
5S)
s
S
b=l
[}
=

Citation searching: 0

3 Records excluded (n=711), with reasons:
Records screened by title/abstract (n=779) 1. Trrelevant topic (n=578)

2. Irrelevant population (n=127)
3. Review/meta-analysis (n=1)
4. Non-research article (n=3)

5. Study protocol (n=1)

6. Irrelevant study design (n=1)

Screening

Records excluded (n=61), with reasons:
1. Duplicate publication (n=0)

Records assessed for eligibility (n=68) A
3. Insufficient data (n=0)

2. Outcome interested not being measured (n=61)

Records assessed for eligibility (n=2) | ——| Records excluded (n=0), with reasons:

1. Duplicate publication (n=0)

2. Outcome interested not being measured (n=0)
3. Insufficient data (n=0)

in met: lysis (n=9) ‘

Records included

Included

Fig. 1 PRISMA flow chart
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Model Study name

Aritake-Okada et al. (2011)
Bambini et al. (2019)
Bhowmik et al. (2004)
Bliwise et al. (2014)
Darwish et al. (2016)
Merlino.G et al. (2009)
Riar et al. (2013)
Stefanidis et al. (2013)
Winkelman et al. (1996)
Fixed

Random

Total studies: k=9, n= 18,983

Odds
ratio

2,39
7,40
4,63
19419,01
10,23
3,56
2,90
5,40
1,59
3,97
5,64

Statistics for each study

Lower
limit

1,03
2,68
0,19

1214,03
1,26
1,26
1,04
4,61
1,22
3,48
2,70

Upper

limit Z-Value p-Value

5,55
20,46
115,35
310616,88
82,89
10,08
8,09
6,32
2,07
4,51
11,78

2,03
3,86
0,93
6,98
2,18
2,39
2,03
21,02
3,47
20,87
4,61

Heterogeneity: Q= 101.70, p-value= 0.00, 12 = 92.13, Tau? = 0.85
Overall effect (random effect, 95% CI): 5.64 (2.70 to 11.78), p-value= < 0.001

0,04
0,00
0,35
0,00
0,03
0,02
0,04
0,00
0,00
0,00
0,00

0.01

Control Favours

Odds ratio and 95% Cl

01

—m
_

[ |
[

-

Fig. 2 Forest plot of pooled odds ratio of restless leg syndrome (RLS) among chronic kidney disease patients

Fig. 3 Forest plot of restless
leg syndrome (RLS) based on
population

Model Study name

Statistics for each study

Odds Lower Upper
limit Z-Value p-Value

ratio

Darwish et al. (2016) 10,23

Riar et al. (2013)

Fixed
Random

Total studies: k=2, n=304

2,90
3,70
3,86

limit
1,26
1,04
1,47
1,37

82,89 2,18
8,09 2,03
9,30 2,78

10,93 2,55

Heterogeneity: Q= 1.13, p-value= 0.29, I? = 11.30, Tau? = 0.09
Overall effect (fixed effect, 95% CI): 3.70 (1.47 to 9.30), p-value= 0.01

0,03
0,04
0,01
0,01

0,0

¢
.

10

Case Favours

o

100

a. Association between chronic kidney disease and RLS in children

Qdds ratio and 95% Cl
——
1 01 1 10 100

Control Favours

Case Favours

b. Association between chronic kidney disease and RLS in adult

Model Study name Statistics for each study 0Odds ratio and 95% CI
Odds Lower  Upper
ratio limit limit Z-Value p-Value
Aritake-Okada et al. (2011) 239 1,03 555 203 0,04 ——
Bambini et al. (2019) 7,40 2,68 20,46 3,86 0,00
Bhowmik et al. (2004) 4,63 0,19 115,35 0,93 0,35 B
Bliwise et al. (2014) 19419,01 1214,03 310616,88 6,98 0,00
Merlino.G et al. (2009) 3,56 1,26 10,08 2,39 0,02
Stefanidis et al. (2013) 5,40 4,61 6,32 21,02 0,00 ]
Winkelman et al. (1996) 1,59 1,22 2,07 3,47 0,00 B
Fixed 3,97 3,48 453 2068 0,00 ¢
Random 6,07 2,61 14,15 4,18 0,00
0,01 0,1 1 10 100
Total studies: k=7, n= 18,679 Control Favours Case Favours

Heterogeneity: Q= 100.55, p-value= 0.00, I2 = 94.03, Tau? = 0.91
Overall effect (random effect, 95% CI): 6.07 (2.61 to 14.15), p-value= < 0.001

study with a sample size of <30 in the case group or control  sensitivity results indicated a minimal difference in the
group. Likewise, the odds ratio changed slightly from 5.64  measurements in the odds ratio. Thus, the results of the
(95% CI 2.70-11.78) to 5.50 (95% CI 2.47-12.27). Both current meta-analysis could be considered robust.
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Table 2 Moderator analysis of association between chronic kidney disease and restless leg syndrome (RLS)

Variable k of study Subgroup analysis Meta-regression analysis

(sample size) -

OR 95% CI p value Coefficient Standard Error 95% CI p value

Age 9 (18,983) - - 0.02 0.03 —0.07t0 0.10 0.70
BMI 5(1147) - - 0.04 0.10 —-0.17t00.24 0.71
Duration of disease 4(1172) - - 0.15 0.10 —0.34t0 0.05 0.14
Laboratory result
Creatinine 5 (1697) - - 0.14 0.11 —0.09t0 0.36 0.23
BUN 4 (1835) - - 0.00 0.02 —0.03t00.03 0.78
Hemoglobin 6 (1560) - - 0.28 0.29 —0.29t00.86 0.33
Albumin 4 (1132) - - 0.70 2.79 —6.18t04.77 0.80
Calcium 6 (1560) - - 0.04 0.14 -023t00.31 0.77
Ferritin 4 (1132) - - 0.00 0.00 —0.00t0 0.01 0.33
Iron 4 (1301) - - 0.02 0.06 -0.13t00.10 0.78
GFR 3 (468) - - NA NA NA NA
Population
Children 2 (304) 3.86 1.37-10.93 0.51 - - - -
Adult 7 (18,679) 6.07 2.61 to 14.15 - - - -
Gender
Male 7(3179) 6.76 6.20-7.37 0.06 - - - -
Female 6(3347) 2.98 1.29-6.89 - - - -

OR odds ratio, BMI body mass index, BUN blood urea nitrogen, GFR glomerular filtration rate, NA not applicable, data cannot be analyzed due

to limited number of studies

Discussion
Main findings

To our knowledge, this study is the first meta-analysis that
estimated the risk of RLS among chronic kidney disease
patients when compared to the general population. While
previous meta-analyses have addressed related topics,
they differ in scope and focus. For instance, Mao, Shen
[15] identified potential risk factors for the susceptibility
to RLS among dialysis patients, without making direct
comparisons to the general population. Similarly, Lin,
Zhao [7] investigated the prevalence of RLS in chronic
kidney disease patients but exclusively included studies
involving adult participants. In contrast, our current meta-
analysis took a broader approach and examined the risk
of RLS and associated factors in chronic kidney disease
patients. We included all studies related to chronic kidney
disease, including end-stage renal disease (ESRD), from
children to adult population, and critically compared the
risk of RLS among chronic kidney disease patients with
the general population. Although the exact cause of RLS
among CKD patients is not clearly understood, there are
identified factors, such as anemia, iron deficiency, and
elevated serum calcium, which may contribute to an
increased likelihood of RLS in those patients than the
general population [32].

@ Springer

The findings of this meta-analysis revealed a substantial
sixfold increase in the likelihood of RLS development
among chronic kidney disease patients when compared
to the general population. Notably, despite the presence
of study heterogeneity, our sensitivity analysis confirmed
these associations, and importantly, we found no evidence
of publication bias. Furthermore, previous research findings
showed that 15-55% of kidney patients presented RLS [14,
32, 33]. Moreover, a study by Stefanidis et al. [30] and
Winkelman et al. [31] showed that chronic kidney disease
patients have a higher odds ratio of RLS than the general
population. However, the included studies in this meta-
analysis had case—control and cross-sectional designs.
While both study designs provide valuable insights into the
associations between CKD and RLS, neither can elucidate
the causal relationship. It is difficult to determine whether
CKD causes RLS or if RLS causes CKD. As a result,
longitudinal studies or experimental designs are required
in future research.

The pathophysiology of RLS remains enigmatic, with
iron and dopamine emerging as the most extensively
studied factors in understanding the physiologic
mechanisms underlying RLS [5, 33]. Iron plays an
essential role as a cofactor for the electron-transporting
enzyme tyrosine hydroxylase in oxidative metabolism and
serves as an oxygen transporter to various body organs,
including the brain [33]. Tyrosine hydroxylase stands as
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the rate-limiting enzyme responsible for the production
of dopamine. Therefore, iron deficiency can indirectly
reduce dopamine production in the brain [34]. Dopamine,
on the other hand, modulates the function of motor and
sensory spinal cord neurons and decreases dopamine
levels in the nervous system, contributing to symptoms
of RLS [34].

In addressing the issue of heterogeneity, we performed
moderator analysis. It was observed that increasing
age, duration of disease, higher body mass index, and
abnormal laboratory results would increase the risk
of RLS; however, we found no statistically significant
results for meta-regression and subgroup analysis in the
current study. This result was corroborated by a study
by Beladi et al. [32], which revealed no significant
associations between RLS and age, gender, dialysis
shift, and hemoglobin, calcium, and phosphate levels.
A study by Lin et al. [13] also found no relationship
between laboratory tests (creatinine, albumin, calcium,
hemoglobin, ferritin, and total iron binding capacity);
however, this study identified that female sex and
alcohol intake were significant risk factors of RLS [13].
Moreover, it is important to note that no significant
association exists between RLS and gender, alcohol
intake, smoking, and BMI [11]. In contrast, a meta-
analysis found associations between RLS and diabetes,
low levels of hemoglobin or iron, but no association in
females, age, duration of dialysis, BMI, BUN, creatinine,
albumin, phosphorus, and calcium [15].

We posit that the cause of non-significant moderator
analysis and different results from the previous meta-
analysis in the current study may be that in the current
study, the mean of some laboratory results was still within
the normal threshold. For instance, the average levels of
iron and ferritin were measured at 56 ng/ml and 205.45 ng/
ml, respectively. According to Kidney Disease: Improving
Global Outcomes (KDIGO) clinical practice guidelines,
serum ferritin levels <30 ng/mL indicate a severe iron
deficiency in CKD [35]. Similarly, most calcium levels
in the current meta-analysis were found to be within the
normal range. According to McCann [36], the normal
calcium level is 8.4-9.5 mg/dL. It is noteworthy that
both, increased serum concentrations of calcium [37] and
calcium deficiency were associated with RLS [38, 39].
However, calcium represents just one of among many
possible causes of RLS, and it may not even be the main
factor for a majority of people who suffer from RLS [39].
Another factor contributing to our findings is the fact that
in the current study, each moderator variable had fewer
than 10 studies. Thus, the results of moderator analysis
might be less robust and less valid because to conduct
moderator analysis, at least 10 studies should be available
for each characteristic or variable [21].

Strengths and limitations

Our meta-analysis has several strengths: (1). This is the
first meta-analysis to provide an association between
chronic kidney disease and RLS, and analyze the odds ratio
of RLS among chronic kidney disease patients compared
to the general population; (2). This study identified and
analyzed risk factors associated with RLS among chronic
kidney disease patients, for instance, gender, age, disease
duration, BMI, and laboratory test results (ferritin, iron,
creatinine, BUN, albumin, hemoglobin, calcium, GFR);
(3). Our research is supported by a comprehensive
search of six databases supported by a manual search on
Google Scholar without time and language restrictions;
(4). The study adhered to stringent methodological
procedures, including independent screening, meticulous
data extraction, and the study protocol registered on
PROSPERO; (5). Sensitivity analyses were performed
to support the robustness of the current study. However,
the limitations of our study are (1). We were only able
to identify nine relevant studies for inclusion in our
meta-analysis; (2). The presence of heterogeneity
within the included studies prompted us to conduct
moderator analysis to determine potential sources of this
heterogeneity; (3). The limited number of characteristics
of variables available in the included studies somewhat
constrained the robustness of our moderator analysis
results; and (4). The cross-sectional and case—control
design cannot elucidate the causal relationship. Thus,
longitudinal studies or experimental designs for further
research, are needed to provide more robust causal
inferences between CKD and RLS.

Conclusion

Chronic kidney disease patients are sixfold more likely
to develop RLS compared to the general population.
Both populations, adults, and children with chronic
kidney disease, have an odds ratio of more than one,
which indicates a high risk of RLS. After we performed a
moderator analysis, the results of moderator analysis were
not statistically significant, although the results showed
that abnormal body mass index and abnormal laboratory
test results would increase the risk of RLS. Therefore,
future research should include more studies, and advance
an intervention to reduce the RLS symptoms in chronic
kidney disease patients. Moreover, health professionals
should actively motivate patients to adhere to their
treatment plans and practice a healthy lifestyle, in order
to reduce the risk of RLS.

@ Springer
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