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Objective: The current study aimed to investigate the prevalence and risk factors of restless
legs syndrome (RLS) in patients undergoing hemodialysis, as well as the mortality and risks
of cardiovascular and cerebrovascular events.

Methods: A total of 354 hemodialysis patients from four hospitals were enrolled. RLS was
diagnosed using the International RLS Study Group (IRLSSG) criteria. The patients were
evaluated face-to-face using the IRLSSG rating scale, Epworth Sleepiness Scale (ESS),
Hamilton Anxiety Scale, Hamilton Depression Scale, and Pittsburgh Sleep Quality Index
(PSQI). The patients were followed up for 9 months. Death was considered an endpoint
event. The cardiovascular and cerebrovascular events were investigated.

Results: The prevalence of RLS in hemodialysis patients was 40.7% and was associated
with factors such as duration of hemodialysis, hypersensitive C-reactive protein, hyperpar-
athyroidism, glycosylated serum protein, and erythropoietin treatment. The scores of the
PSQI, ESS, and Hamilton Depression Scale in the RLS group were significantly higher than
those in the non-RLS group (p < 0.05). During follow-ups, the incidence rate of cardiovas-
cular diseases was 18.8% in the RLS group and 8.6% in the non-RLS group (p < 0.005). The
IRLSSG rating scores were significantly higher in RLS patients with kidney transplantation
failure compared with those without transplantation (p < 0.05).

Conclusion: The prevalence of RLS was high in hemodialysis patients. The risk factors of RLS
included duration of hemodialysis, hypersensitive C-reactive protein, hyperparathyroidism, glyco-
sylated serum protein, and erythropoietin treatment. RLS affected sleep quality and emotion and
increased the risk of cardiovascular diseases in hemodialysis patients. RLS was more severe in
patients with kidney transplantation failure compared with those without transplantation.
Keywords: restless legs syndrome, hemodialysis, prevalence, risk factor, cardiovascular
disease

Introduction
Restless legs syndrome/Willis-Ekbom disease (RLS/WED) is a common sleep-related
movement disorder. It can be idiopathic or occurs in comorbidity with other medical
conditions such as polyneuropathy, iron deficiency anemia, multiple sclerosis, hyper-
tension, and cardiovascular disease (cardiovascular diseases). The RLS phenotype is an
unusual composite of sensory and motor symptoms that presents with distinct circadian
rhythmicity. Patients with RLS feel an overwhelming urge to move, often in conjunc-
tion with unpleasant sensations, usually in the legs. Rest and inactivity provoke the
symptoms, whereas movement and other external stimuli lead to temporary relief.
RLS affects 3.5-10% of adults in the general population.'” A significantly
higher prevalence of RLS ranging from 12% to 62% has been reported in patients
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with end-stage renal disease.*’ The pathophysiology of
RLS in hemodialysis patients is not well established.
Researchers have proposed several risk factors, such as
diabetes mellitus, use of coffee, afternoon shift of dialysis,
female sex, lower hemoglobin (Hb), and homocysteine.”™
A meta-analysis suggested that RLS in dialysis patients
was strongly associated with low Hb and low iron, but not
associated with sex, age, duration of dialysis, creatinine,
phosphorus, calcium, parathyroid hormone, blood urea
nitrogen, albumin, and body mass index.'” RLS can causes
sleep disorders and affects the quality of life,'"'? leading
to increased risks of depression, anxiety, psychological
and fatigue. It has been reported that RLS

was associated with an increased risk of cardiovascular
2,14-16 17,18

disorder,'?
diseases both in the primary and uremic forms.
Severe RLS may increase mortality in patients with end-
stage renal disease.”'”"'” However, a study with 15 years
of follow-up of hemodialysis patients found that the mor-
tality is not influenced by concomitant RLS in end-stage
renal disease patients.*”

RLS is also common in kidney transplant recipients
with a prevalence of 51%.%' Winkelmann et al* reported
the symptoms of uremic RLS disappeared after kidney
transplantation in all 11 patients but reappeared after sev-
eral years in the patients with transplantation failure. This
suggests that renal dysfunction is associated with the
development of RLS. However, other studies have sug-
gested that sleep disorders including RLS in kidney trans-
plant recipients were due to the underlying illness and the
surgery itself.>* A combination of renal dysfunction, sur-
gery, and immunosuppressive agents exists in patients with
kidney transplantation failure.

The current study aimed to investigate the prevalence
and risk factors of RLS in hemodialysis patients in
Beijing, China. The effect of RLS on sleep, emotion, and
risks of cardiovascular and cerebrovascular disease was
also analyzed.

Materials and Methods

Patients

The current study is a cross-sectional study including 354
hemodialysis patients recruited from four hospitals in
Beijing, China (Figure 1). The four hospitals were Beijing
Friendship Hospital, Beijing Chaoyang Hospital, No. 6
Beijing Hospital, and Beijing Zhongxing Hospital, each
located in a distinct district of the Beijing city. The study
protocol was approved by the ethics committees of all

| Eligible hemodialysis patients (n = 587) |

4-{ Unwilling to participate (n = 162) ‘

l Patients willing to participate (n = 425) ‘

Impaired cognition (n = 23) ‘

l Interviewed by neurologists (402) ‘

Excluded for pregnancy, epilepsy,
multiple sclerosis, narcolepsy, sleep
apnea syndrome, and involuntary
movement disorders (n = 48)

Finally included (n = 354) |

Figure | Flow chart of patient enroliment.

hospitals, and was conducted in accordance with the
Declaration of Helsinki, and all transplant procedures had
been conducted in accordance with the Declaration of
Istanbul. Adult patients who had hemodialysis at least twice
a week were eligible to participate. Written informed consent
was acquired from all participants. The exclusion criteria
were: (1) patients with impaired cognition who cannot respond
to the questionnaires as assessed using the Mini-Mental State
Examination; (2) patients with secondary cause of RLS such
as pregnancy, epilepsy, multiple sclerosis, narcolepsy, pre-
vious diagnosis or present symptoms of sleep apnea, and
involuntary movement disorders. Neurological resident doc-
tors screened the patients and checked the medical records.
The face-to-face questionnaires contained medical history and
some symptoms description for excluding the secondary cause
of RLS. If the resident doctors were not sure about the patient
eligibility, a neurological attending doctor or consultant
rechecked the patient with physical examination if necessary.

Demographic and Medical History

All questionnaires were administered by neurologist in
a face-to-face manner. This part of information was derived
from the interview and medical records. The patient general
information included age, sex, height, weight, body mass
index, smoking (Yes = ever, No = never), drinking (Yes =
ever, No = never), tea or coffee (Yes = weekly, No = never or
occasionally), and exercise (Yes = weekly exercise > 30 min,
No = weekly exercise < 30 min). The hemodialysis informa-
tion included hemodialysis schedules, etiology of the kidney
disease, and kidney transplantation. Comorbidity informa-
tion such as past illnesses and hyperparathyroidism was
based on medical records. Use of the following medications
was included in the analysis: antiplatelet agents, antihyper-
tensive agents, antidiabetic agents, insulin, neurotrophic
agents, calcium supplementation agents, iron supplementa-
tion agents, erythropoietin, antidepressant agents, sedative
agents, antihistamine agents, and antiemetic agents.
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RLS Questionnaire

RLS was diagnosed by neurologists using the 2014 IRLSSG
criteria.* Other information included RLS-involved limbs (1=
left upper limb, 2 = right upper limb, 3 = left lower limb, 4 =
right lower limb; both lower limbs =3 + 4, both upper limbs = 1
+2, unilateral limb=1,2, 3,4, 1 +3, or 2 +4), RLS symptoms
on-set time (prior to or after the initiation of maintenance
hemodialysis), previous diagnosis of RLS (Yes or No; if Yes,
prior to or after the initiation of hemodialysis), awareness of
RLS (never heard about RLS or aware of RLS symptoms),
family history of RLS (Yes = at least one family member of
parents, siblings, or offspring was diagnosed with RLS), RLS
severity in the first and second nights after hemodialysis (sub-
jective scores ranging from 1 to 9, higher scores mean more
severe symptoms), and treatment of RLS. The IRLSSG rating
scale was used to evaluate the severity of RLS,” which was
classified as mild (scores 1-10), moderate (scores 11-20),

severe (scores 21-30), and critical (scores 31-40).

Sleep and Emotion Scales

The Epworth sleeping scale (ESS) was used to evaluate the
excessive daytime sleepiness (scores ranging from 0 to 24,
higher scores suggest worse somnolence).?® The Pittsburgh
Sleep Quality Index (PSQI) was used for sleep quality evalua-
tion with higher scores suggesting worse sleep quality.>” The
Hamilton Anxiety Scale® scale was used for anxiety evalua-
tion, with scores ranging from 0 to 56, which grades anxiety
severity as no anxiety (0-6), possible anxiety (7-13), mild
anxiety (14-20), moderate anxiety (21-28), and severe anxiety
(29-56). The Hamilton Depression Scale®® was used to evalu-
ate depression, with scores ranging from 0 to 78, which grades
depression severity as no depression (0—7), possible depression
(8-20), mild and moderate depression (21-35), and severe
depression (36-78).

Follow-Up

Patients were followed up by interview 9 months later. If the
patients felt any discomfort or the patients were found to omit
any hemodialysis, the doctors in nephrology or urology depart-
ment would inform the neurologists for the telephone call and
temporary interview. Then the neurologists would interview
the patients and check the medical records. At the 9 months
follow-up or temporary follow-up interview, cardiovascular
and cerebrovascular events were recorded. Cardiovascular
events include myocardial infarction, angina pectoris, heart

failure, arrhythmia, and hypertension. Cerebrovascular events

include cerebral infarction, cerebral hemorrhage, and transient
ischemia attack. Death was regarded as the endpoint.

Laboratory Tests

Blood tests were conducted at once or within the last 14
days. The laboratory tests included blood routine test,
hypersensitive C-reactive protein, parathyroid hormone,
blood urine nitrogen, creatinine, uric acid, serum sodium,
serum potassium, serum calcium, serum phosphate, serum
chloride, serum glucose, serum cholesterol, triglyceride,
low density lipoprotein-cholesterol (LDL-C), high density
lipoprotein-cholesterol (HDL-C), glycosylated serum pro-
tein, serum ferritin, serum iron, total iron binding capacity,
unsaturated iron binding capacity, folic acid, and vitamin
B12. Hyperparathyroidism was diagnosed with increased
levels of parathyroid hormone.

Statistical Analysis

The estimated sample size was 92 patients per group with
the a value of 0.05 and a predicted prevalence of 40%. The
screening duration was 3 months and 354 patients were
enrolled. The quantitative data were expressed as means =+
standard deviations. The qualitative data were presented as
frequencies or percentages. All analyses were carried out
using the SPSS (Statistical Package version 19.0). The
level of statistical significance was set at p < 0.05. All
quantitative data were tested to be in normal distribution.
The differences between the RLS and the non-RLS groups
were analyzed using the independent samples #-test or the
2% test. The factors with a p-value less than 0.1 were
included in the multivariable logistic regression analysis
to explore their association with RLS. The statistical part
of the study was reviewed by a biomedical statistician.

Results

General Patient Information

A total of 354 hemodialysis patients in the 4 hospitals
were enrolled in the current study during the 3 months.
There were 198 (198/354, 55.9%) male patients. The mean
age was 55.8 +12.7 years and the mean hemodialysis
duration was 86.0 + 63.7 months. There were 94 (26.5%)
patients with a history of kidney transplantation failure.

RLS Prevalence

Among the 354 enrolled hemodialysis patients, the preva-
lence of RLS was 40.7% (144/354). And 82.6% (119/144)
of the RLS patients presented the symptoms after the
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initiation of hemodialysis within a mean time of 44.2
months. The other 17.4% (25/144) of the RLS patients
presented the symptoms prior to the initiation of hemodia-
lysis and 3 of them had a family history of RLS. The
prevalence of RLS in males was significantly lower than
that in females (35.9%, 71/198 vs 46.8%, 73/156; p =
0.038). The awareness rate of RLS was 27.7% (98/354)
in the hemodialysis patients and 41.7% (60/144) in
patients with RLS. At 9 months of follow-up, 69.7%
(239/343) of the RLS patients were had been treated
with medicines such as iron supplements, dopamine recep-
tor agonists, levodopa, and sedatives.

RLS Severity

For the 144 RLS patients, the mean IRLSSG score was
15.0 + 7.4. The severity of RLS was graded in 41 patients
(28.5%) as mild, 68 patients (47.2%) as moderate, 28
patients (19.4%) as severe, and 7 patients (4.8%) as criti-
cal. RLS patients with kidney transplantation failure (n =
46) had a significantly higher IRLSSG score of 17.2 + 7.8
than those without (n = 98, 15.4 = 7.1, p = 0.038). Of the
144 RLS patients, 78 patients (54.2%) did not feel signifi-
cant difference in RLS severity between the first night and
the second night after hemodialysis. However, 38 patients
(26.4%) and 26 patients had greater RLS severity on the
first night and the second night, respectively. There was no
significant difference in RLS severity between the patients
with upper limb involvement and those with low limb
involvement alone (14.7 + 8.3 vs 16.0 = 7.3, p = 0.552).

Clinical Features of RLS

The lower limbs were involved in 90.97% (131/144) of the
RLS patients. Discomfort in the upper limbs was observed
in 2.8% (4/144) of the RLS patients. Unilateral limb dis-
comfort was observed in 6.3% (9/144) of the RLS patients.

Possible Risk Factors of RLS

Complete data were available in 307 patients (307/354,
86.7%), including 125 RLS-patients and 183 non-RLS
patients. The possible risk factors and laboratory test
results were compared between the RLS group and non-
RLS group using the independent samples r-test or the y°.
Hemodialysis duration, female sex, erythropoietin treat-
ment, hypertension, and drinking were significantly differ-
ent between the two groups (Table 1). Significant
difference was found in serum levels of chloride, potas-
sium, and phosphorus between the RLS and non-RLS
groups (Table 2).

Table | Possible Risk Factors of Restless Legs Syndrome (Part 1)

RLS Non-RLS p-value
(n=144) (n=210)

Age, year 547 £ 11.7 | 569 + 13.3 0.113
BMI, kg/m? 21.8+30 | 227 +38 0.110
Duration of 96.4 £70.7 | 72.0 £ 59.9 0.001
hemodialysis, month

Female sex, n (%) 73 (50.7) 83 (39.5) 0.038
Kidney transplantation, 46 (31.9) 48 (22.9) 0.075
n (%)

Smoking, n (%) 44 (30.6) 49 (23.3) 0.129
Drinking, n (%) 22 (15.3) 37 (17.6) 0.020
Exercise, n (%) 74 (51.4) 115 (54.8) 0.532
Tea, n (%) 91 (63.2) 118 (56.2) 0.206
Coffee, n (%) 19 (13.2) 23 (11.0) 0.522
Hypertension, n (%) 91 (63.2) 154 (73.3) 0.042
Diabetes, n (%) 16 (I1.1) 35 (16.7) 0.144
Erythropoietin, n (%) 137 (95.1) 179 (85.2) 0.003
Antiplatelet, n (%) 38 (26.4) 64 (30.5) 0.404
Vitamin B2, n (%) 33 (22.9) 35 (16.7) 0.143
Iron, n (%) 50 (34.7) 88 (41.9) 0.173
Hypnotics, n (%) 29 (20.1) 32 (15.2) 0.230

Abbreviations: RLS, restless legs syndrome; BMI, body mass index.

The factors with a p-value less than 0.1 in the univari-
ate analysis were included in the logistic regression ana-
lysis. These factors were sex, duration of hemodialysis,
drinking,  erythropoietin  treatment,  hypersensitive
C-reactive protein (hs-CRP), serum glucose, glycosylated
serum protein, and hyperparathyroidism. Hemoglobin and
serum iron were also included. The dependent variable is

restless legs syndrome (present/absent) (Table 3).

Association Between RLS and Sleep/

Emotion

Significant difference was observed in the PSQI scores and
the ESS scores between the RLS and non-RLS groups
(independent samples r-test). In the PSQI dimensions,
sleep quality, sleep latency, and daytime dysfunction
were significantly different. There was no significant dif-
ference between the Hamilton Anxiety Scale scores.
However, the Hamilton Depression Scale scores differed
significantly between the two groups (Table 4).

Association Between RLS and Risks of
Mortality and Cardiovascular/

Cerebrovascular Events
Our patients were followed up for 9 months. Eleven
patients (3.11%, 11/354) died during the follow-up.
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Table 2 Possible Risk Factors of Restless Legs Syndrome (Part 2)

RLS (n=144) Non-RLS p-value
(n=210)

Parathyroid 516.29 + 505.14 | 425.12 + 400.71 | 0.061
hormone (pg/mL)
Hyperparathyroidism, n (%) | 35 (24.3) 29 (13.8) 0.012
White blood cells (10°/L) 5.82 £ 2.09 5.97 £ 2.00 0.519
Red blood cells (10'%/L) 3.71 £ 055 3.63 £ 0.59 0.210
Platelet (10°/L) 181.58 + 61.34 176.34 + 58.04 0.433
Hemoglobin (g/dl) 11.48 + 1.63 1143 £ 1.63 0.762
Creatinine (mg/dl) 10.08 + 2.72 9.61 £ 3.08 0.155
Blood urine nitrogen (mg/ | 75.45 + 22.47 76.69 £ 76.61 0.851
dl)
Uric acid (umol/L) 424.90 + 95.36. | 408.41 + 100.99 | 0.124
Serum sodium (mmol/L) 139.39 + 2.83 138.46 + 10.36 0.312
Serum chloride (mmol/L) 94.65 + 5.33 96.84 + 5.59 0.000
Serum potassium (mmol/L) | 5.42 + 0.80 5.26 + 0.67 0.051
Serum calcium (mmol/L) 237 +0.28 231 £022 0.049
Serum phosphate (mmol/L) | 2.01 £ 0.63 293 £ 0.63 0.268
Cholesterol (mg/dl) 167.05 + 42.93 162.80 + 37.51 0.346
Triglyceride (mg/dl) 138.18 + 8237 136.40 + 93.89 0.854
HDL-C (mg/dl) 48.34 + 14.69 46.79 + 13.53 0.264
LDL-C (mg/dl) 90.87 + 31.32 90.10 + 31.32 0.856
Glucose (mmol/L) 5.75 + 201 6.34 +3.19 0.053
Glycosylated serum 13.68 + 2.6l 16.64 = 11.77 0.050
protein (%)
hs-CRP (mg/L) 10.19 + 16.17 6.55 +9.70 0.016
Ferritin (ng/mL) 236.35 + 348.35 | 211.09 +230.25 | 0.450
Serum iron (umol/l) 14.13 + 24.78 13.60 + 8.89 0.794
Total iron binding capacity | 44.61 £ 10.11 4391 = 9.64 0.546
(umol/l)
Unsaturated iron binding 3279 + 10.87 31.02 + 892 0.170
capacity (umol/l)
Folic acid (ng/mL) 8.76 = 6.51 782 %622 0.259
Vitamin B12 (pg/mL) 519.68 + 365.33 | 484 + 389.58 0.482

Abbreviations: RLS, restless legs syndrome; HDL-C, high density lipoprotein-
cholesterol; LDL-C, low density lipoprotein-cholesterol; GSP, glycosylated serum
protein; hs-CRP, hypersensitive C-reactive protein.

Reasons of death included heart diseases (8/11), tumor (1/
11), leukemia (1/11), and tuberculosis (1/11). Significant
difference (p = 0.004, 5> test) was observed in the percen-
tage of newly diagnosed cardiovascular diseases, but not
in newly diagnosed cerebrovascular diseases and mortality
between the RLS and non-RLS groups (Table 5).

Discussion
In the current study, the hemodialysis patients were
enrolled from four hospitals located in four districts of
the Beijing city, which is a representative patient group.
The IRLSSG diagnostic criteria was used for RLS diag-
nosis. The current study included 354 hemodialysis
patients and the RLS prevalence was 40.7%, which is
similar to a previously reported prevalence of 40%.*
A subgroup of patients with kidney transplantation failure
had an RLS prevalence of 48.9% (46/94). This might
contribute to the high prevalence in the current study.
Despite the high prevalence of RLS in the hemodialysis
patients in the current study, the awareness rate of RLS
was 27.7%, which was quite low. The low awareness rate
of RLS may impede the early diagnosis of this disease.
In the current study, the on-set of RLS symptoms was
after the initiation of hemodialysis in 82.6% (119/144) of
the RLS patients. In addition, the current study found that
the duration of hemodialysis was associated with the pre-
valence of RLS. It has been suggested that the internal
environment disturbances and accumulation of toxins,
especially the middle-molecular-weight toxins, may affect
nerve conduction and lead to nerve fiber degeneration and
demyelination, and finally RLS.”° A supporting evidence
is that hemodialysis filtration and hemoperfusion can
remove the middle-molecular-weight toxins and relieve
the RLS symptoms.>’ Another 25 RLS patients in the
current study presented the RLS symptoms prior to the
initiation of hemodialysis, and three of them had a family
history of RLS, suggesting that genetics may play a role in
the development of RLS, especially the early-onset RLS.
The most frequently affected limbs were the lower
limbs in our patients. The IRLSSG rating scale was
employed to evaluate the severity of RLS. Compared to
the primary RLS patients with mild or moderate severity
levels, most of the RLS patients with hemodialysis
(66.7%) had moderate or severe RLS. Sabry et al®

Table 3 Multivariable Logistic Regression Analysis of the Possible Risk Factors of Restless Legs Syndrome

B SE Wals OR OR (95% CI) p-value
Duration of hemodialysis 0.005 0.002 6.625 1.005 1.001-1.008 0.010
hs-CRP 0.030 0.011 7.391 1.031 1.009-1.054 0.07
Erythropoietin —1.274 0.472 7.279 0.280 0.111-0.706 0.007
Glycosylated serum protein -0.218 0.046 22.215 0.804 0.735-0.881 <0.001
Hyperparathyroidism —0.639 0.310 4.243 0.528 0.287-0.969 0.039

Notes: The factors included in the multivariable logistic regression analysis are sex, duration of hemodialysis, drinking, erythropoietin treatment, hs-CRP, serum glucose,
glycosylated serum protein, and hyperparathyroidism. Hemoglobin and serum iron were also included. The dependent variable is restless legs syndrome (present/absent).
Abbreviations: OR, odds ratio; Cl, confidence interval; hs-CRP, hypersensitive C-reactive protein.
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Table 4 Assessments of Sleep and Emotion in the RLS and Non-
RLS Groups

RLS (n=144) | Non-RLS p-value
(n=210)

ESS 4.78 + 3.98 3.68 £3.20 0.005
HAMA 3.96 £3.24 288 £ 3.16 0.125
HAMD 5.65 £ 3.20 444 + 339 0.012
PSQI 849 + 458 6.88 + 4.85 0.002
PSQI dimensions

Subjective sleep quality | 1.36 + 0.87 1.1l +£0.87 0.009
Sleep latency 1.644 = |.13 1.37 £ 1.12 0.030
Sleep duration 1.49 + |11 132+ 1.10 0.184
Sleep efficiency 1.33 + 1.06 112 £ 1.14 0.102
Sleep disorders 0.88 + 0.59 0.71 + 1.49 0.206
Sedative medicine 0.52 £ 1.05 0.48 + 1.03 0.701
Daytime dysfunction 1.27 + 0.98 0.89 + 0.90 <0.00

Abbreviations: RLS, restless legs syndrome; ESS, Epworth Sleeping Scale; HAMA,
Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale; PSQI, Pittsburgh Sleep
Quality Index.

Table 5 Prognosis and Follow-Up of the RLS and Non-RLS
Groups

RLS Non-RLS | p-value
(n=144) | (n=210)
Mortality, n (%) 6 (4.2) 5(2.4) 0.342
Cardiovascular disease, n (%) 27 (18.8) | 18 (8.6) 0.004
Cerebrovascular disease, n (%) | 10 (6.9) 9 (4.3) 0.276

Abbreviation: RLS, restless legs syndrome.

reported that 65% of RLS patients had moderate or severe
levels of RLS in hemodialysis patients, which is consistent
with our findings.

In the current study, we focused on the subgroup of
hemodialysis patients with kidney transplantation failure.
Winkelmann et al** reported that successful kidney trans-
plantation could improve the RLS symptoms and that
patients with good renal function were asymptomatic dur-
ing 4-9 years of follow-ups. However, three patients with
kidney transplantation failure had recurred RLS symp-
toms, and the severity of the RLS symptoms was reduced
compared with that before transplantation. In this study, 94
patients with kidney transplantation failure were included.
The current study found that kidney transplantation was
not associated with RLS prevalence. However, RLS
patients with kidney transplantation failure had more
severe RLS symptoms in comparison with RLS patients
without kidney transplantation failure. This finding sug-
gests that the surgery or the immunosuppressive agents
may affect the RLS severity.

Previous studies'®'®*? have shown that risk factors of
RLS include female sex, younger age, high levels of serum
B2 microglobulin and parathyroid hormone, low levels of
hemoglobin and serum iron, diabetes, calcium/phosphorus
imbalance, peripheral nerve damage, and renal disease.
The current study found that female sex was not associated
with the prevalence of RLS, which is consistent with the
results of a previous meta-analysis.'® However, given that
pregnancy is a cause of secondary RLS, increased estrogen
levels might lead to susceptibility to RLS.

In the current study, a significantly higher proportion of
RLS patients had used erythropoietin compared with the
non-RLS patients, which is consistent with previous
findings.'® However, the serum levels of hemoglobin and
iron were not significantly different between the RLS and
non-RLS groups. Renal anemia is common in hemodialy-
sis patients and erythropoietin is frequently used to treat
this condition. Long-term use of erythropoietin may
relieve renal anemia and increase hemoglobin levels. We
speculate that renal anemia was more serious in the RLS
patients, and erythropoietin is needed to treat the anemia in
these patients. There was no significant difference in
hemoglobin levels between the RLS and non-RLS
patients, which may be due to the use of erythropoietin
in more RLS patients. In the current study, erythropoietin
was found to be a protective factor for RLS. This suggests
the necessity to start renal anemia treatment as soon as
possible in hemodialysis patients.

It has been reported that increased levels of parathyroid

S,1%32 which is consistent with

hormone are associated with RL!
our findings. Parathyroid hormone is a middle-molecular-
weight toxin and its accumulation can compromise nerve con-
duction and cause fiber demyelination. Elevated parathyroid
hormone levels are associated with poor sleep quality in
patients with uremic RLS.” Surgical treatment of parathyroi-
dectomy can improve the symptoms of RLS in patients with
severe hyperparathyroidism.”® In the current study, nine RLS
patients were treated with parathyroidectomy and the RLS
symptoms were relieved. Our findings indicate a possible
link between RLS severity and parathyroid function.

It has been shown that 73.5% to 88.5% of hemodialysis
patients have sleep disorders and the main manifestation is
difficulty falling asleep (84.5%).'*'°* Patients with RLS
are at increased risks of insomnia and excessive daytime
sleepiness.”** RLS is also a risk factor affecting sleep quality
in patients with renal diseases.’ It has been shown that
patients with end-stage renal diseases and RLS had signifi-
cantly higher PSQI scores compared with those without
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RLS.?¢ Similarly, the current study found that hemodialysis
patients with RLS had significantly higher PSQI scores than
those without RLS. In the PSQI dimensions, the scores of
subjective sleep quality, sleep latency, and daytime dysfunc-
tion were significantly different between the RLS and non-
RLS groups. The ESS showed that daytime somnolence was
more severe in hemodialysis patients with RLS than those
without RLS. These results suggest that RLS can influence
sleep quality in hemodialysis patients. The Hamilton
Depression Scale scores also differed significantly between
the RLS and non-RLS group, showing that depression was
more severe in hemodialysis patients with RLS. It is possible
that sleep disorders may worsen the emotional change, espe-
cially in RLS patients with hemodialysis.

The short survival time of RLS patients with uremia
might be related to the higher risk of cardiovascular
diseases.’’ It has been reported that end-stage renal disease
patients with RLS are at increased risk of cardiovascular
diseases due to poor sleep quality and deterioration of the
body condition.'**** In the follow-up of the current study,
the mortality of RLS patients was slightly higher, though not
significant. It has been suggested that RLS patients with
hemodialysis are more likely to develop cardiovascular dis-
eases due to the compromised cardiac structure and function,
sarcopenia, insulin resistance, and kidney fatty infiltration.”’
The current study found that the common risk factors of
cardiovascular diseases such as history of diabetes, smoking,
and physical inactivity were not significantly different
between the RLS and non-RLS groups. The increased risks
of cardiovascular disecases may be associated with renal
dysfunction such as uremia, mineral metabolism disorders,
inflammation, oxidative stress, and malnutrition.*®

Chronic inflammation is common in hemodialysis patients
and may play an important role in the development of cardi-
ovascular diseases. In the current study, the logistic regression
analysis showed that hs-CRP was associated with RLS, sug-
gesting a possible link between inflammation and RLS. It has
been shown that hs-CRP, an inflammation factor, is associated
with atherosclerosis plaque and cardiovascular diseases.*’
A meta-analysis suggested that hs-CRP is a risk factor for
cardiovascular diseases and can increase the mortality of car-
diovascular diseases.*’ The increased cardiovascular diseases
events in our patients may partly be associated with the high
hs-CRP levels in hemodialysis patients with RLS. We spec-
ulate that sleep disturbance and depression in RLS may con-
tribute to the elevated risks of cardiovascular diseases.

The current study has limitations. First, despite that hs-
CRP was found to be associated with RLS, our cross-

sectional study cannot confirm the causal relationship
between hs-CRP and RLS. Second, the data of drinking,
smoking, coffee, tea, and exercise were categorical, and
may not provide adequate information to reveal their asso-
ciation with RLS. Third, the follow-up time was short and
more precise categories are needed.

Conclusions

The prevalence of RLS was high in hemodialysis patients,
contrasting to the low awareness rate of this disease. Risk factors
of RLS included hemodialysis duration, hs-CRP, glycosylated
serum protein, hyperparathyroidism, and erythropoietin treat-
ment. RLS can affect sleep quality and emotion and increase the
risk of cardiovascular diseases in hemodialysis patients. RLS
was more severe in patients with kidney transplantation failure
compared with those without transplantation.
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