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BACKGROUND

Different types of sleep complaints have been
reported for up to 80% of patients with chronic
renal failure (CRF). Several studies showed that
sleep apnea, restless legs syndrome (RLS), peri-
odic limb movement disorder (PLMD), and day-
time sleepiness are common sleep problems in
these patients.l'l RLS in particular has been asso-
ciated with increased risk of mortality for pa-
tients with CREF. 231 RLS is a neurological move-
ment disorder that is often associated with sleep
disturbances. Patients with RLS have irresistible
desire to move their legs during the rest often
described as an unpleasant feeling in the legs. 124
Estimates of the prevalence of RLS are between
4% and 29% in Western populations, 15 8% in
Iranian population, 61 and between 6.6% to 83%
in patients on maintenance dialysis. "]

The etiology and pathophysiology of RLS is not
fully known. Currently, genetic predisposition, do-
paminergic dysfunction, and defects in iron meta-
bolism are known as major causes of RLS. Among
the causes of secondary RLS are iron deficiency, low

serum ferritin levels, folate deficiency, neuropathy,
CRF, and diabetes. [/ Dopaminergic system plays a
main role in RLS as autopsy reports indicate tyr-
soine hydroxylase is increased in substantia nigra
for RLS and striatal D2 receptors are decreased in
patients with more sever RLS. 89 A replicated posi-
tron emission tomography (PET) study has shown
decreased membrane bound striatal
dopamine transporter (DAT) with RLS. I RLS
symptoms improve with low-dose levodopa, and
using dopamine antagonists such as metoclopra-
mide can exacerbate the symptoms. [0

Iron deficiency is also associated with RLS and
iron administration can improved the symptoms.!!
Animal studies show that decreased brain iron pro-
duces the RLS dopaminergic profile of increased
dopamine activation matched by down regulation
of the receptors. ¥l Studies have shown that iron and
ferritin concentrations are lower and transferrin is
higher in CSF of the patients with RLS. ['\12 It is as-
sumed that RLS in CRF and also in pregnancy may
be partially related to iron deficiency, ¥l and some
evidence demonstrated beneficial effects of iron
therapy on RLS in these patients. 1314
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RLS in uremic patients significantly affects their quali-
ty of life.'”l Furthermore, according to several reports,
there is a significantly higher risk of mortality in CRF
patients with RLS. 23161 Thus, accurate and early diag-
nosis of RLS can lead to a significant improvement in
quality of life, and probably overall mortality. 151 Few
studies, however, has been conducted on sleep disord-
ers in patients undergoing dialysis in our society. In
addition, there are limited data on the risk factors of
RLS in uremic patients, especially with regard to the
type of dialysis, peritoneal dialysis (PD) versus hemo-
dialysis (HD). Accordingly, we aimed to evaluate the
frequency of RLS and associated risk factors in Iranian
patients on maintenance HD or PD.

METHODS

Patients and settings

This cross-sectional study was conducted between Jan
and Dec 2011 on patients with end-stage renal disease
(ESRD) who were on maintenance HD or PD in two
academic medical centers in Isfahan (IRAN). Inclusion
criteria were at least 18 years of age and a current his-
tory of at least 12 weeks of dialysis. Patients with a his-
tory of prior hospitalization within 4 weeks before the
study were not enrolled. Consecutive consenting case
sampling was conducted and with regard to the overall
prevalence of RLS = 30%, sample size was calculated as
80 cases. The study was approved by the Ethics Com-
mittee of Isfahan University of Medical Sciences and an
informed consent was obtained from all patients.

Assessments

During an interview with a trained resident of internal
medicine, a questionnaire regarding disease and dialy-
sis characteristics and RLS symptoms was completed.

Diagnosis of RLS and its severity

Patients were screened by a questionnaire for the 4 es-
sential diagnostic criteria for RLS as defined by the In-
ternational Restless Legs Syndrome Study Group
(IRLSSG):'71 “(1) an urge to move the legs, usually ac-
companied or caused by uncomfortable and unplea-
sant sensations in the legs, which (2) begin or worsen
during periods of rest or inactivity, and (3) are partially
or totally relieved by movement, and (4) are worse in
the evening or night than during the day or only occur
in the evening or night.” Patients whose responses in-
dicated a diagnosis of RLS were requested to further
answer the IRLSSG Severity Scale (IRLS) and Cam-
bridge-Hopkins RLS questionnaire (CH-RLSq). The
IRLSSG severity scale includes 10 questions about the
severity and frequency of RLS symptoms. Each item is
scored from 0 to 4. Based on total score, the severity is
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categorized to mild (score 1-10), moderate (score 11-
20), severe (score 21-30), and very severe (score 31-40)
case of RLS.'8l The CH-RLSq is a self-administered
questionnaire with a high sensitivity and specificity for
the diagnosis of RLS.["! The questionnaire includes 22
items with 7 of the items for diagnosis and the remain-
ing for better description of the symptoms. Based on
responses the patient is classified to definite or proba-
ble cases of RLS or no RLS. The most important charac-
teristic of this instrument is its ability to distinguish
RLS from those characteristics that can mimic symp-
toms of RLS (e.g. leg cramps). For using the instrument
in our population, the CH-RLSq was linguistically va-
lidated with the standard forward-backward transla-
tion method.12%

Laboratory assessments

Patients were tested for complete blood counts, serum
iron, ferritin, total iron binding capacity (TIBC), folate,
vitamin B, transferrin, albumin, calcium, phosphorus,
creatinine, blood urea nitrogen (BUN), C-reactive pro-
tein (CRP), and fasting blood sugar (FBS). Blood sam-
ples were taken in the morning in almost all patients in
one clinical laboratory center.

Data Analyses

Data were analyzed using the SPSS software for win-
dows (version 16.0) (SPSS Inc., Chcago, IL, USA). Pa-
tients were categorized to those with and without RLS.
Comparisons between categorical variables were per-
formed using the Fisher’s exact or chi-square test. Stu-
dent’s t-test and Mann-Whitney test were used for
comparison of parametric and non-parametric data,
respectively. Multivariate regression analysis was also
performed to find factors associated with RLS. Statis-
tical significance was defined at the 95% level
(p < 0.05). Because not all comparisons had a prede-
fined 1-tailed hypothesis we reported 2-tailed p values
for all comparisons.

RESULTS

During the study period, 45 patients on HD and 45
patients on PD were evaluated. They consisted of 53
males and 37 females with the mean age of 54.2 + 15.2
years and disease duration of 5.36 + 4.56 years. Eryt-
hropoietin was prescribed in 60 patients (66.7%; week-
ly dose: 4877 + 4595 U. Oral and intravenous iron sup-
plements were prescribed in 29 patients (32.2%), and
vitamin Bi2 was prescribed in 58 patients (64.4%). None
of the patients were treated with a dopamine agonist.
Demographic data and disease characteristics are pre-
sented in table 1. Based on the IRLSSG diagnostic crite-
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ria, 28.8% of the patients were diagnosed with RLS.
The RLS diagnosis was not confirmed by the CH-RLSq for
two of these patients, leaving 24 (26.6%) with confirmed
RLS. Two (8.3%) of the patients with RLS reported symp-
toms prior to dialysis and four patients (16.7%) reported
that RLS symptoms become worse during dialysis.

Table 2 represents clinical characteristics of patients

on HD compared with those on PD. Compared with
patients on PD, those who were on HD had longer
disease duration (p < 0.001), lower body mass index
(BMI, p = 0.013), less hypertension (p = 0.037), lower
calcium (p = 0.003) and higher phosphate (p < 0.001),
lower BUN (p = 0.044) and creatinine (p < 0.001), and
higher albumin (p < 0.001) and ferritin levels
(p =0.001).

Table 1. Clinical and demographic characteristics of patients

Age (year)
Gender (Female/Male)
BMI (kg/m?)

ESRD duration (year)
ESRD etiology
Diabetes
Hypertension
Glomerulonephritis
Other
Unknown
Comorbid diseases
Hypertension
Diabetes
Ischemic heart disease
RLS based on IRLSSG Criteria
RLS Based on CH-RLSq
RLS severity on IRLSSG Rating Scale
Mild (1-10)

Moderate (11-20)
Severe (21-30)

542 +15.2
37 (41.1%)/53 (58.8%)
23.9+44
5.36 + 4.56

36 (40%)
24 (26.6%)
7 (7.7%)
14 (15.5%)
9 (10%)

70 (77.7%)
40 (44.4%)
28 (31.1%)
26 (28.8%)
24 (26.6%)

7 (29.1%)
15 (62.5%)
2 (8.3%)

Data are shown as mean+SD or number (%)

BMI: Body mass index, ESRD: End-stage renal disease, RLS: Restless legs syndrome, IRLSSG: International
restless legs syndrome study group, CH-RLSq: Cambridge-Hopkins restless legs syndrome questionnaire

Table 2. Clinical and demographic characteristics of patients on hemodialysis and peritoneal dialy-

sis
Hemodialysis Peritoneal dialysis

N = 45y N = 45 Y P-value
Age (year) 545+ 15.0 54.0 + 15.6 0.875*
Gender (Male/Female) 25(55.5%)/20(44.4%) 28(62.2%)/17(37.7%) 0.334**
ESRD duration (year) 74+53 33+22 <0.001*
BMI (kg/m?) 22.7+3.9 25.0+45 0.013*
Family history 7 (15.5%) 5 (11.1%) 0.379**
Diabetes 20 (44.4%) 20 (44.4%) 0.584**
Hypertension 31 (68.8%) 39 (86.6%) 0.037**
Hemoglobin (g/dL) 114+1.38 120+1.6 0.130*
CRP (mg/L) 6.6 +10.9 6.9+11.6 0.892***
Calcium (mg/dL) 8.16 + 1.04 8.71 +0.59 0.003*
Phosphate (mmoL/L) 5.48 £1.35 4.04£0.85 < 0.001*
BUN (mg/dL) 54.7 +16.8 65.6 +31.4 0.044*
Creatinine (mg/dL) 432+221 7.38+3.22 <0.001*
Albumin (g/dL) 4.0+0.43 3.43+0.47 < 0.001*
Ferritin (ng/dL) 496.4 + 317.6 285.6 + 266.2 0.001***
Iron (ug/dL) 79.7+324 81.6+34.2 0.784*
Transferrin (mg/L) 18.6 +3.8 19.4+4.2 0.340*
Transferrin saturation (%) 44.4 +20.3 43.9+215 0.906*
TIBC (pg/dL) 291.2+42.6 282.5+62.7 0.445*
Vitamin By, (pg/mL) 630.4 + 514.3 559.9 + 353.6 0.837***
Folate (ng/mL) 144.8 + 66.9 1495+ 73.6 0.596***

Data are shown as mean  SD or humber (%)

BMI: Body mass index, ESRD: End-stage renal disease, CRP: C-reactive protein, BUN: Blood urea nitrogen,

TIBC: Total iron binding capacity

* Independent Sample t-test

** Chi-square or Fisher’s exact test
*** Mann-Whitney Test
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Table 3. Clinical and demographic characteristics of patients with and without RLS

With restless legs syndrome Without restless legs syndrome

N = 24 N = 66 i
Age (year) 55.1+12.9 53.9+16.1 0.753*
Gender (Male/Female) 11(45.8%)/13(54.1%) 42(63.6%)/24(36.3%) 0.019**
o HD 16 (66.6%) 29 (43.9%)
Dialysis type 0.048*
PD 8 (33.3%) 37 (56.0%)
Hemodialysis dose (h/wk) 10.8+1.8 10.7+1.8 0.956*
EZQLZ:EI (‘i;:lry;:y) 40+05 40409 0.937
ESRD duration (year) 6.5+5.0 49+43 0.130*
BMI (kg/m?) 251+57 23.4+37 0.100*
Family history 9 (37.5%) 3 (4.5%) < 0.001**
Diabetes 10 (41.6%) 30 (45.4%) 0.470**
Hypertension 20 (83.3%) 50 (75.7%) 0.324*
Hemaoglobin (g/dL) 11.8+15 11.6+1.8 0.568*
CRP (mg/L) 9.3+16.1 5.8+8.7 0.913*
Calcium (mg/dL) 8.31£0.82 8.48 £0.91 0.419*
Phosphate (mmoL/L) 51+15 46+1.2 0.064*
BUN (mg/dL) 64.7 £23.3 58.6 + 26.5 0.333*
Creatinine (mg/dL) 5.99 + 2.82 5.80 + 3.28 0.806*
Albumin (g/dL) 3.92+0.52 3.68+0.54 0.069*
Ferritin (ng/dL) 328.5+274.5 413.7 +320.9 0.454**
Iron (pg/dL) 77.8+28.3 81.7£34.9 0.621*
Transferrin (mg/L) 20.3+3.8 18.6 +4.0 0.072*
Transferrin saturation (%) 38.7+12.8 46.2+22.8 0.054*
TIBC (pg/dL) 298.7 £49.8 282.5+54.4 0.281*
Vitamin B;, (pg/mL) 625.4 £ 499.4 584.1 + 420.3 0.906**
Folate (ng/mL) 138.3 +66.7 150.3+71.3 0.308**

Data are shown as mean = SD or number (%)

BMI: Body mass index, ESRD: End-stage renal disease, CRP: C-reactive protein, BUN: Blood urea nitrogen, TIBC: Total
iron binding capacity

* Independent sample t-test

** Chi-square or Fisher’s exact test

*** Mann-Whitney test

Table 4. Multivariate logistic regression analysis on possible risk factors for restless legs syndrome
95% CI for OR

Adjusted variables . Prvalue oR Lower Upper
Female 1.898 0.013 6.671 1.486 29.940
Family history 2.952 0.003 19.153 2.655 138.180
Hemodialysis 2,771 0.003 15.973 2.606 97.889
BMI 0.178 0.032 1.195 1.015 1.407
Iron 0.012 0.298 1.012 0.989 1.035
Ferritin -0.003 0.102 0.997 0.994 1.001
Transferrin 0.042 0.037 1.043 1.003 1.085
TIBC -0.032 0.031 0.968 0.940 0.997
CRP 0.035 0.262 1.036 0.974 1.101
Folate -0.057 0.247 0.945 0.858 1.040
Vitamin By, 0.000 0.646 1.000 0.999 1.002

BMI: Body mass index, CRP: C-reactive protein, TIBC: Total iron binding capacity

Comparing the clinical characteristics of patients sented in table 3. RLS was present in 35.1% (13/37) of
with and without RLS by univariate analysis is pre- females and 20.7% (11/53) of male patients (p = 0.019).
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RLS was more frequent in HD (35.5%) than PD (17.7%)
patients (p = 0.048). Nine (37.5%) of the patients with
RLS had a history of RLS in their first degree relatives
compared with three (4.5%) of those without RLS (p <
0.001). The differences between RLS and non-RLS pa-
tients regarding phosphate, albumin, transferrin, and
transferrin saturation were not statistically significant
and no significant difference was found regarding oth-
er variables (p > 0.005).

The results of multivariate logistic regression analy-
sis are presented in table 4. Major predictors were fe-
male gender (OR = 6.671), being on hemodialysis
(OR = 15973), and positive family history
(OR =19.153). Other factors associated with risk of RLS
included higher BMI (OR = 1.195), and higher transfer-
rin (OR =1.043) and lower TIBC (OR = 0.968) levels.

DISCUSSION

Several reports are available on the prevalence of RLS
and different types of sleep disorders among patients
on maintenance hemodialysis; however, few studies
have compared the prevalence of RLS between patients
on PD and HD and evaluated associated risk factors.
Similar to other reports, we found a high frequency of
RLS in patients on dialysis (26%) which is considerable
compared to our general population (11% in 40-79
years old population).l!l By multivariate analysis we
found that female gender, positive family history, and
being on HD are major predictive factors for the pres-
ence of RLS. Higher BMI, higher levels of transferrin,
and lower levels of TIBC are also associated with high-
er risk of RLS in uremic patients on maintenance dialy-
sis. The association of lower levels of ferritin with RLS
was not statistically significant which might be related
to the small sample size of the study. Other factors in-
cluding serum iron, folate, and vitamin Bi levels were
not associated with RLS. Factors such as duration of
ESRD, phosphorus, and albumin that were different
between those with and without RLS in univariate ana-
lyses were not associated with RLS in multivariate
analysis.

Previous studies reported different frequencies of
RLS and associated factors in patients on HD and PD.
RLS among patients on HD was reported from about
20%M1621-231 to 60%M24 and most studies with large sam-
ple sizes reported a frequency from 30% to 50%.1252
Only few reports are available on the association of
dialysis type with RLS. Hui et al. reported RLS in 62%
and 70% of the patients on PD and HD, respective-
ly.13031] Another study by Unruh et al. on a large sam-
ple of patients on HD and PD showed sever symptoms
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of RLS in 15.6% of HD and 13.3% of PD patients The
other study by Al-Jahdali showed higher prevalence of
sleep apnea (92% vs. 67%) and RLS (69% vs. 46%) in
PD than in HD patients. 32l However, in the mentioned
study, PD and HD patients were not similar in some
important factors; PD patients were more obese, had
higher frequency of hypertension, had lower dialysis
adequacy, and fewer EPO and iron supplementation
which according to some reports may have effects on
the risk for RLS. 12133

Differences between studies might be related to
several factors including diagnostic approach to RLS,
racial differences, and the studied population. 4 In the
study by Cirignotta et al., 50% of HD patients had RLS
based on the IRLSSG criteria for RLS, but only 33.3%
received a clinical diagnosis of RLS by neurologist./?”]
This subject was also shown in one study on a large
sample which were interviewed by the Hopkins tele-
phone diagnostic interview and showed that a variety
of conditions, including cramps, positional discomfort,
and local leg pathology can mimic RLS by fulfilling the
4-item diagnostic criteria of IRLSSG. 1% Similarly, we
found that the two patients who had RLS based on the
4-item diagnostic criteria were not RLS cases when in-
terviewed by the CH-RLSq. These results shows that a
simple screening questionnaire, with four essential di-
agnostic criteria of RLS, has limited specificity for di-
agnosis of RLS in uremic patients which seems to be
caused by the frequent presence of other leg symptoms
such as pain, paresthesias, itching, and cramps and
peripheral neuropathy in uremic patients and thus fur-
ther clinical interview and examination by an expert is
necessary to confirm the diagnosis.

Several studies have conducted to find risk factors
for RLS in patients with chronic kidney disease. Eva-
luated factors were included age, gender, duration of
ESRD, type of dialysis, dialysis shift and adequacy,
underlying cause of ESRD/concurrent diseases, and
biochemical findings mostly including serum iron, fer-
ritin, transferrin, folate, vitamin Bi: and electrolytes.
Female gender has been found to be associated with
RLS not only in ESRD patients?63l but also in general
population. 71 The results of the association between
age and RLS in ESRD patients have been controversial,
12338391 while studies with larger sample size showed
that age is independently associated with severe symp-
toms of RLS, PPl and that the prevalence of RLS in-
creased with age in the general population. 740 Siddi-
qui et al. showed that duration of being on dialysis is
associated with increasing risk of RLS (RR 1.06 per
year);i3 however, in other studies duration of uremia
was not associated with RLS,223839 which shows that
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RLS in ESRD patients is a multifactorial complaint and
not simply affected by the disease duration. Dialysis
type as a risk factor for RLS, independent of other fac-
tors, has been evaluated only by few studies. As men-
tioned above, the higher frequency of RLS in patients
on PD vs. HD in the Al-Jahdali study was probably
affected by differences between patients on dialysis
types regarding covariate factors. Nonetheless, our
multivariate analysis showed that HD versus PD is a
major independent risk factor for RLS. This association
cannot be justified by differences between HD and PD
patients in the evaluated clinical characteristics as pa-
tients on HD had lower BMI, less hypertension, and
higher ferritin levels, which are supposed to be asso-
ciated with lower risk of RLS. HD patients had longer
disease duration and lower calcium and higher phos-
phate levels, but considering these factors in multiva-
riate analysis did not change the outcome. Therefore,
other factors related to HD compared with PD must be
considered as possible mechanisms by which HD
patients are at a greater risk for RLS compared
with PD patients.

Dialysis adequacy is a factor that was not asso-
ciated with RLS in some studies® 4!l but we found no
association between dialysis dose (HD hours per
week or PD frequency per day) and RLS. In contrast,
a large cohort study on Taiwanese HD patients
showed that lower dialysis dose increased the likelih-
ood of daytime sleepiness, RLS and sleep apnea.l*
Regarding dialysis shift, Hsu et al. found a beneficial
effect of evening HD, compared with morning and
afternoon HD, on sleep quality and reduction of day-
time symptoms,[*l while in another study, dialysis
shift was not associated with RLS.?5) Our ample was
not large enough for such comparison as we only had
one patient not receiving evening HD.

Regarding the underlying cause of ESRD/ concur-
rent diseases, three studies found®#*#4 and one study
did not found® any association between diabetes and
symptoms of RLS and one study also reported an asso-
ciation between hypertension and RLS in ESRD pa-
tients.?!l' There is ample of evidence showing the asso-
ciation of diabetes and hypertension as well as obesity
with RLS in general population, ! which indicates that
metabolic syndrome components play a significant role
in the development and progression of RLS.*¢ In our
study, higher BMI was independently associated with
higher risk of RLS; however, we did not find an associ-
ation of diabetes or hypertension with RLS which
might be attributed to the fact that in uremic patients
several other factors can also contribute to RLS symp-
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toms and our sample size was not large enough for a
comprehensive multivariate analysis.

Deficiencies in iron metabolism play a major role in
the pathogenesis of RLS.Yl However, previous studies
reported controversial results in ESRD patients. Some
studies showed the association of RLS with low iron
levels in uremic?’ as well as transplant patients.[*’! But,
similar to some other reports, 2229321 we found no asso-
ciation between serum iron level and risk of RLS. In
our study; however, higher levels of transferrin, indi-
cating an iron deficiency state, were associated with
higher risk of RLS. We also found lower transferrin
saturation in RLS compared with non-RLS cases. Low-
er transferrin saturation has been shown as an inde-
pendent risk factor for RLS in CRF patients with heart
failure,*] but another study in these patientsi*! and
also the study in HD patients did not confirmed this
finding.*?l The association of lower levels of ferritin
with RLS was not statistically significant in our study
which might be related to the small sample size or the
inflammatory processes increasing ferritin. Nonethe-
less, other studies also did not found an association in
this regards.l?2363841424] These inconsistent findings
reflect both limitations in diagnoses and the problems
assessing iron status in these patients, but overall indi-
cate a major role for iron status in RLS with dialysis.

Regarding the effect of iron supplementation on
RLS symptoms in ESRD patients, one study showed
that high-dose iron infusion results in a transient re-
duction in the symptoms of RLS in patients with
ESRD.1 Another study; however, on CRF patients
with heart failure did not find beneficial effects of EPO
and intravenous iron therapy on RLS symptoms.+!
While these findings are not conclusive, they warrant
the measurement of serum iron, ferritin, transferrin,
transferrin saturation and TIBC in patients with RLS
and appropriate therapy when results indicated an
iron deficiency state. Iron therapy may also be consi-
dered when ferritin levels are within normal range, as
patients with functional, but not absolute, iron defi-
ciency may still respond.™¥ Similar to other studies, we
found no association between folate or vitamin B2 and
RLS in uremic patients.246]

CONCLUSIONS

The results of the present study showed that RLS is
frequent in uremic patients on maintenance dialysis
and female gender, positive family history, and being
on HD were major risk factors for developing RLS in
these patients. We found that higher BMI and iron de-
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ficiency were associated with higher risk of RLS in pa-
tients on maintenance dialysis. Further studies with
larger sample size are required for better understand-
ing of RLS pathophysiology and thus possible treat-
ments in these patients.
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