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ABSTRACT

Restless leg syndrome (RLS) is a neurological menenisorder defined by an unpleasant sensatiotiénlegs,
especially during sitting and lying down. The airhtbis study was to evaluate the effect of vita@irand
comparing it with that of pramipexole in the treamh of RLS in patients undergoing hemodialysiss Huuble-
blind clinical trial was performed on 45 patientadergoing hemodialysis and met the diagnostic Gatproposed
by the International Restless Leg Syndrome Studyis(RLSSG) for RLS diagnosis. Patients were divid three
groups: pramipexole, vitamin C, and placebo, ancereed drugs daily for 8 weeks. Prior to the irtitka and after
the completion of the experiment, the scoring domsaire of the IRLSSG was completed for all thiéepds.Before
and after the intervention, the IRLS score in thee¢ groups of vitamin C, pramipexole and placelarew
24.73%7.06 and 12.2045.95( p <0.001), 26.83+7.50dal3.71+4.32( p <0.001), and 23.20+6.73 and 21.228.
(p=0.002).The three groups were not significawtifferent with regard to the IRLS scores prior lb@ intervention
(p=0.005). However, the Tukey’s test demonstratatl the vitamin C and placebo groups and the pramate and
placebo groups were significantly different regaglithe IRLS scores obtained after the interven{m«0.001),
(p=0.004), and the pramipexole group was not stigidly significantly different from the vitamin @roup
(p=0.77).Vitamin C was shown to be an inexpensaé and without serious adverse effects in skeontfollow-
up supplementation for treatment of RLS in hemgsigpatients.
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INTRODUCTION

Restless leg syndrome (RLS) is a neurological m@rerdisorder, commonly accompanied by sleep diserdde
syndrome is defined as an unpleasant sensatidreitegs, especially during sitting and lying dowhe sensation
mostly occurs deep in the medial surface betweerktfees and ankles (1).Prevalence of the syndrasdéen
reported to be 5-10%. The syndrome may occur abgey?). During recent years non-medication basetthiques
including physical and herbal agents have been atiaaily developed for the treatment of differergaiders.

The International Restless Legs Syndrome Study B(tRLSSG) has suggested the following clinicatesta for

diagnosis of RLS:
1.The uncomfortable and irritating sensation in ggslthat urges the individual to walk or move #sl|
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2.The symptoms emerge or aggravate at rest duritiggstr lying down in the bed and are relieved byving the
legs.

3.The symptoms are aggravated in the evening or nigipecially at rest.

4.The movement restlessness is observed as smalinalimhovements in the toes and calves and/ or sudden
twisting movements of the leg in the bed (3).

The etiology of the disorder is unknown. Howevemms pathophysiological mechanisms have been sweghést
the syndrome including the central nervous systésuarder(4), genetic factors , uremia , iron deficie , folate
deficiency, pregnancy , medications such as tricyahtidepressants and selective serotonin re-apitatibitors
(5),(6), as well as some chronic conditions inahgddiabetes, Parkinson's disease, peripheral netlmgprenal
failure, and hemodialysis (7). The prevalence ef $indrome in patients with chronic renal failusehigher than
that in the general population, ranging from 20%8@&6 (8), and the prevalence in patients undergbérgodialysis
has been reported in the range of 8.8-83%(9), (10).

For the treatment of RLS, different medicationshs@s dopamine agonists including cabergoline, pieieyo
ropinirole, pramipexole, carbidopa, levodopa, amadbapentin as well as opioids and benzodiazepines baen
used. Each of these medications is accompaniedspgéific success rate and, of course, some adeéfeses(11).
For instance, levodopa may aggravate the symptorseme patients. Dopamine agonists may be assdandth
some adverse effects such as nausea, fatigue, idesss headache, diarrhea, nasopharyngitis, oafimost
hypotension, and weight gain (12). In a study, 74%cthe patients experienced the adverse effectshef
medications; thus, prescription of the medicatidras some limitations in patients with underlying dial
conditions (13). Moreover, considering the comglaih nausea in hemodialysis patients, there arddtions in
using these medications for such patients. Thezetbe search for novel drugs with fewer adverfecesf has been
carried out. One of these candidate drugs is vita@i In hemodialysis patients, it has been dematestrthat
vitamin C has therapeutic effects in sleep disaded sensorimotor disorders such as leg cramps(14)

This is while vitamin C deficiency is observed ianmodialysis patients, which is associated withhigé oxidative
stress in these patients. Vitamin C has antioxigmaperty that is frequently used for preventivel dnerapeutic
purposes(15).

In this regard, and considering the limitationgpiescribing the available drugs, the present stuay performed to
evaluate the effect of vitamin C and compare ifeafwith pramipexole in the treatment of RLS intipats
undergoing hemodialysis.

MATERIALSAND METHODS

The current study is a double-blind clinical tnEdrformed in Ahvaz, Southwest Iran from May 2014udy 2014.

Forty-five patients in the age range of 18-80 yedds who regularly underwent hemodialysis, wereluded the
study based on diagnostic criteria proposed byrtternational Restless Leg Syndrome Study Grouph $IG) for

RLS diagnosis(16). The study protocol was approvedEthics Committee of Ahvaz Jundishapur University
Medical Sciences. (Code: ajums.REC.1392.236) Adl fatients signed an informed written consent ptior
participation in the study.

The exclusion criteria were having unstable viighs, being affected by an acute disease; takiegodihe tricyclic
antidepressants, selective serotonin re-uptakebitoh, dopamine antagonists, dopamine blockingemantic,
lithium, and hypnotic antihistamines(11); and hgvihe history of renal stone(17).

Totally, 134 hemodialysis patients were screenetidahpatients met the inclusion criteria, among mhwo were
unwilling to participate in the study. Forty fivatents were randomly assigned to three groupsiei®s in Group
A received pramipexole tablet (0.18 mg, daily), GydB received vitamin C tablet (250 mg daily), a@cbup C
received the placebo. The three groups were trdate8l weeks and the medications were administerex daily
two hours before going to bed.

All the medications were prepared by the FacultyPbarmacy of Ahvaz, Jundishapur University of Madic
Sciences, and provided in labeled bottles. Priomitiation and after the completion of the studlye scoring

guestionnaire from IRLSSG was completed for althaf patients. At the two stages, the items weredsly one

physician. The questionnaire included 10 itemshdaging scored in the range of 0-4. In generalh gegticipant

could be scored in the range of 0-40; the higherescindicated more severe states of the diso@lerfhe data

were gathered analyzed using SPSS 13.
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In case of normality, the data were analyzed ustegt, paired t-test, and analysis of variance QAM\); otherwise
the non-parametric test of Mann-Whitney and thesgjiare test were used.
The study was registered in IRCT. (Code: Irct20141IB451N1)

RESULTSAND DISCUSSION

Forty four individuals participated in the studyn@ang whom 15 (34%), 14 (32%), and 15 (34%) receiitamin
C, pramipexole, and placebo, respectively. Theetlyrmups were evaluated with regard to the condééxtariables
such as age, sex, and history of undergoing henysdigTables 1 and 2).

Duration of hemodialysis in the vitamin C, pramipkx and placebo groups were 2.30+1.78, 3.44+320],
2.14+1.76 years, respectively. The three group® wet significantly different in this respect (p205).

The IRLS score in the group that received vitaminw@s 24.73+7.06 and 12.20+5.95 before and after the
intervention (p<0.001). The IRLS score in the praemodle group was 26.83+7.51 and 13.71+4.32 befodeadter

the treatment, respectively (p<0.001). The scors 8#20+6.73 and 21.27+7.13 before and after #rivent in

the placebo group, respectively (p=0.002).

According to the results obtained from the analgdisariance (ANOVA), the three groups were nomngigantly
different with regard to the IRLS scores prior lte intervention (p=0.005). However, the Tukey’s tksmonstrated
that the vitamin C and placebo groups and the grexale and placebo groups were significantly défer
regarding the IRLS scores obtained after the istetion (p<0.001), (p=0.004). This is while the pijexole group
was not statistically significantly different frothe vitamin C group considering the mean IRLS ssaltained
after the intervention (p=0.77).

During the treatment in the pramipexole group, pagent was excluded because of severe nauseaaniting and
in one patient the drug dose was decreased byTHafe was no side effect in other groups.

The current study was performed to evaluate thecefff vitamin C and pramipexole in the treatmehR&S in
hemodialysis patients.

Zhang et al. performed a study on 167 patients ngoileg hemodialysis and 215 patients undergoingicoous

ambulatory peritoneal dialysis (CAPD). They repdrthat plasma vitamin C level decreased as a resudn

increase in the age and dialysis vintage in dialpsitients. Moreover, the plasma vitamin C leves$ ¥gaind to be
higher in female, as compared with male, patiel®3.(These findings collectively suggest that vita@ deficiency
may be associated with age and gender in pati€htss, any difference in terms of age and sex clmad to a bias
in the results.

The underlying pathophysiology of RLS is not fullynderstood. However, different mechanisms have been
suggested for the condition. An effective factor pathophysiology of the disease is dopaminergic
dysfunction(19).In this regard, administration afpdmine agonist agents and the medications incigasie
production of dopamine can be helpful in RLS treatin Vitamin C is one of the drugs which can bectffe
because it enhances the production of tyrosinedxytise in the brain(19), stimulating dopamine pcighn(11),
(14).

Another probable reason for the effectiveness @min C can be its antioxidant effect. Accordinglythe Zhang
et al. study carried out on 128 hemodialysis p&i¢reated with vitamin C (200 mg per day), it vdgsnonstrated
that vitamin C, at this dosage, can reduce the aikers of inflammation in these patients(18).

Wang and Miyata et al. study observed that theeeoimation of in vitro plasma ascorbic acid in uiepatients
decreased more rapidly (0.16% per min) than thandmal subjects (0.09% per min)(20), (21). Thisding
suggested that the uremic plasma consumes momminit@€ than the healthy plasma, which may be related
excessive toxin retention and metabolic acidosjs(28 vivo, the volume overload and bio-incompditip of
dialysis materials and non-sterile dialysate mag abntribute to the inflammatory condition (223).

Zhang hypothesized that vitamin C, as an electmmd had anti-oxidative effects, and its oral dapgentation
could improve the inflammatory status in hemodislysatients. Tarng et al(24) reported that the 8dGHevel of
cellular DNA, as an evaluative indicator of oxida&tiDNA damage in reactive oxygen species mediaszhdes, is
reduced after vitamin C supplementation for 8 weelahronic hemodialysis patients.
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Iron deficiency is one of the mechanisms suggefstethe underlying pathophysiology of RLS (5). Retcevidence
has shown that the plasma vitamin C level is padifi associated with levels of hemoglobin(25). Rras studies
show that the vitamin C supplementation improves tbsponsiveness to EPO in hemodialysis patientls wi
refractory anemia and hyperferritinemia(26). Vitan@ mobilizes storage iron by reducing ferric irgre+3) to
ferrous iron (Fe+2), including the portion of tissuon as hemosiderin(27), leading to an increfsealvailability of
iron and improved red blood cell production, thadiiectly leading to improved RLS symptoms.

Iron deficiency has, however, been implicated irSRhrough CSF, MRI, autopsy and genetic studied{p8)can
affect the dopaminergic system in several waysa#t been known as a cofactor for the tyrosine hydiase which
affects dopamine synthesis. Iron deficiency redutmgsaminergic D1 and D2 receptors in the caudatéens and
putamen(29). Iron deficiency also causes a decrieatiee density of the dopamine transporter andiced the
binding of dopamine to its receptors in the caudattamen and nucleus accumbens in rats(30).tisurprising
that the supplementation of iron to RLS patientthvow ferritin levels relieves the symptoms inedatively short
period of time. Therefore, vitamin C can enhananbimber of dopaminergic D1 and D2 receptors \Gaei@sing
the bioavailability of iron, and consequently impeche symptoms of restless leg syndrome.

Novel mechanistic insights into vitamin C in patemn dialysis are being elucidated. For exampigh-dose
vitamin C has been shown to ameliorate dialysis@iaged blood reactive oxygen species and totabxidant
score, decrease peroxidation of plasma lipid ardl cell membranes, and reduce hemolysis and levkls o
proinflammatory cytokines(31). Vitamin C adminidgiom also leads to shifts in several polypeptiddEntified in
proteomic analysis from abnormal expression leeblserved in patients on dialysis toward the exjpmaskevels
seen in normal controls(32).

Moreover, the level of vitamin C is usually low the hemodialysis patients, attributed to its lossird
hemodialysis(33)and limited use of some food sushfrash fruits and vegetables rich in vitamin Cateid
hypokalemia in the patients(34).In this regardsénhpatients require receiving vitamin C supplentena

In the present study, the IRLS score confirmed sigvef RLS. In the group that received vitamint@e difference
between the pre- and post-intervention scores wasiderable. This indicates the positive effecvitdmin C in
reducing the symptoms of RLS.

Table 1: Demographic characteristics of patients

. Groups
Variable Vitamin C | Pramipexole Placebo P
Sex Male 5(33.3%) 5(35.7%) 10(66.7%) 012
Female| 10(66.7%) 9(64.3%) 5(33.3%)
Age 53.13+9.52 56.58+13.19 58.53+7[7/6 0|34
Table 2: Mean and standard deviation of the participants with regard to the contextual variablesin thethree
groups
Groups

Variable | Vitamin C | Pramipexole Placebo

Mean+SD| Mean+SD| Mean*SD

BUN | 49.00+14.10 49.17+16.04 48.33+10.89 P=0,98
Hb 9.21+1.21 9.07+1.72) 10.07+1.11 P=011

Sagheb et al evaluated the effect of supplementatith vitamin C (200 mg/d), vitamin E, and a comdtion of the
vitamins in RLS treatment in 60 hemodialysis paseifhey reported that vitamin C reduced the IRt&e in the
patients (34). Our results are in agreement withtwiey have reported.

Moreover, in the present study, the different tReS$ scores before and after the treatment was deratile in the
pramipexole group.

Miranda et al administered pramipexole initial dage0.125 mg/d 2 hours prior to bedtime to relighie RLS

symptoms in uremic patients who underwent hemosisuy hey followed the patients for 8 months onrage and
reported positive results of the treatment, whicha@nsistent with our findings (35).
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Pellecchia et al compared the effectiveness ohiage, a dopamine agonist, with levodopa in treattrof the RLS
in hemodialysis patients. They reported that raplei improved the IRLS score and was more effecthamn
levodopa (36).

In this study, we observed the effectiveness aimih C and that of pramipexole were the same ievielg the
symptoms of IRLS.

administration of pramipexole is accompanied widrious adverse effects including nausea, vomitfatigue,
drowsiness, orthostatic hypotension, insomnia, tjpaison, asthenia, hallucinations, extrapyramidghdrome,
accidental injury, dream abnormalities, confusiodystonia, gait abnormality, hypertonia, dry mousimnesia,
urinary frequency, peripheral leg edema, somnolerteeadache, diarrhea, nasopharyngitis, and wejgint (37).
These adverse effects are observed in many patients

This is while hemodialysis patients experience mafiyrese complications in their course of dised$eés indicates
that the administration of vitamin C, which lackse$e adverse effects, is preferred in these patiamd the
shortterm vitamin supplementation in the present trishswwell tolerated in our patients. Moreover, no
vitamin-related side effect, including urinary stone forimat was seen during the trials.

The compassion of vitamin C and pramipexole inttremt of RLS has not been carried out so far. nitéition of
the present study was the small sample size thdtl ¢ofluence the results. Another limitation tonsader was the
short-time follows up period because some studiege hshown that long-term use of vitamin C can pcedu
hyperoxaluria, oxalate containing urinary stones eenal damage (21).

Thus, considering the positive effect of vitaminnCthe relief of the RLS symptoms, carrying outimikar study
with larger sample size and longer follow up isgegjed.

CONCLUSION

Vitamin C was shown to be an effective and saf@lkupentation for the treatment of RLS in hemodialpatients.
The treatment was not accompanied with serious radveffects in short-term follow up. Therefore, the
supplementation could be considered as an alteenatiadditive treatment to the conventional treatts available.
To evaluate the safety and effectiveness of theigaidn, further studies with larger sample sizd kbmger follow
up period is required.
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