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Prevalence and Features Associated With Restless Leg Syndrome in Postmenopausal
Females
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Summary

Background: Animal and human studies have shown that estrogen modulates dopaminergic
activity. The hypoestrogenic state associated with menopause, characterized by a decreased
ovarian follicular response to gonadotropins and estrogen, affects the nervous system at
multiple anatomical or functional sites.

Aims: We investigated the prevalence of restless leg syndrome (RLS) in postmenopausal
females and assessed the relationship between RLS and the clinical features of menopause.
Methods: We enrolled 523 menopausal females in the study. Of those, 334 (63.86%) did not
meet the inclusion criteria and were excluded. Of the remaining 189 postmenopausal patients,
73 met all of the diagnostic criteria for RLS; however, 47 of those had at least one factor
related to secondary RLS and were excluded from the study. The remaining 26 (18.3%)
postmenopausal patients with idiopathic RLS were categorized as group 1. The control group
included 56 postmenopausal females free of RLS and matched by age (+2 years) to group 1.
Results: Onset age of menopause was earlier and surgical menopause was more frequent in
group 1. The Pearson's correlation test revealed a strong and significant correlation between
the onset ages of menopause and RLS.

Conclusions: Estrogen receptors are widely distributed throughout the central and peripheral
nervous systems. Estrogen modulates dopaminergic activity in the nigrostriatal system.
Menopause is characterized by hypoestrogenemia, and may be a risk factor for the
development or worsening of RLS symptoms.
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Postmenopozal Dénemdeki Kadinlarda Restless Legs Sendromunun Prevalansi ve
Hiskili Ozellikler

Ozet

Amag: Insan ve hayvan calismalar1 dstrojenin dopaminerjik aktiviteyi degistirebilecegini
gostermistir. Ovaryan follekiilerin gonadotropinler ve Ostrojene verdigi yanitin azalmasiyla
karakterize menopoz doneminde, hipodstrojenemik durumun sinir sistemini pek ¢cok anatomik
ve fonksiyonel bolgede etkileyebilecegi kabul edilir. Caligmamizin amaci postmenopozal
donemdeki kadinlarda Restless Legs Sendromunun (RLS) sikligin1 degerlendirmektir. Ayrica
menopozun klinik 6zellikleriyle RLS arasindaki iliskiyi de arastirdik.

Yontem: Bu ¢alismaya menopoz doneminde olan 523 kadin dahil edildi. 334 (63.86%) kadin
bu calismada kullanilan kriterleri karsilamadig: i¢in ¢alismadan ¢ikarildi. Sonug olarak 189
postmenopozal donemdeki kadin degerlendirildi. Bunlar i¢inde 73'ii RLS'nun tiim kriterlerini
karsiliyordu. Bunlarin 26'sinda RLS'nin sekonder nedenlerinden en az biri vardi. Bu nedenle
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bu hastalarda elendi. 142 hastanin 26's1 (18.3%) RLS'ye neden olan herhangi bir faktor
tasimiyordu. Bu hastalar grup 1 olarak siniflandi. Kontrol grubu, bu grubla benzer yasta (+2),
RLS semptomlar1 olmayan 56 postmenopozal kadindan olustu.

Bulgular: Grup 1 hastalarinda menopoz baslama yas1 daha erken ve cerrahi menopoz ¢ok
daha yiiksek orandaydi. Menopoz baglama yaslariyla RLS arasinda giiclii ve anlaml

korelasyon vardi.

Tartisma: Sinir sisteminin hem santral hemde periferik kismi yaygin olarak Ostrojen

reseptorii  icermektedir.  Ostrojen,

nigrostriatal

sistemde  dopaminerjik  aktiviteyi

degistirebilmektedir. Hipoostrojenemi ile karakterize menopoz donemi, RLS semptomlarini
baslatan yada kotiilestiren bir risk faktorii olarak olabilir.

Anahtar Kelimeler: Menopoz, Restless Legs sendromu, dstrojen, hipodstrojenemi

INTRODUCTION

Restless leg syndrome (RLS) is a common

sensorimotor disorder with a female
preponderance  and an  increasing
prevalence with age"?. RLS may be

idiopathic or secondary. Idiopathic RLS
appears to run in families, suggesting a
genetic basis for the syndrome®*'".
Secondary RLS may be associated with
various diseases such as iron deficiency
(with  or without anemia), uremia,
pregnancy, rheumatoid arthritis, and
several neurological conditions'".

The  pathophysiological
underlying RLS are not unknown;
however, most investigations of the
condition have focused on the dopamine
and iron systems'"”. The more than 90%
efficacy rate of levodopa for RLS is the
primary basis for the dopaminergic
hypothesis. Several radiographic
techniques have been used to examine the
involvement of the dopamine system in
RLS, including positron  emission
tomography, magnetic resonance imaging
(MRI), and single-photon  emission
computed tomography (CT). Although the
results are mixed, support exists for
involvement of the  dopaminergic

nigrostriatal loop'®.

mechanisms

Human and animal studies indicate that
estrogen modulates dopaminergic activity.
Estrogen may influence  dopamine
synthesis, metabolism, and transport;
however, no consensus exists as to the
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direction, locus, or mechanism of the effect
of the hormone on the dopaminergic
system, and the relationship is likely to be
complex 11729

Estrogen receptors are distributed widely
throughout the central and peripheral

nervous systems -1 %11621:22) Thus,
hypoestrogenism after menopause,
characterized by decreased ovarian

follicular responsiveness to gonadotropins
and estrogen''?), affects the nervous system
at multiple anatomical and functional sites.

Although RLS has been studied in a wide
range of settings, including clinical trials,
population-based studies, patient support
groups, and patient and family registries,
few studies have evaluated the effect of
menopause on RLS!?.

Our study investigated the prevalence of
RLS in postmenopausal females and
assessed the relationship between RLS and
clinical features of menopause.

MATERIAL AND METHODS

We enrolled 523 consecutive
postmenopausal females who attended the
Obstetrics and  Gynecology  Disease
outpatient clinic of the medical faculty at
our university.

The study was performed in accordance
with the Helsinki Declaration. The patients
were given a detailed explanation of the
study and all provided written informed
consent.
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Case evaluations

Menopause was defined as cessation of
menses for >12 continuous months as
ascertained by self-report. The gynecologic
exclusion criteria were: gynecologic or
non-gynecologic malignancies, currently
undergoing chemotherapy or radiotherapy
treatment, peripheral vascular disease, and
currently taking or had taken hormone
replacement therapy for >6 months.

The patients were evaluated in two phases.
In the first phase, RLS was diagnosed
according to the criteria proposed by the
International Restless Leg Syndrome Study
Group (IRLSSG)®: 1. an urge to move the
legs, 2. relief of symptoms by movement,
3. worsening of symptoms when at rest,
and 4. circadian variation in the urge to
move with the most severe symptoms
during the evening or night. Only patients
who fulfilled all four criteria were included
in the study.

In the second phase, the patients diagnosed
with RLS were assessed for factors related
to secondary RLS, and each patient
underwent a neurological examination.

Biochemical tests (measurement of
erythrocyte sedimentation rate, hemogram,
glucose, transaminases, urea, creatinine,
protein electrophoresis, iron levels, thyroid
function test, and urine analysis) were
performed to exclude causes of secondary
RLS.

We excluded patients with a history of
familial RLS, diabetes mellitus, uremia,
anemia, iron deficiency, rheumatoid
arthritis, caffeine and alcohol abuse,
malnutrition, a chronic systemic disease,
peripheral neuropathy, radiculopathy or
myelopathy, spinal cord compression,
multiple sclerosis, Parkinson's disease, and
using drugs such as metoclopramide,
neuroleptics, tricyclic antidepressants, and
serotonin reuptake inhibitors.

Patients meeting the inclusion criteria were
designated as group 1.
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Control subjects

The control group consisted of
postmenopausal females without RLS or
neurological and gynecological conditions.
The inclusion and exclusion criteria for the
control group were the same as those used
for the patient group.

We used a structured questionnaire to
assess sociodemographic characteristics
including age, marital status, occupation,
education, and number of pregnancies;
reproductive history including age at
menarche, age at menopause, and type of
menopause (natural or surgical); body
mass index (BMI), and iron levels.
Menopause was classified as natural when
there was no procedure causing the
cessation of menses.

Statistical analysis

The Statistical Package for the Social
Sciences version 15 (SPSS Inc., Chicago,
IL, USA) was used to conduct the

statistical tests, and the results are
expressed as the  meanststandard
deviations. Continuous variables were

compared between groups using t-tests for
independent samples. Non-parametric data
were compared using Fisher's exact test or
the likelihood ratio chi-square test. The
hypothesis test was used to compare two
proportions of independent samples
between groups. Pearson's correlation test
was used to establish the relationship
between the ages at onset of RLS and
menopause. P-values <0.05 were deemed
to indicate statistical significance.

RESULTS

A total of 523 females with symptoms of
menopause attended the Obstetrics and
Gynecology Department during the study
period. Of those, 334 (63.86%) did not
meet the gynecologic inclusion criteria and
were subsequently excluded. Thus, we
evaluated 189 postmenopausal patients. Of
those, 73 (38.62%) met all of the
diagnostic criteria for RLS; however, 47 of
those had at least one factor related to
secondary RLS and were excluded from
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the study. The remaining 26 (18.3%)
postmenopausal patients with idiopathic
RLS were categorized as group 1. The
control group was selected from the 116
postmenopausal patients without idiopathic
or secondary RLS.

The mean age of the patients in group 1
was 55.12 + 7.59 years and that of the 116
patients without RLS was 61.45 + 9.36
years (t = -3.671, p = 0.001). Because age
was significantly different between the
groups, the control subjects were matched
by age (£2 years). Thus, the control group
comprised a total of 56 postmenopausal
patients.

Sociodemographic characteristics

We found no significant difference in age,
marital status, education, occupation, or
number of pregnancies between the
groups. The sociodemographic
characteristics of the groups are shown
Table 1. The mean ages of group 1 and the

control group were 55.12 £ 7.59 (range:
38-75) and 53.66 + 6.69 (range: 40-75)
years, respectively (t = 0.877, p = 0.383;
Table 2).

Comparison of reproductive
characteristics, iron levels, and BMI

The groups were similar in terms of age at
menarche, iron levels, and BMI. The onset
age of menopause was earlier (t =-4,204, p
< 0.001) and surgical menopause was more
frequent (x> = 6.337, p = 0.012) in group 1
than in the control group. The reproductive
characteristics, iron levels, and BMI
according to group are shown in Table 2.
In group 1, the mean age at menopause
onset was 47.23 + 5.47 and mean age at
RLS onset was 51.8 + 56.28 years.
Pearson's correlation test revealed a strong
and significant correlation between the
onset ages of menopause and RLS (r =
0.772, p=0.001).

Table 1. Sociodemographic characteristics according to group.

Group 1
Parameter (n=26)
n %
Marital status ~ Married 22 84.6
Single 3 11.5
Other 1 3.8
Occupation Working 9 34.6
Not working 17 65.4
Education No education 4 15.4
Primary school 8 30.8
Secondary school 11 42.3
High school 1 3.8
University 2 7.7
Nulliparous 5 19.2
Parity 1-3 15 57.7
>4 6 12

Control group

(n=156) x? p-value
n %

48 85.7

6 10.7 0.017 0.992
2 3.6

26 46.4

30 36 0.588 0.443
6 10.7

20 35.7

20 35.7 1.132 0.886
4 7.1

6 10.7

13 232

29 51.8 0.271 0.873
14 25
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Table 2. Reproductive characteristics, iron levels, and body mass index according to group.

Parameter Group 1 Control group t p-value
Mean + SD (n=26) (n=156)
Age (y) 55.12+7.59 53.66 + 6.69 0.877 0.383
Age at menarche (y) 13.15 £1.66 12.39 +£1.77 0.069 0.761
Age at menopause (y) 47.23 £5.47 52.23£4.79 -4.204  <0.001
Iron levels 75.61 £16.60  73.53 £ 16.65 0.527 0.600
(ng/dL)
Body mass index 30.15+6.31 29.29+5.29 0.649 0.518
Type of natural vs. 15/11 0.012*
menopause

surgical 48/8

* Fisher’s exact chi-square test.

DISCUSSION

The prevalence of RLS was 18.3% in
postmenopausal females with no secondary
RLS factors in our study. The worldwide
prevalence of RLS is estimated to be
between 1 and 15%®. A higher-than-
normal prevalence (20-30%) of RLS has
been reported in patients with anemia,
uremia, neuropathies, multiple sclerosis,
and rheumatoid arthritis®'®. Furthermore,
based on the results of five
epidemiological studies, the rate of RLS in
pregnant females is between 11 and
27% "% However, the only study carried
out using the IRLSSG criteria found the
prevalence of RLS to be 18.3%%.

We used several inclusion and exclusion
criteria to obtain a highly selected group of
cases with idiopathic RLS so that potential
effects of menopause would be related to
idiopathic rather than secondary RLS.
Although our inclusion criteria were strict,
the prevalence of RLS in our study was
higher than that reported in previous
community-based  studies and  was
comparable to the rate among females
during pregnancy.

The age at menopause onset was earlier in
patients with RLS than in the control
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group, and we found a strong, significant
positive correlation between the onset ages
of RLS and menopause.

These  findings  suggest that the
etiopathogenetic mechanism underlying
the correlation between RLS and
menopause may involve a neurobiological
interaction between estrogen and the
dopaminergic system. Our finding is
supported by previous studies linking
nigrostriatal dopaminergic activity and
RLS and others showing an interaction
between estrogen and the nigrostriatal
dopaminergic system.

Furthermore, intracortical disinhibition of
foot and hand muscles in patients with
RLS suggests that the nigrostriatal
dopaminergic system (A8 and A9) may be
involved in motor excitation®. However,
the higher frequency of symptoms in lower
extremities than in regions, such as the
face, suggest that other dopaminergic
systems, such as the mesocorticolimbic
system (A10 system), located in the caudal
of pons or spinal cord may play a role in
RLS“Y.  Furthermore, the diencephalic
dopamine neurons (All group) a
significant source of CNS dopamine, may
be involved in the pathogenesis of RLS.
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Although the exact role of this system is
not known, the diencephalic dopaminergic
neurons are involved in nociceptive
control, and disinhibition of the All
neurons, which normally suppress sensory
input, may explain the pain reported by
patients with RLS®.

We found no significant difference
between groups in the frequency of natural
menopause (gradual decline in estrogen
levels; group 1:15/26; 62.5%; control
group: 48/56; 85.71.1%). However, the
rate of surgical menopause (abrupt decline
in estrogen levels) was significantly higher
in group 1 than in the control group (group
1: 11/26, 42.3%; control group: 8/56;
14.3%). These findings suggest that
surgical menopause, which causes sudden
hypoestrogenism, may be related to the
increased risk of RLS in postmenopausal
females.

Evidence from animal experiments
suggests  that  estrogen  modulates
dopaminergic activity in the nigrostriatal
system". Estrogen receptors are located in
brainstem dopaminergic neurons, and
several possible estrogen targets have been
identified in the nigrostriatal dopaminergic
system. Furthermore, investigations of
amphetamine-stimulated dopamine release
have found estrogen-dependent variations
in basal extracellular concentrations of
striatal dopamine and in striatal dopamine-
mediated behaviors. Most of these
experiments were performed in
ovariectomized female rats receiving
potent estrogen, estradiol, or estradiol
benzoate treatment. Estrogens increase
dopamine concentration by increasing
tyrosine  hydroxylase  activity  and
inhibiting dopamine breakdown, or by
increasing dopamine receptor density.
Additionally, estrogen may modulate
dopamine levels by altering monoamine
oxidase (MAO) or catechol-O-
methyltransferase (COMT) enzyme
activity.  Furthermore, estrogen may
provide neuroprotection by inhibiting
dopamine transporter function, increasing
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mitochondrial activity, and acting as an
antioxidant. Alternatively, estrogen may
directly suppress dopaminergic function by
shifting D2-dopamine receptors from a
high- to low-affinity state or indirectly via
prolactin release, which has an inhibitory

effect on the dopaminergic system®.

Low estrogen levels after menopause have
a long-term cumulative effect on many
tissues''”. Estrogen receptors are widely
distributed throughout the central and
peripheral nervous systems®'%!>1621:22)
As a result, the hypoestrogenic state that
characterizes menopause may affect the
nervous system. Postmenopausal females
do not experience absolute estrogen
deficiency in the peripheral nervous system
because adrenal and ovarian androgens are
aromatized to estrogen''”. As a result, the
effects of menopause differ among
individual females.

Our findings, together with those of
previous investigations of the
neurobiological  interactions  between
estrogen and the nigrostriatal dopaminergic
system, suggest that hypoestrogenemia
may contribute to the development of RLS

in menopausal females.

To our knowledge, no previous descriptive
study has assessed the relationship between
menopause and RLS. Furthermore, a
retrospective study of female patients with
RLS found that the majority of patients
(69%) reported an increase in the severity
of RLS symptoms following menopause,
despite being on hormone replacement

therapy®.

Our study had several limitations. First, we
used self-reported data for age at
menopause, which may have been subject
to recall bias. Second, previous studies
have shown that the prevalence of RLS
increased in males and females between
the ages of 50 and 60 years, with a marked
increase with age in females"?. Our
patient group comprised subjects older
than 50 years of age; thus, age may have a
contributed to the high RLS prevalence in
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our study. Third, we made a hospital-based
study. The prevalence value determined in
our study may be different than that of
community-based studies. Furthermore, we
compared serum iron, but not serum
ferritin, levels in group 1 and the control

group.

Despite these limitations, our study had
several strengths. First, our primary goal
was to assess the frequency of RLS in
postmenopausal females. We found an
increased frequency of RLS in this special
population. Second, we enrolled a
relatively large number of postmenopausal
subjects. Third, to our knowledge, our
study is the first investigation of the
prevalence and associated features of RLS
in postmenopausal females.

We conclude that a high proportion of
postmenopausal females experience RLS,
particularly those with early onset of
menopause  or  surgically  induced
menopause. Estrogen modulates
dopaminergic activity in the nigrostriatal
system. Menopause is characterized by
hypoestrogenemia and may be a risk factor
for the development of or worsening RLS
symptoms. Larger epidemiological,
neurophysiological, and neuroradiological
studies are needed to verify the degree of
risk and further characterize the
relationship between RLS and
hypoestrogenemia.

Correspondence to:
Yiiksel Kaplan
E-mail: yukselkablan@yahoo.com

Received by: 24 March 2014
Revised by: 05 June 2014
Accepted: 15 July 2014

The Online Journal of Neurological
Sciences (Turkish) 1984-2014
This e-journal is run by Ege University

Faculty of Medicine,

Dept. of Neurological Surgery, Bornova,
Izmir-35100TR

as part of the Ege Neurological Surgery
World Wide Web service.

Comments and feedback:

E-mail: editor@)jns.dergisi.org

URL: http://www.jns.dergisi.org

Journal of Neurological Sciences (Turkish)
Abbr: J. Neurol. Sci.[Turk]

ISSNe 1302-1664

REFERENCES

1. Allen RP, Earley CJ. Restless legs syndrome: a
review of clinical and pathophysiologic
features. J Clin Neurophysiol 2001;18:128—
147.

2. Allen RP, Picchietti D, Hening WA,
Trenkwalder C, Walters AS, Montplaisi J,
Restless Legs Syndrome Diagnosis and
Epidemiology workshop at the National
Institutes of Health; International Restless Legs
Syndrome  Study  Group. Restless legs
syndrome:  Diagnostic  criteria,  special
considerations, and epidemiology. A report
from the restless legs syndrome diagnosis and
epidemiology workshop at the National
Institute of Health. Sleep Med 2003;4:101—-119.

3. Cui S, Goldstein RS. Expression of estrogen
receptors in the dorsal root ganglia of the chick
embryo. Brain Res 2000,882:236—240.

4. Disshon KA, Boja JW, Dluzen DE. Inhibition of
striatal  dopamine transporter activity by
17beta-estradiol. Eur J Pharmacol
1998;345:207-211.

5. Ellrich J, Treede RD. Convergence of
nociceptive and non-nociceptive inputs onto
spinal reflex pathways to the tibialis anterior
muscle in  humans. Acta Physiol Scand
1998,;163:391-401.

6. Gamaldo CE, Earley CJ. Restless legs
syndrome: a  clinical  update.  Chest
2006,130:1596—-1604.

7. Garcia-Borreguero D, Larrosa O, de la Llave
Y. Circadian aspects in the pathophysiology of
the restless legs syndrome. Sleep Med 2002, 3;
S17-21.

8. Ghorayeb I, Bioulac B, Scribans C, Tison F.
Perceived severity of restless legs syndrome
across the female life cycle. Sleep Med
2008,9:799-802.

9. Horstink MW, Strijks E, Dluzen DE. Estrogen
and Parkinson's disease. Adv Neurol 2003, 91:
107-114.

10. Hurd WW, Amesse LS, Randolph JF.
Menopause. In: Novak's Gynecology. Berek
Jonathan S. editor. 13th Ed. Turkish
Translation, Istanbul, Nobel Book Company,
2004, pp. 1109-1139.



J.Neurol.Sci.[Turk]

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kaplan Y, Inonu H, Yilmaz A, Ocal S. Restless
legs syndrome in patients with chronic
obstructive pulmonary disease. Can J Neurol
Sci 2008,35:352-357.

Liu J, Chen D, Goldstein RS, Cui S. Effect of
male and female sex steroids on the
development of normal and the transient
Froriep's dorsal root ganglia of the chick
embryo.  Brain Res Dev Brain Res
2005;155:14-25.

Manconi M, Govoni V, De Vito A, Economou
NT, Cesnik E, Mollica G, Granieri E.
Pregnancy as a risk factor for restless legs
syndrome. Sleep Med 2004,;5:305-308.
Manconi M, Ulfberg J, Berger K, Ghorayeb I,
Wesstrom J, Fulda S, Allen RP, Pollmdcher T.
When gender matters: restless legs syndrome.
Report of the "RLS and woman" workshop
endorsed by the European RLS Study Group.
Sleep Med Rev 2012;16:297-307.

Papka RE, Storey-Workley M, Shughrue PJ,
Merchenthaler 1, Collins JJ, Usip S, Saunders
PT, Shupnik M. Estrogen receptor-alpha and
beta-immunoreactivity and mRNA in neurons of
sensory and autonomic ganglia and spinal
cord. Cell Tissue Res 2001;304:193-214.
Papka RE, Mowa CN. Estrogen receptors in
the spinal cord, semsory ganglia, and pelvic
autonomic ganglia. Int Rev Cytol 2003;231:91—
127.

Pasqualini C, Olivier V, Guibert B, Frain O,
Leviel V. Acute stimulatory effect of estradiol
on striatal dopamine synthesis. J Neurochem
1995;65:1651-1657.

Rijsman RM, de Weerd AW. Secondary
periodic limb movement disorder and restless
legs syndrome. Sleep Med Rev 1999;3:147—
158.

Popat RA, Van Den Eeden SK, Tanner CM,
McGuire V, Bernstein AL, Bloch DA, Leimpeter
A, Nelson LM. Effect of reproductive factors
and postmenopausal hormone use on the risk of
Parkinson disease. Neurology 2005;65:383—
390.

Rye DB, Bliwise DL. Movement Disorders:
neurologic principles and practice. In:Watts
RL, Koller WC, editors. Movement disorder
specific to sleep and nocturnal manifestation of
waking movement disorder. 2nd ed. New York,
McGraw Hill, 2004, pp. 855-890.

Schipper HM. Sex hormones and the Nervous
system. In: Aminoff JM, editor. Neurology and
General Medicine. 3rd ed. New York, Churchill
Livingstone, 2001, pp. 365-382.

Zoubina EV, Smith PG. Distributions of
estrogen receptors alpha and beta in
sympathetic neurons of female rats: enriched
expression by uterine innervation. J Neurobiol
2002;52:14-23.

Tergau F, Wischer S, Paulus W. Motor system
excitability in patients with restless legs
syndrome. Neurology 1999;52:1060-1063.
Walters, AS. Toward a better definition of the
restless legs syndrome. The International
Restless Legs Syndrome Study Group. Mov
Disord 1995;10:634-642.

585

25. Xie T, Ho SL, Ramsden D. Characterization

and implications of estrogenic down-regulation
of human catechol-O-methyltransferase gene
transcription. Mol Pharmacol 1999;56:31-38.



