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Abstract
Restless legs syndrome (RLS) has gained considerable attention in the recent years: nearly 50
community-based studies have been published in the last decade around the world. The
development of strict diagnostic criteria in 1995 and their revision in 2003 helped to stimulate
research interest on this syndrome. In community-based surveys, RLS has been studied as: (1) a
symptom only, (2) a set of symptoms meeting minimal diagnostic criteria of the IRLSSG, (3)
meeting minimal criteria accompanied with a specific frequency and/or severity, and (4) a
differential diagnosis. In the first case, prevalence estimates in the general adult population ranged
from 9.4% to 15%. In the second case, prevalence ranged from 3.9% to 14.3%. When frequency/
severity is added, prevalence ranged from 2.2% to 7.9% and when differential diagnosis is applied
prevalence estimates are between 1.9% and 4.6%. In all instances, RLS prevalence is higher in
women than in men. It also increases with age in European and North American countries but not
in Asian countries. Symptoms of anxiety and depression have been consistently associated with
RLS. Overall, individuals with RLS have a poorer health than non-RLS but evidence for specific
disease associations is mixed. Future epidemiological studies should focus on systematically
adding frequency and severity in the definition of the syndrome in order to minimize the inclusion
of cases mimicking RLS.
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1. INTRODUCTION
Restless Legs Syndrome (RLS) was first depicted in 1685 by Sir Thomas Willis, an English
physician, in a sharp description of patients who cannot fall asleep because of ⪡leapings and

© 2011 Elsevier Ltd. All rights reserved

Address correspondence and requests for reprints to: Maurice M. Ohayon, M.D., D.Sc., Ph.D. Stanford Sleep Epidemiology Research
Center Stanford University School of Medicine 3430 W. Bayshore Road Palo Alto, CA 94303 USA Tel: 650-494-1137 Fax:
650-947-9813 mohayon@stanford.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Sleep Med Rev. Author manuscript; available in PMC 2013 August 01.

Published in final edited form as:
Sleep Med Rev. 2012 August ; 16(4): 283–295. doi:10.1016/j.smrv.2011.05.002.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



contractions⪢ of the arms and legs. Sir Willis wrote that ⪡restlessness and tossing⪢ could
be so severe that the patients ⪡are no more able to sleep than if they were in a place of a
greatest torture⪢ (1). In the nineteen century, RLS was termed as ⪡anxietas tibiarum⪢ in
Germany by Wittmaack (2). It was in 1945, while studying a group of eight patients, that the
Swedish neurologist Karl-Axel Ekbom coined the term “Restless-Legs syndrome,”
apparently unaware of Willis' previous description indicating the syndrome could also
involve the upper extremities (3).

RLS is a sleep disorder affecting a significant portion of the general population. The
syndrome has a strong family component, and several comorbid conditions may be
associated with RLS. Research over the past 10 years has highlighted its heritability and has
shed some interesting light to this disorder.

Clinically, RLS is characterized by disagreeable leg sensations occurring most often at sleep
onset that provoke an irresistible urge to move the legs. Patients with RLS typically
complain of itching, creeping, tingling in their legs, usually between the ankle and the knee.
These unpleasant sensations occur when the individual is at rest and are more pronounced in
the evening or at night. The unpleasant sensations are relieved temporarily with leg
movements.

Here we review the data-based publications on the epidemiology of RLS in the general
population and in primary care settings including RLS's impact as a disorder or comorbid
condition and provide a synthesis of the available literature.

2. METHODOLOGY
The articles utilized in this review included only peer-reviewed original studies published
between 1994 and 2010 and written in English, French or Spanish. Databases searched were
PubMed, PsycInfo, and PsycArticles. Search terms were “Restless leg” with “community”
or “epidemiology,” or “primary care.” The search returned a total of 653 peer-reviewed
articles In addition, references cited in retrieved articles were screened for additional reports.

The inclusion criteria were:

- Articles had to assess RLS based on either 1) a single question, 2) IRLSSG
criteria of 1995, 3) IRLSSG criteria of 2003, 4) other RLS diagnostic criteria
available at the time of the study.

- The study has to be conducted either in general populations or in primary care
practices. Studies targeting specific segments of the population (for example,
specific age groups or sex) were retained as long as they were designed to be
representative of the targeted population.

The exclusion criteria were:

- Articles targeting specific sub-groups of the general population (for example,
medical students, policemen, etc) with the exception of pregnant women.

- Studies published only in an abstract form.

- Sample size below 300 participants.

- Studies with non-representative samples.

Articles published using the same sample were counted as a single study although
information to describe the sample and methodology could come from different articles
associated with that specific study sample.
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3. RESULTS
In the last 10 years, there has been a surge in the evaluation of RLS in the general
population. 47 studies of the general population were utilized in this review. Before 2000,
there was only one epidemiological study published on RLS. Nine were published between
2000 and 2004. The number increased to 27 articles between 2005 and 2009 with a further
10 articles appearing in 2010 alone. In primary care practice, 9 studies were retained. Three
were done between 2000 and 2004; 4 between 2005 and 2009 and 2 were published in 2010.

Prevalence estimates of RLS were obtained using either 1) a single question (nine studies),
2) diagnostic criteria proposed by the International Restless Legs Syndrome Study Group
(IRLSSG) (4) in 1995 (10 studies) or the revised diagnostic criteria published in 2003 (5)
(25 studies) or 3) diagnostic criteria such as ICSD criteria (1 study). Differential diagnosis
was applied in 10 out of 47 studies conducted in the general population. Table 1 presents a
detailed list of general population studies including the year published, country of the study,
age range, participation rate, criteria used, if prevalence is based on differential diagnosis,
prevalence and how RLS was assessed.

3.1. Symptoms, syndrome, diagnosis prevalence
3.1.1 RLS as a symptom—Studies using a single question to assess the prevalence of
RLS in the adult general population aged 18 to 20 years and older have reported prevalence
ranging between 9.4% and 15% (6–8) with the exception of a Japanese study (9) that found
a lower prevalence rate (around 5%). Five other studies have used older adult samples (40
years and older); three of them had restricted age ranges (11,12,14). In these older adult
samples, prevalence of RLS is higher in two studies: 23% and 18% (13,14). The prevalence
is between 7.1% and 12.1% for the three other studies. Many of these single-question studies
had not aimed specifically at assessing RLS, or even sleep disorders. In some cases, the
question used lacked specificity (For example, having restless legs or bothersome twitches),
which, not surprisingly, yielded higher prevalences. In other cases, the question was so
complex that it is not clear whether participants even understood what was being asked (For
example, “Have you ever suffered from restless legs? By restless legs, we mean unpleasant
feelings (often hard to describe) in the legs at rest (such as lying or sitting), especially when
going to bed, which urge you to move your legs or walk.”)

3.1.2 RLS criteria—Thirty-five studies (14,17–34,36,37,42–48,53–58,61,62,92,93) have
used the IRLSSG diagnostic criteria in the general population (see Table 1); Seven of these
studies used samples of individuals at least 50 years of age (18,28,30,32,36,44,92). Eight
studies also applied some differential diagnosis rules (17,29,37,34,36,42,45,92). This section
described the results of epidemiological studies for which the comorbidities and causes are
unknown. Therefore, RLS prevalence rates include altogether idiopathic and secondary
RLS. It is also likely that negative cases mimicking symptoms similar to RLS are also
included.

General population studies: In studies where IRLSSG criteria were used without
differential diagnoses, with comparable age ranges (i.e., from 18–20 years old up to 70 years
or higher) and including both genders; prevalences ranged between 5.0% and 14.3%
(19,20,26,27,31,34,46,55).

In the general population, some epidemiological studies have provided additional
information regarding the frequency and severity of the symptoms. Nearly all the studies
also assessing the frequency of RLS symptoms reported that between 50% and 60% of the
participants who met minimal IRLSSG criteria had symptoms at least one time per week
(17–25). For example, Allen et al. (19) reported a prevalence of 7.2% of their sample
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scoring positively on the four minimal IRLSSG criteria. However, when the frequency of
symptoms was set to a minimum of two times per week accompanied by moderate or severe
distress, the prevalence dropped to 2.7%. Cho et al., (17) reported that 3.6% of their sample
had definite RLS (regardless of the frequency and severity of symptoms). This prevalence IP
decreased to 1.7% when the frequency of symptoms was set at two times per week or more
and decreased to 1.02% when the severity was set to at least moderate distressing symptoms.
In another study (18), the prevalence decreased from 4.2% to 1.9% when frequency was set
at two times/week or more. When the frequency is set at one time/week or more prevalence
dropped from 8.5% to 4.5% in one study (20) and from 3.6% to 2% in a study with
adolescents (21). In summary, setting the frequency of leg symptoms to at least one time per
week decreased the prevalence by about 40% and setting the frequency to at least two times
per week decreased prevalence by about 50%. Daily or near daily occurrence of RLS
symptoms occurred in about 20% of individuals with minimal IRLSSG criteria.

Some studies have assessed the severity of RLS using the IRLSSG severity scale (17, 19,
20,22, 26–31). This scale allows categorizing RLS distress as mild, moderate, severe and
very severe. Regardless of the frequency of leg symptoms, most of the studies have reported
the proportion of individuals with minimal IRLSSG criteria accompanied by moderately to
very severely distressing symptoms at between 55.2% to 97.2% (17,19,20,22,26–31) very
severely distressing symptoms varied from 2.3% to 5% (19,20,22,27,28).

Primary care studies: Table 2 presents epidemiological studies conducted in primary care
practices. Most of these studies have provided different prevalence rates according to the
criteria used. Between 11.1% and 25% (15,16,95,96) of the patients had minimal IRLSSG
criteria (i.e., the four RLS criteria are met regardless the frequency, severity and possibility
than leg symptoms are caused by another condition than RLS); all but 2 studies (15,16) have
a prevalence between 20% and 25% (38,39,95,96). In primary care studies, when the
frequency of RLS symptoms was set to at least two times per week with moderate to severe
distress or negative impact, prevalence rates dropped by more than half, ranging between
3.4% and 9.0% (15,38,39,95).

3.1.3 Differential diagnosis of RLS—This section includes epidemiological studies
having eliminated as much as possible disorders that may produce symptoms similar to
those observed in RLS. In many of these studies, neurologists or physicians interviewed or
reviewed positive cases of RLS after initial screening.

General population studies: Studies that applied some differential diagnoses rules either
based on elderly samples (36,92) or in countries other than those in North America or
Europe (17,29,33,37,42,45). For example, in Turkey, Sevim et al. (34,35) reported an RLS
prevalence of 3.2% in their representative sample of 3,234 adults of the general population;
a similar result (3.4%) was found in another Turkish study using the same age range (29). A
Japanese study conducted among elderly people (36) found an RLS prevalence of 1.06%. In
that study, the first screening, based on a questionnaire assessing the minimal IRLSSG
criteria, identified 150 probable cases of RLS. After face-to-face interview and clinical
examination, only 35 of the 150 were confirmed with RLS. The lowest prevalence, 0.013%,
was observed in a Tanzanian study (37).

Primary care studies: For three primary care practice studies, positive cases were further
reviewed by the treating physician to confirm the diagnosis and eliminate cases where RLS
symptoms could be attributed to other diseases. In one study (38) prevalence dropped from
7.4% to 2.8%; in another (39) from 9.0% to 4.6% and in the last (40) from 7.6% to 4.4%.
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Figure 1 illustrates how RLS prevalence rates are related to various ways of defining RLS.
Prevalence rates decrease with increasingly precise definitions of RLS.

3.2 Modifying factors of prevalence
3.2.1 Sex—Many studies have reported a higher prevalence of RLS among women than in
men (17–20,22,27,29,30,32,34,36,41–44). In some other studies, RLS was not sex related
(26,45–48). Other studies have found higher rates in women but only in specific age groups.
One has reported higher rates in women in the 20–29 and 50–59 age groups (42). For
another study, prevalence was higher in men in the 40–49 age group (9) while in another it
was higher in women only among subjects younger than 48 years (24). In yet another it was
only among the 60 to 79 years old subjects (31). Sex differences in RLS prevalence are
illustrated in Figure 1a to Figure 1d. As can be seen, prevalence is about twice as high in
women than in men.

3.2.2 Pregnancy—RLS is the most common movement disorder occurring during
pregnancy. It develops more frequently during the third trimester and disappears within the
first month after delivery in most cases. One of the oldest RLS studies (49) examined 500
women at 33–34 weeks' gestation and four weeks after delivery. The prevalence of RLS was
19.5%. Severe RLS, defined as sensations in the legs lasting for more than 30 minutes and
occurring at least three times/week with frequent sleep disturbances, was observed only in
seven women. Four weeks after delivery, only three women still had RLS symptoms. A
large Japanese study (50) involving 16,528 pregnant women examined RLS prevalence
using a single question answered on a scale ranging from never to always. A total of 19.9%
of women reported sometimes to always having the sensation of insects running across the
skin or hot flashes inside the legs after going to bed at night. The prevalence of RLS
increased with the length of pregnancy: 15% in the first trimester and 23% in the last
trimester. Two studies have used IRLSSG criteria to assess RLS in pregnant women. The
first study (51) was conducted in Italy with 606 women at the time of delivery. Symptoms
were assessed retrospectively from the beginning of pregnancy using the IRLSSG criteria of
1995. An RLS prevalence (any frequency) of 26.6% was found; 62.7% of these women had
never experienced RLS symptoms prior to pregnancy. As in the general population, RLS
prevalence decreased with frequency of symptoms: 20.1% of the sample experienced
symptoms two times per week or more and 14.8% had them at least three times per week.
Prevalence decreased to 13% in the month following delivery. After six months, only eight
women still had RLS symptoms. A Brazilian study (52), using the IRLSSG criteria of 2003,
reported an RLS prevalence of 13.5% in their sample of 524 women; 94.4% were in the
second or third trimester. RLS prevalence in the first trimester was 5.3%; 14.7% in the
second trimester and 15.2% in the third trimester. Proportion of severe RLS also increased
by trimester: 41.9% of women in the second trimester and 63.9% of those in the third
trimester had severe or very severe RLS. A follow-up study (98) interviewed 207 women
about 6.5 years after delivery to compare the incidence of RLS among women without RLS
symptoms and those who had RLS during their pregnancy. The results showed that women
who had transient RLS during their pregnancy had a 4-fold increased risk of developing
chronic RLS. These women were also more likely to experience again RLS symptoms in a
subsequent pregnancy (58%) than the other women (3%).

3.2.3 Age—Results for age are not as conclusive as for sex. Some studies showed that RLS
increased with age (19,31,35,41,53–56). Some studies have also reported an increase up to
60–70 years and then a decrease in prevalence in older subjects (19,20,29,31,43). In some
studies, the peak in prevalence was observed around 30–40 years (17,27). Finally, many
studies have no increase in prevalence with age (18,22,34,47,48). Most of the studies
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performed in elderly samples did not report an increase in RLS prevalence with older age
(30,32,36).

RLS may begin at any age but most individuals suffering from RLS are over age 40. This
information was collected in some of the epidemiological studies. Two studies have
examined the age of onset in relationship to etiology. Both studies find a similar age of onset
for idiopathic RLS. In one study (45), the age of onset for idiopathic RLS was at 33.7 years
and in the other study, the age at onset was 35.4 years (57); Age at onset for secondary RLS
was at 47.4 (±5.3) years (57). Another study reported that RLS begun before the age of 45
years in 70.2% of cases but without details regarding whether RLS was idiopathic or
secondary (17).

3.2.4 Summary—To better understand the relationship between RLS, age and sex, each
article was reviewed in light of 1) comparison of criteria used and 2) availability of the data
by age groups and sex. Eighteen studies provided this information. Seven of these studies
were performed using the IRLSG minimal diagnostic criteria of 1995 and eleven studies
used the 2003 IRLSG minimal diagnostic criteria. Since it appears Asian countries might be
different; results for Asian men and women are presented separately from those observed in
North America and Europe. Figures 1a to 1d present the findings. It clearly shows that the
prevalence of RLS increases steadily with age up to 65 years for both men and women
living in North America or Europe: the prevalence appears to double every 20 years and
peak around 65 years. It is not observed in Asian countries. RLS prevalence appears to
remain unchanged with age in men and in women.

Overall, it is difficult to have a clear image of the prevalence of RLS around the world.
However, so far, it appears that Asian countries have a lower prevalence of RLS than
European and North American countries. In Europe, it would appear that Northern European
countries (Finland, Sweden, Norway) have a higher prevalence of RLS than Southern
European countries. However, many of the Asian studies have used more strict definitions of
RLS than European studies. Two of them (17,36) had participants with positive answers on
screening questions reviewed by a neurologist of sleep specialist to eliminate false positive
RLS cases. In one study (36), 77% of participants were false positives after clinical
examination. Therefore, methodological aspects are in part responsible of the disparities in
prevalence observed between Asia, Europe and North America.

In respect of ethnic background, one of the most interesting studies was performed in
Ecuador in two cities (58). One of these cities was composed mainly of individuals of
European descendants. In the other city the population was mainly of individuals of
indigenous descendants. The city with European descendants had an RLS prevalence of
3.2% while the city with indigenous descendants had an RLS prevalence of 0.8%. This
suggests that genetic makeup may play a role in RLS. However, further studies are needed
to elucidate the role of race in RLS. In addition to the Ecuadorian study, only two other
studies have presented data on race. One study conducted in the U.S. found a similar
prevalence in African-Americans (4.7%) and Caucasians (3.8%) (59). On the other hand,
another American survey (25) reported higher rates in Caucasians (6.6% in women and
4.2% in men) than in non-Caucasians (3.8% in women and 2.4% in men).

3.3. Associated factors
3.3.1 Insomnia symptoms and excessive sleepiness—Symptoms of RLS are worse
in the evening or at night, therefore it is expected that RLS causes some sleep disturbances.
All the epidemiological studies that have examined the association between RLS and
insomnia symptoms: Difficulty initiating sleep (DIS), difficulty maintaining sleep (DMS)
and non-restorative sleep (NRS), have found that individuals with RLS were two to three
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times more likely to report these symptoms than non-RLS subjects
(19,21,27,44,48,53,54,56,60,62). Proportions differ between studies depending on how
insomnia symptoms were defined and the population studied (for example, elderly only).
The proportion of RLS individuals who reported having DIS varied from 27.9% to 69.2%
and having DMS varied from 24% to 50.5%. NRS was more seldom studied but appeared to
be at least twice more frequent in RLS individuals (53,54,56).

Excessive sleepiness in RLS has been assessed using the Epworth Sleepiness Scale (ESS) or
with questions addressing the propensity to sleep during periods of wakefulness. Of the six
studies using the ESS to evaluate excessive sleepiness, three did not find significant
differences between RLS and non-RLS individuals (30,44,61) and three studies found RLS
individuals had higher ESS scores than non-RLS subjects (48,53,54). When individuals
were questioned about the propensity to sleep during periods of wakefulness, all studies
found that RLS individuals were two to three times more likely to report excessive
sleepiness than non-RLS participants: between 32% and 42% of RLS individuals
complained of excessive sleepiness (14,26,27,48,53,56).

3.3.2 Medical condition—Several medical conditions can be associated with RLS. All
epidemiological studies that have examined the general health status of individuals with
RLS converge to say that such individuals have a poorer health status than individuals
without RLS.

Cardiovascular disease, coronary artery disease and heart problems were associated with
RLS in many studies; individuals with any of these conditions being twice as likely to have
RLS than those without these health problems (14,24,56,41,43,47,53). One study also
examined the strength of the association in relationship to the frequency and severity of RLS
symptoms (24). It found that RLS symptoms occurring fewer than 16 times per month were
not associated with cardiovascular and coronary artery disease. The association was
significant only when symptoms were present at least 16 times per month and the
association was stronger in RLS individuals who were severely bothered by RLS symptoms.
Three studies did not find associations between heart-related conditions and RLS (48,59,61).
Hypertension was unrelated to RLS in six studies (14,30,31,46,56,61) but was significantly
associated to RLS in five other studies (32,41,44,47,53).

Obesity and increased BMI have been associated with a greater likelihood of having RLS in
many studies (7,11,25,41,47) but just as many others have found no such association
(21,28,32, 44,48,60,61). Gao et al. (25) did the most comprehensive epidemiological study
on this topic. In addition to BMI, participants also reported waist and hip circumferences.
Besides overall obesity (BMI > 30 kg/m2), they found that greater abdominal adiposity
(waist circumference) was also associated with a higher likelihood of RLS. They also found
that a greater BMI in early adulthood (18–21 years) and subsequent weight gain were
associated with a higher risk of developing RLS. The association remained even after
controlling for several variables (age, ethnicity, physical activity, smoking, use of
antidepressants, anxiety score and the presence of a number of chronic diseases).

Diabetes also had mixed results: nine studies found no increased risk of RLS in diabetes
(30,31,32,43,46,47,56,59,61) and four studies found that individuals with diabetes were at
greater risk of having RLS (7,29,44,48).

Some studies have examined whether chronic pain and other painful conditions such as
arthritis and neuropathy were associated with RLS. Most studies have found that such
associations existed. Individuals with RLS are more likely to have arthritic diseases
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(14,41,47) backache or other pain (43,47,56), headaches (53,56). RLS was associated with
polyneuropathy in one study (29) but was not in another one (28).

Other studies have examined the association between RLS and a variety of diseases that
could be involved in RLS. A presence of anemia has given mixed results. The association
was positive in some epidemiological studies (29) but not in others (30,31,47).

One of the main problems in RLS epidemiological studies is the heterogeneity of the RLS
individuals. As we have shown in the first section, almost all studies did not take into
account the frequency and/or severity of symptoms to determine the presence of RLS.
Therefore, a large part of RLS samples have symptoms occurring less than weekly. One of
the consequences is that it weakens associations between RLS and diseases. The study by
Winkelman et al (24) is a good illustration: cardiovascular and coronary artery diseases were
significantly associated with RLS only when it occurred at least 16 times per month.

The etiology of RLS is not well known but several pathophysiological mechanisms were
proposed. RLS has been also linked with lower serum ferritin levels. Up to 31% of RLS
older-age patients would have iron deficiency (63). Oral iron supplement therapy produced a
significant reduction in RLS symptoms (64) but this was not confirmed in another study
(65). The relationship between RLS and iron deficiency was not supported in uremic
patients with or without RLS (66). However, the results of recent research has shown that
idiopathic RLS patients with normal serum ferritin levels have a 65% reduction in CSF
ferritin and an increase in CSF transferrin (67). Therefore, brain iron storage may be reduced
in idiopathic RLS patients.

Uremia is another possible cause for RLS (68). In a study of 136 uremic patients, 23% of
them were found to have RLS (66). Another study reported RLS rate of 58.3% in a group of
48 uremic patients (99). Similarly, uremia was found to be the cause of RLS in 22.3% of
300 RLS patients (69).

Other factors have also been identified to cause RLS: folate deficiency, vascular
insufficiency (70), chronic obstructive pulmonary disease (71), gastroctomy (72) and
caffeine abuse (73).

3.3.3 Mental disorders—Depressive and anxious moods among RLS individuals have
been evaluated in several epidemiological studies (7,26,27,30,32,34,42,44,53,56). Some of
these studies have used a single question (e.g. 27,53) while others have used well-known
validated scales such as the CES-D scale or the Hamilton anxiety or depression scales. All
these studies have pointed out that RLS individuals are at least twice as likely to have scores
indicating the presence of a depressive or an anxiety disorder than individuals without RLS.
Only two studies (18,41) used DSM-IV diagnoses. Depressive mood and major depressive
disorder are the most common psychiatric problems in RLS individuals.

3.4. RLS and genetic links
RLS appears to have a familial component in many cases. Several epidemiological studies
have examined family history of RLS (20,21,23,26,27,29,34,45,46). The proportion of RLS
individuals with a positive family history of RLS varies from a low 18.5% in a sample from
India (46) to a high 59.6% in a microisolate of South Tyrol (45). Other studies reported rates
between 28.3% in a Swedish sample (26) and 40.9% in a French sample (20).

RLS inheritance was initially thought to follow an autosomal dominant pattern in at least
one third of the familial cases especially in families with an earlier age at Ronset (74,75,76).
For example, Montplaisir et al. (76) reported that 63% of the 127 studied RLS patients said
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there was at least one family member with similar symptoms. Another study found that
42.3% of patients with idiopathic RLS and 11.7% of those with RLS due to uremia had a
clear positive hereditary RLS (69). Some studies have pointed out that inheritance is
bimodal; earlier onset being associated with an autosomal-dominant mode while RLS at a
later age is more compatible with an inheritance model of free transmission probabilities
(77). One study has examined RLS inheritance in twins (78). In that study, the authors
reported a high RLS concordance rate (83.3%) between identical twins. However, age at
onset, disease severity and symptom descriptions often varied within the concordant pairs.
Another twin study in which RLS was assessed using 2 questions in a sample of 4,503
monozygotic and dizygotic twins estimated RLS heritability to be 0.6 (79).

Familial and sporadic RLS cases presented similar signs, symptoms and clinical course. The
only differences between the two groups consisted of a significantly earlier age of onset and
a more frequent worsening during pregnancy in patients with hereditary RLS (69).

At the genetic level, linkage studies have to-date described five genomic loci associated with
RLS. In studies that used an autosomal recessive model of inheritance, family studies have
reported a linkage to chromosome 12q (RLS1). The first studies describing this linkage were
done with French Canadian samples (80,81). The findings were replicated in subsets of
Icelandic and German families (82, 83).

Using a dominant model of inheritance, different RLS family studies have shown a linkage
to chromosome 14q (RLS2) (84), 9p (RLS3) (85), 2q (RLS4) (86) and 20p (RLS5) (87).

4. CONCLUSIONS
Epidemiologic knowledge of RLS has increased considerably recently, in fact, since 2005
epidemiological research on RLS has effectively blossomed.

This synthesis of the literature reveals that RLS prevalence rates are linked to:

1) The way RLS is evaluated. Single-item studies have provided the highest RLS
prevalence followed by studies having limited the assessment to the 4 minimal
criteria described by the International Restless Legs Syndrome Study Group. In
this last case, prevalence of RLS in the adult general population ranges between
5% and 8.8%. However, at least half of these cases have infrequent and/or mild
RLS.

2) Sex of the individuals: In most of studies, RLS is about twice higher in women
than in men.

3) Age: As illustrated in Figures 1a and 1c, prevalence of RLS increases with age
in North America and Europe. However, the same trend is not observed in Asian
countries.

4) Race: Data on race are still too fragmentary to reach definite conclusions but
from what we know to date Asian countries appear to have much lower
prevalence of RLS.

5) Co-morbid conditions. Insomnia symptoms, excessive sleepiness and depressive
and/or anxiety symptoms have been consistently associated with RLS. Several
medical conditions have been less consistently associated with RLS, e.g.;
cardiovascular diseases, hypertension, diabetes, obesity and pain. The effects of
medications on RLS symptoms have not been investigated in epidemiological
studies.
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RLS is common in the general population but a full appreciation of its severity and impact
on daily life remains unclear. The earliest epidemiological studies using IRLSSG criteria are
based on the 1995 criteria, while the most recent have used the 2003 revised criteria, which
makes direct comparison of these studies difficult. There is also problem of participation
rates, as in at least 10 studies where the percentage is below 60%. The overwhelming
majority of prevalence rates reported in epidemiological studies of RLS are based solely on
the presence of one symptom or a constellation of symptoms (four minimal criteria proposed
by the IRLSSG group) that might occur only infrequently, regardless of the severity of the
symptoms. While this may be defensible from an epidemiological point of view; for the
physicians, it raises the question of “When does one need to treat these people?”. Two
studies (19,27) have examined more closely who are the individuals with RLS who seek
medical advice or help for their symptoms. Treatment seeking is closely associated with the
severity of symptoms: nearly all of those with severe or very severe RLS symptoms
consulted while this proportion decreased to half in those with moderate symptoms and to
10% with those with mild symptoms (27).

Epidemiological studies conducted in clinical settings were more rigorous in the attribution
of RLS diagnosis. Most of them required a frequency of symptoms of at least two times per
week accompanied by moderate to severe distress and the diagnosis confirmed by the
treating physician. Such studies yield prevalence estimates about five times lower than when
prevalence is based solely on RLS minimal criteria. As the International RLS Study Group
has pointed out, the minimal criteria were not intended to confirm the presence of RLS but
to indicate the possibility of the syndrome. Minimal RLS criteria without applying
frequency and severity yield a false positive rate around 50% (88). Consequently, using only
the four minimal symptoms to determine the prevalence of RLS in the general population
can cause an inflation of the prevalence of RLS. It is especially true when studies seek only
yes/no answers or presence/absence of criteria. Several conditions can produce symptoms
similar to RLS, for example, leg cramps or arthritic pain in lower limbs. It is therefore
important that epidemiological studies include some questions that allow excluding
individuals for whom, leg symptoms can be attributed to other disorders. Additionally,
quantification of the frequency and severity of the symptoms will allow eliminating a sizable
number of individuals for whom a RLS diagnosis is not warranted.

It should be kept in mind that prevalence observed in primary care practices cannot be
applied to the general population: 1) even when comparable age groups were used, the mean
age of subjects in primary care practice samples was higher than the one of general
population samples and 2) only a portion of the general population consults at least once a
year a primary care practitioner and mostly because the individuals have some health
problem concerns: as it was shown, individuals of the general population with RLS are more
likely to have health problems than non-RLS people and, therefore, have greater needs to
consult a physician.

Another consequence of using cases with infrequent RLS in general population-based
studies is that it can mask the presence of some risk factors. This is probably one of the
reasons why there are so many conflicting results when it comes to identifying medical
conditions associated with RLS.

PRACTICE POINTS

• Prevalence of RLS decreases as defining criteria increase in strictness in
European and North American general adult populations.

• When a differential diagnostic approach is taken, prevalence estimates are 1.9–
4.6% of European and North American general adult populations.
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• European and North American populations demonstrate higher RLS prevalences
compared to Asian populations.

• European and North American populations demonstrate an age-increase in RLS
prevalence, while Asian populations do not.

• RLS prevalance in women is approximately double that of men across all
populations and ages.

RESEARCH AGENDA

• Future epidemiological studies should focus on the general population and
include systematic assessment using diagnostic criteria including frequency and
severity of symptoms.

• Additional epidemiological studies outside of Europe and North America are
needed to clarify apparent population differences in RLS prevalence.

• Studies should seek to determine the conditions associated with RLS,
particularly severe RLS, as well as its functional consequences.
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Figure 1.
Changes in RLS prevalence rates in North America and Europe general population
according to used definitions
*Prevalence rates for differential diagnosis came from primary care samples. Prevalence
estimates are based on samples including participants from 18 to >= 65 years.
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Figure 2a.
Prevalence of RLS in men – North America and Europe
Included 12 studies that had provided prevalence by age groups for men. These studies are
based on minimal IRLSSG criteria. A total of 23,282 men aged >=18 are included in the
scatter plot.
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Figure 2b.
Prevalence of RLS in men – Asia
Included 5 studies that had provided prevalence by age groups for men. These studies are
based on minimal IRLSSG criteria. A total of 8,081 men aged >=18 are included in the
scatter plot.
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Figure 2c.
Prevalence of RLS in women – North America and Europe
Included 12 studies that had provided prevalence by age groups for women. These studies
are based on minimal IRLSSG criteria. A total of 26,150 women aged >=18 are included in
the scatter plot.
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Figure 2d.
Prevalence of RLS in women – Asia
Included 6 studies that had provided prevalence by age groups for women. These studies are
based on minimal IRLSSG criteria. A total of 11,253 women aged >=18 are included in the
scatter plot.
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