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Restless legs syndrome associated with
major diseases
A systematic review and new concept

ABSTRACT

Recent publications on both the genetics and environmental factors of restless legs syndrome (RLS)

defined as a clinical disorder suggest that overlapping genetic risk factors may play a role in primary

(idiopathic) and secondary (symptomatic) RLS. Following a systematic literature search of RLS asso-

ciated with comorbidities, we identified an increased prevalence of RLS only in iron deficiency and

kidney disease. In cardiovascular disease, arterial hypertension, diabetes, migraine, and Parkinson

disease, the methodology of studies was poor, but an association might be possible. There is insuf-

ficient evidence for conditions such as anemia (without iron deficiency), chronic obstructive pulmo-

nary disease, multiple sclerosis, headache, stroke, narcolepsy, and ataxias. Based on possible

gene–microenvironmental interaction, the classifications primary and secondary RLS may suggest

an inappropriate causal relation. We recognize that in some conditions, treatment of the underlying

disease should be achieved as far as possible to reduce or eliminate RLS symptoms. RLS might be

seen as a continuous spectrum with a major genetic contribution at one end and a major environ-

mental or comorbid disease contribution at the other. Neurology® 2016;86:1336–1343

GLOSSARY

CI 5 confidence interval; CRI 5 chronic renal insufficiency; CVD 5 cardiovascular disease; DSM-5 5 Diagnostic and Sta-

tistical Manual of Mental Disorders, 5th edition; ESRD 5 end-stage renal disease; GWAS 5 genome-wide association
studies; HR 5 hazard ratio; IDA 5 iron deficiency anemia; MS 5 multiple sclerosis; MSA 5 multiple system atrophy; OR 5

odds ratio; PD 5 Parkinson disease; PLMS 5 periodic limb movements in sleep; RLS 5 restless legs syndrome.

The first restless legs syndrome (RLS) diagnostic criteria were established in 1995 and revised

in 2003.1 In 2014,2 a fifth criterion was added to improve specificity by excluding mimics.

All versions of the criteria have maintained the key features of the clinical picture: sensory

symptoms—namely restlessness (urge to move) and unpleasant sensations (paresthesias, pain)—

and motor symptoms (periodic limb movements and other motor manifestations). Two major

distinctive features emerged to enhance the specificity of the diagnosis of RLS: first, in primary/

idiopathic RLS, a high familiarity finally led to the identification of genetic risk factors.3–6 Second,

an increasing number of heterogeneous publications investigated the associations of RLS with

various diseases, including iron deficiency anemia (IDA),7 multiple sclerosis (MS),8,9 polyneurop-

athy,10 and Parkinson disease (PD),11,12 as well as common chronic diseases such as arterial

hypertension13 or headache14 or conditions such as inflammation15 and pregnancy.16 Over time,

a differentiation into “primary, idiopathic” and “secondary, symptomatic” RLS occurred.

Although available evidence now encompasses a broad spectrum of pathophysiologic,

population-based (cross-sectional or longitudinal) studies, clinical studies, and treatment trials,14,17

the question whether RLS is more a primary disorder or a comorbidity remains unresolved. It is

remarkable, however, that in the new DSM-5 criteria, this terminology was changed and the RLS

definition criteria no longer differentiate between primary and secondary RLS.18 It is even likely

that a cumulative number of diseases within a single patient increases the risk of the additional

manifestation of RLS symptoms on the background of the genetic risk load, or vice versa.19
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Genetic studies from recent years have shed

some light on the molecular mechanism of the

disorder. RLS is a genetically complex disorder

in which genetic and environmental factors

contribute to the phenotype. By means of

genome-wide association studies (GWAS),

common genetic variants with modest effect

(odds ratio [OR] 1.2–1.7) on the phenotype

have been identified in a total of 6 genomic

regions.5,6 All of these loci combined explain

,10% of the total heritability, indicating that

an increase in GWAS’ sample size will likely

uncover a further proportion of the missing

heritability. MEIS1 has been the RLS gene

with the largest risk factors, harboring both

common and rare coding variants with larger

effects.20,21 MEIS1 belongs to the TALE fam-

ily of homeobox transcription factors and is

involved in the development and homeostasis

of numerous organs and diseases such as leu-

kemia and neuroblastoma, and also plays a role

in the development of the CNS.22 Coding

variants in MEIS1 are very rare in general.

MEIS1 p.R272H has been identified as the

most deleterious variant and is located within

the first functional amino acid of the homeo-

box domain, which could raise the possibility

of disruption of DNA binding, and isoform-

dependent splice variants might contribute to

RLS.20,23 The common genetic RLS-associated

variant is located in highly conserved genomic

regions in intron 8 of MEIS1 and has a regu-

latory function on the MEIS1 expression in

the embryonic ganglionic eminences. This is

a transient structure, giving rise to the basal

ganglia at later stages. The RLS risk variant is

associated with a relatively reduced expression

of MEIS1 in these areas, highlighting the fact

that RLS has components of a neurodevelop-

mental disorder. Low MEIS1 expression has

also been demonstrated in postmortem tissue

in the pons and thalamus.24 This all suggests a

loss of function mechanism ofMEIS1 in RLS.

Finally, the genetic architecture of RLS is het-

erogeneous with the contribution of rare and

common variants as well as coding and non-

coding variants with small or large effects on

the phenotype acting in concert within an oli-

gogenic mode of inheritance.

In this review, we examine the available

studies of RLS and comorbidities, focusing

in particular on neurologic and medical disor-

ders and their association with RLS, while

keeping in mind the complex genetic architec-

ture of RLS. We did not include any studies

based on periodic limb movements in sleep

(PLMS) or sleep studies if the clinical diagno-

sis of RLS was not the primary objective, as

PLMS are associated with many comorbidities

and reflect a different spectrum of diseases.

We evaluated the studies retrieved using the

priority ratings described in table 1 (for details

on methodology, see appendix e-1 on the

Neurology® Web site at Neurology.org).

MEDICAL DISORDERS A review of additional med-

ical disorders—varicose veins, gastrointestinal and

inflammatory diseases, thyroid function, diabetes,

obstructive sleep apnea, and chronic obstructive pul-

monary disease—can be found in appendix e-1.

Iron deficiency. The RLS literature on iron deficiency

can be divided into 3 types of studies: pathophysiol-

ogy, iron treatment, and epidemiology. Eleven path-

ophysiology studies all reported decreased brain/CSF

measures of iron for RLS compared to controls (see

table e-1 and e-References for a more complete refer-

ence list).25,e1,e2 The treatment studies reported

improvement in RLS for 2 oral iron trials (with

iron-deficient patients) and 3 of 4 IV iron studies—

only one exclusively iron deficiency,26 2 with iron

deficiency complicated by other disorders (end-stage

renal disease [ESRD] and blood donor populations).

One IV iron trial failed to find improvement, but

this, unlike the other IV iron studies, used an iron

formulation producing a rapid release of iron. Aside

Table 1 Evaluation criteria

High Sufficient number of patients with RLS,
predefined and validated diagnostic
criteria for RLS, compared with age-
matched healthy controls or another
appropriate control group

Moderate Study included RLS patient cohort with
nonvalidated predefined criteria; no
appropriate controls; very small patient
cohort, depending on the frequency of
disease, i.e., cohort .50 patients in
diseases such as arterial hypertension,
or at least .5 in rare diseases such as
spinocerebellar ataxia

Low Insufficient methodology, i.e., no
description of patient recruitment,
absence of proper disease definition,
small numbers of patients, and no
control group

Pathophysiologic
studies

Studies that add value and investigate
pathophysiologic mechanisms of the
disease, i.e., low brain iron shown by
imaging studies in patients with RLS

Abbreviation: RLS 5 restless legs syndrome.
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from this one study, the IV iron studies have the

striking outcome of complete and long-lasting

resolution of RLS in about 20% of those treated.

The only epidemiologic studies that included

adequate numbers with defined iron deficiency were

those selected from an iron deficiency or RLS

population. All of these show increased prevalence

of RLS with iron deficiency. Several studies

generally failed to find any relation between RLS

occurrence and iron in medical conditions: blood

donors (2 of 3 studies), kidney disease (1 study),

dialysis (2 studies), and celiac disease (1 study).

Overall, studies universally demonstrated an iron-

management problem for RLS.7 Iron treatment may

produce partial or complete resolution of RLS in some

but not all patients; cross-sectional studies report

mixed evidence for increased RLS with iron deficiency.

RLS in patients with clearly defined IDA has a very

high prevalence (25%–35%) and iron treatments

reduce or resolve RLS symptoms, but in the disease

states that affect iron there is generally no consistent

relation between RLS and serum iron or ferritin status.

Anemia. RLS prevalence for IDA is 25%–35% (13

studies: 3 with blood donors, 2 ESRD, one with

celiac disease, and 7 with undefined cause) without

a clear relation to anemia severity. One study classi-

fied as high reported RLS prevalence in India of 34%

with IDA vs 6% in healthy controls.27 Three of the 7

studies with undefined cause did not differentiate

between IDA and anemia without iron deficiency.

Two of the 3 studies in blood donor populations

(classified as low/very low) with presumed IDA failed

to find indications of increased prevalence among

blood donors with lower hemoglobin levels. One

blood donor study (classified as moderate) reported

a 16% prevalence of RLS in IDA individuals vs

11% for those with normal iron levels.28 It reported

that oral iron treatment of IDA improved RLS.28

Two general population studies (both classified as

low) produced conflicting results. RLS prevalence

with anemia was 27% in China,29 but in a European

population study anemia did not relate to the risk of

RLS.19 However, in these studies anemia was only

self-reported. The 4 studies from special medical pop-

ulations (one each for celiac and heart disease, and 2

for ESRD) all had small samples, and were classified

as low and failed to find any relation between hemo-

globin and occurrence of RLS.

Kidney disease. Fourteen studies investigated the prev-

alence of RLS in individuals with ESRD, on hemodial-

ysis, or with chronic renal insufficiency (CRI). Nearly

all studies employed an observational, cross-sectional

design, evaluating hemodialysis (or CRI) populations

for the presence of RLS symptoms. All except one

study had a control group of hemodialysis or CRI

individuals without RLS, leading to a classification

of low in all but one case. Recorded prevalence

ranged from 15% (Hungary)30 to 68% (European

American).31 Factors associated with an increased risk

for RLS included intake of Ca11 antagonists,e3 lower

intact parathyroid hormone at baseline,e4 duration of

dialysis (discordant results in multiple studies),30,e4–e6

lower serum transferrin saturation (discordant results

in multiple studies),e4,e5 DMII (3 studies),e7–e9

number of additional comorbidities,30 Caucasian

ethnicity,31 lower education levels,31 and conventional

hemodialysis (vs short daily home dialysis),e10 but were,

in most cases, only reported in singular studies (see table

e-1 and e-References for a more complete reference list).

Hypertension. Eighteen studies investigated either

the prevalence of hypertension in individuals with

RLS or vice versa. Most studies were large-scale

observational, cross-sectional general population

studies assessing thousands to tens of thousands of

individuals. These studies were classified as high.

Overall, results show large discrepancies between

studies and comparison is often difficult because

logistic regression analyses were adjusted for a

different set of cofactors in each study and several

studies only assessed men or women but not both

sexes. In 4 of 6 studies, there was an increased risk

for RLS in those reporting hypertension (OR 1.15–

1.96).19,32–35 Individuals with RLS had an increased

risk for hypertension in 6 of 10 studies (OR 1.2–

2.4).33,34,e11–e20 Generally, the larger the study and

the more stringent the adjustment for cofactors,

the less likely an association in either direction (see

table e-1 and e-References for a more complete

reference list). A recent population-based retrospective

cohort study used medical records for RLS diagnosis and

divided the RLS population into primary and comorbid

cases, finally concluding that the patients with primary

RLS were younger with no increased risk for

hypertension, but comorbid cases did have a higher

risk for CVD and hypertension (hazard ratio [HR]

1.28; 95% confidence interval [CI] 1.18–1.40).

Pathophysiologically, single PLMS were shown to

coincide with transient blood pressure elevations dur-

ing polysomnography36—possibly explaining why

some studies saw a correlation between increased

RLS severity and blood pressure—and the presence

of RLS was significantly associated with a nondipper

status on 24-hour blood pressure monitoring.33 These

examples show the entire spectrum of problems clas-

sifying RLS into primary, comorbid, and with and

without PLMS. Hypertension can therefore be men-

tioned only as a weak risk factor, when regarded as a

single disease, but becomes more relevant in the con-

text of CVD, in so-called secondary RLS.37
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Cardiovascular diseases. Nineteen studies investigated

the prevalence of RLS in cardiovascular disease

(CVD), which comprises both coronary artery

diseases and various heart diseases such as myocardial

infarction and heart insufficiency. Two cross-sectional

studies detected higher numbers of patients with RLS

among individuals with lower coronary flow (38%

and 27%) vs 17% prevalence of RLS in those with

normal coronary artery flow; endothelial dysfunction

is postulated as a possible mechanism of action.33,38

Large epidemiologic cohorts assessing RLS using 3

well-known questions39 in postal questionnaires could

not detect any increased risk for CVD in patients with

RLS,40,e20 either for women (US Health Professionals)

nor when combined with men (Physician Health

Study); the same results were obtained in Iceland and

Sweden in population-based studies.e21 Physician-

diagnosed RLS changed the results for nonfatal

myocardial infarction and fatal CVD in women with

an OR of 1.80 and 1.49, respectively, when the

duration of RLS was .3 years.41 An association

between RLS and CVD was found in the Wisconsin

Sleep cohort, using interviews for diagnosis.42 Similarly,

in Taiwanese patients assessed by validated phone

interviews, a significant increase in the incidence of

cardiovascular cases in patients with RLS was

reported (22.7%).43 An increased prevalence of RLS

in patients with CVD in general was not confirmed

except for women who had had RLS for $3 years.41

Even in a recent large cohort study, this correlation was

weak and applied only to comorbid RLS (HR 1.33;

95% CI 1.21–1.46) (see Hypertension).

NEUROLOGICDISEASES Headache.Twenty-six stud-

ies evaluated the prevalence of RLS in patients with

migraine or headaches. In migraine patients, RLS as

a comorbid disorder seems to be increased, ranging

from 8.7% to 39.0%.44 No difference was found

between sexes for migraine with or without aura.

The prevalence of RLS ranged from 1.8% without

migraine to 13.7% with migraine in Asian popula-

tions.45 Weak evidence suggests that morning head-

ache in patients with RLS may benefit from

pramipexole treatment, while dopamine receptor an-

tagonists used to treat headaches may induce akathisia.

An independent review on migraine and RLS supports

the concept of RLS as an important comorbidity,

although the degree of association appears to be

strongly determined by study design.14

The dopamine hypothesis as a common link to

migraine is weaker that the link between migraine

and other neuromodulators such as serotonin or nor-

epinephrine; it is, however, corroborated by the lack

of any correlation with RLS for other headache types

and by a diversity of arguments favoring this link.46 In

fact, no other comorbidity has such a dopaminergic

link. Cluster headaches and RLS seem to have an even

lower than expected prevalence.14

Stroke. Five studies investigated the prevalence of RLS

in stroke patients, providing 3 findings: first, there is

not a higher incidence of stroke in patients with RLS;

a non–statistically significant increase was reported in

a small group of 26 patients with RLS,47 and a more

recent study confirmed that RLS does not increase

the incidence of stroke.35 Second, poststroke patients

may develop an increased prevalence of RLS in gen-

eral, possibly related to cardiovascular risk factors.40

Third, and most specifically, certain types of stroke

may be located at a strategic location for inducing

RLS.e22 Most frequent lesions have been found in

the basal ganglia (30%) and in the pons (22%).e23

Neurodegenerative disease. Parkinson disease. Twenty-

four investigations looked into PD populations of 2

types: de novo or treated PD, with some investigating

mixed cohorts. The frequency of RLS varied substan-

tially across countries and studies. In patients with de

novo, untreated PD, the prevalence of RLS was not

significantly different from controls in population-

based studies from Norway (15.3% vs 9.6%)11 and

Italy (lifetime prevalence of RLS in PD 5.5%, con-

trols 4.3%12), with prevalence of 16% RLS in

untreated Korean patients with PD.48

For patients with treated PD, RLS prevalence is

generally higher than expected. The prevalence of

RLS in Thailand was reported to range between

0.98% and 1.2% for consecutive patients with PD

(untreated and treated) and 3% in Singapore vs

0.5% in ethnically matched controls. In contrast, in

India, a study found 7.9% RLS in consecutive pa-

tients with PD vs 0.8% in controls,49 and 12%

in patients with treated PD vs 3% in controls in

Japan.e24 In a cross-sectional study from Canada, pa-

tients with treated PD showed a significantly higher

prevalence for RLS (21%) compared to controls with

pain 4.1%.e25 Similar increases (up to 16%) found in

Korean patients with treated PD correlated with the

duration but not the dosage of dopaminergic treat-

ment.e23 This is of note as another study found an

inverse correlation between the dopaminergic dosages

for PD with RLS.e26 In European and US studies, the

percentage of RLS in treated PD varied between

11%e27 and 24%.e26 When applying the 3 epidemio-

logic questions reflecting roughly the 4 essential cri-

teria of RLS, one large studye28 found a 4-fold

increased risk for PD in patients with RLS in a US

male population, but only for the first 4 years after

assessment.

Polyneuropathy. Several smaller studies on RLS

argue in favor of spinal or supraspinal central sensiti-

zation using quantitative sensory testing.50,51 Idio-

pathic RLS shows hyperalgesia to blunt pressure,
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pinprick, and vibratory hyperesthesia but not

dynamic mechanical allodynia, which differentiates

it from neuropathic pain. RLS associated with (small

fiber) neuropathy has, in addition, significantly

increased thermal detection thresholds, indicating

the loss of small fibers.e29 On this basis, it is under-

standable that the majority of studies report an

increased prevalence of RLS in patients with polyneu-

ropathy (up to 40%).10 This, however, was ques-

tioned when the exclusion of mimics (e.g., cramps

or nondiurnal paresthesias) decreased the prevalence

of RLS to 12.2% in neuropathy patients vs 8.2% in

controls.10

Multiple sclerosis.Of the 15 studies reviewed, several

reported a higher frequency of RLS in MS, thereby

pointing to a possible association. However, the re-

ported frequencies vary greatly, between 13.3%8

and 65.1%,9 perhaps indicating that the diagnosis

of RLS in patients with MS on clinical grounds is

extremely difficult, and mimics of RLS are possible.e30

One hypothesis concerning the possible pathophysi-

ology of RLS in MS could be that spinal lesions

increase PLMS as well as subjective sensory distur-

bance of the legs; however, current studies cannot

prove this.

A review of further neurologic disorders—narcolepsy,

hereditary ataxias, andmultiple system atrophy (MSA)—

can be found in appendix e-1.

DISCUSSION This systematic review confirmed a

higher prevalence of RLS in kidney disease and iron

deficiency, with some likelihood of association in

some cardiovascular diseases in women, diabetes

(and neuropathy), migraine, and dopaminergic treat-

ment in PD. Questionable or insufficient evidence

exists for diseases such as anemia without iron defi-

ciency, hypertension, MS, headache other than

migraine, stroke, and ataxias. Furthermore, this

review revealed a broad spectrum of studies that were

overall heterogeneous in size, study design, methodol-

ogy, and outcome measures. A common problem

encountered was a lack of any appropriate control

group. This is of importance because RLS is a com-

mon diseasee31 that also occurs frequently in other

disorders, which makes it difficult to evaluate the

prevalence unless there is an appropriate control

group. From evaluation of the published studies, we

draw several specific conclusions and identified a

number of limitations.

Methodologic problems. A number of large cross-

sectional studies used mailed questionnaires; however,

it is well-known that this methodology limits

diagnostic accuracy and increases the likelihood of

including RLS mimics. Some of these studies,

however, investigated incident cases and excluded

many diseases despite their relevance to RLS.52

Interview-based diagnosis resulted in a more accurate

RLS diagnosis in comparison to the large cross-sectional

studies.

Single diseases with comorbid RLS: The expected and the

unexpected. As expected, iron deficiency was one con-

dition with a clearly increased prevalence of RLS in

clinical studies but conflicting results in cross-

sectional studies where iron or ferritin values

are often limited or lacking. Pathophysiologic

studies added information about possible disease

mechanisms of iron deficiency and RLS (see Earley

et al.7 for review).53,e2 A putative iron deficiency

related to the CNS is supported by successful

treatment trials with oral or IV iron in iron

deficiency patients,26 but it may also account for a

percentage of patients with RLS regardless of iron

status.54 Unexpectedly, there was an overall lack of

association between anemia or hemoglobin and RLS

in investigations of blood donors.55 Kidney disease/

ESRD and uremia (with/without dialysis) was

another expected disease with RLS comorbidity, with

an increased prevalence of RLS ranging from 15% to

68% in various populations worldwide.52,56 Besides

these major conditions, there were inconsistent

results for arterial hypertension and cardiovascular

diseases. Pathophysiologic studies found that PLMS

in patients with RLS induce blood pressure

elevations17,36 via activation of the sympathetic

system, but the clinical relevance of these findings

needs to be evaluated. For cardiovascular diseases,

even studies on incident cases did not provide

conclusive results.41,57 For diabetes, both cross-

sectional studies and clinical studies point to

increased prevalence of RLS, but it could not be

decided if diabetes itself19,35 or the occurrence of

neuropathye32 in diabetes is the major factor.

In neurologic diseases, only migraine, but not

headache in general, shows an increased prevalence

of RLS.14 Of particular interest for both migraine

and RLS is a possible link via the dopamine metabo-

lism/neurotransmission: it has been postulated that

migraine attacks are accompanied by an ictal dopa-

mine release on the background of dopamine receptor

hypersensitivity caused by chronic dopaminergic

deficit.58

In PD cohorts, we detected a major factor affecting

RLS prevalence: in the de novo untreated populations,

the prevalence was similar to controls across popula-

tions.11,12 In contrast, the number of RLS-positive pa-

tients with RLS significantly increased with both

disease and treatment duration,e23 but not dosages.e27

For neuropathy there was, as expected, an overall

increased prevalence of RLS among patients with neu-

ropathies. RLS associated with (small-fiber) neuropa-

thy has, in addition, significantly increased thermal
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detection thresholds, indicating the loss of small fi-

bers.e29 Hypoxia as a factor related to changes of the

sympathetic nervous system may further play a role in

small-fiber pathology of RLS.e33

In many areas PLMS may confound (or interfere

with) the clinical diagnosis of RLS, and pathophysio-

logic studies showed increased PLMS, not RLS, in dis-

eases such as arterial hypertension36 and narcolepsy.e34

Genetic and environmental interaction. Familial RLS

has an earlier age at onset in comparison to nonfamil-

ial RLS and RLS in combination with further diseases

that classically manifest later in life.59 In line with this

finding, the environmental factors may trigger the

manifestation of RLS symptoms and several environ-

mental factors, e.g., multiple diseases in a single indi-

vidual, may further increase the risk (figure).

Furthermore, RLS might be considered transient in

patients with pregnancy or uremia. RLS occurs during

pregnancy16 and mostly disappears after delivery,16 but

manifests again in these women later in life.60 Another

example is the disappearance of RLS within days after

kidney transplantation, and re-occurrence with trans-

plant failure.e33,e35 These observations, together with a

benefit of iron supplementation in iron deficient and

uremic patients with RLS, strongly supports the exis-

tence of a change of microenvironment that manifests

through altered metabolic factors triggering RLS man-

ifestations in genetically susceptible patients.e36 Other

environmental factors, such as nutrition, may play an

important role in the manifestation of symptoms, how-

ever, no RLS studies—except for one with RLS in

PDe37—exist.

We suggest that a dichotomous classification of

primary and secondary RLS is misleading, suggesting

causality rather than the more complex RLS genetic

and environmental interaction. This may especially

apply for cardiovascular disease and arterial hyperten-

sion.33,38 Some of these studies even presume that

hypertension may increase the risk for developing

RLS, assuming a pathophysiologic mechanism via

PLMS.

We recognize that treatment/resolution of some

comorbid conditions may reduce RLS symptoms,

and identification of these is needed for clinical trials.

Treatable conditions—IDA, diabetes, or hyper-

tension—should be optimized first. With an increase

in medical knowledge, some nontreatable conditions

such as MSA, neuropathy, and others may become

treatable conditions and therefore this terminology is

variable, and best illustrated by the examples of dial-

ysis and renal transplant.
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