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partly due to an incomplete understanding of 
the pathophysiological mechanism.

The present review discusses RLS and NLC 
with a focus on improved diagnostic accuracy 
and treatment approaches.

Restless legs syndrome Diagnosis Updated diag‑
nostic criteria for RLS were proposed in 2003 by 
the International Restless Legs Syndrome Study 
Group at a workshop of the National Institutes of 
Health.6 These diagnostic criteria outline the phe‑
notype as uncomfortable sensations that may be 
associated with the urge to move and that pre‑
dominantly occur at night and typically involve 
the legs. Movement causes these individuals to ex‑
perience relief until movement ceases. An individ‑
ual’s symptoms must also not be solely accounted 
for as symptoms primary to another condition.7 
The URGES acronym has been suggested as a clev‑
er tool to help health care providers recall the di‑
agnostic criteria.8 “U” stands for the urge to move 
one’s limbs. “R” stands for rest ‑induced, referring 
to symptom onset or exacerbation in the absence 
of movement. Similarly, “G” stands for gyration, 
referring to the fact that symptoms improve with 
movement. “E” stands for evening, referring to 
the circadian pattern whereby symptom pres‑
ence or exacerbation occurs later in the day or 
at night. Finally, “S” refers to RLS being the sole 

Introduction Restless legs syndrome (RLS) is 
a disorder whereby patients experience uncom‑
fortable sensations with the urge to move that 
dissipates while moving. Symptoms tend to wors‑
en later in the day and in the night. The prev‑
alence of RLS was reported to reach 7.0% of 
the population among 5 European countries.1 
The condition is frequently misdiagnosed, like‑
ly due to the high prevalence of lower extremity 
sensory complaints, the differential diagnosis of 
which is broad. This underscores the importance 
of a rigorous clinical evaluation and adherence to 
strict diagnostic guidelines.

The  hallmark characteristic of RLS, name‑
ly, a circadian disorder of sensorimotor integra‑
tion, has resulted in theories of the underlying 
pathophysiological mechanisms, many of which 
pertain to dysregulation of iron regulation and 
its impact on dopamine metabolism.2 Howev‑
er, the variability in responses to treatment reg‑
imens illustrates the incompleteness of our cur‑
rent understanding of the disease.

Nocturnal leg cramps (NLCs) were reported in 
approximately 25% of the population in Germa‑
ny and the United States, and in as many as 37% 
of individuals over the age of 50 in the United 
Kingdom.3-5 The heterogeneity of symptom de‑
scriptions has contributed to its frequent misdi‑
agnosis as RLS. Efficacious treatments are limited, 
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Restless legs syndrome (RLS) and nocturnal leg cramps (NLCs) are common disorders affecting 7.0% and 
24.1% of the population in some European countries, respectively. Patients suffering from RLS experience 
uncomfortable nocturnal sensations in the legs with the urge to move that dissipates while moving. NLC 
is characterized by abrupt muscle contraction, most often in the gastrocnemius or foot muscles, which 
occurs at night and may result in significant sleep disturbances. The diagnosis of these disorders has 
presented a challenge to health care providers because of symptom overlap with other sensory and mo‑
tor disturbances with nocturnal predominance. Treatment options and approaches are lacking, partially 
because of our currently incomplete understanding of the pathophysiological mechanisms underlying 
these conditions. We reviewed the medical literature to provide a comprehensive assessment of RLS 
and NLC with a focus on improved diagnostic accuracy and treatment approaches.
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Many conditions may present with nocturnal 
leg discomfort. Growing pains may be a normal 
occurrence and should be considered in adoles‑
cents with such symptoms. Conditions such as 
venous insufficiency may be seen in the elderly 
population and in patients with other vascular 
risk factors. Patients with small ‑fiber neuropa‑
thies may also present with nocturnal pain, and 
this entity should be considered especially in pa‑
tients with diabetes mellitus. Arthritis, myalgias, 
and radiculopathies are possible causes; howev‑
er, a careful history taking with a thorough phys‑
ical examination should differentiate these con‑
ditions from RLS. Psychiatric conditions should 
also be considered. One such example is Ekbom 
syndrome (delusional parasitosis) whereby indi‑
viduals experience a delusion that bugs are at‑
tacking their bodies, evidenced by concomitant 
visual and tactile hallucinations.15

Nocturnal movements may be seen in normal 
individuals as they transition from the awake 
state to sleep. Among these are hypnic jerks, hyp‑
nagogic foot tremor, and propriospinal myoclo‑
nus. Individuals will often not be aware of these 
symptoms; however, they may be severe enough 
to cause awakening. These movements are not 
the result of an uncomfortable sensation, which 
helps differentiate them from RLS. Sleep ‑related 
rhythmic movement disorder consists of rhyth‑
mic (0.5–2.0 Hz) and stereotyped movements 
such as body rocking, head banging, and head 
rolling and may occur in up to 60% of infants.16 
While these movements are generally believed to 
be self ‑soothing, children tend not to remember 
the movements and adults typically do not re‑
port a volitional component, thus differentiat‑
ing it from RLS.17 Periodic limb movement disor‑
der is common and generally supportive of a di‑
agnosis of RLS; however, this may occur in isola‑
tion without other features of RLS.

Leg discomfort or pain may be accompanied 
by unusual motor activity in a number of condi‑
tions. Painful legs and moving toes syndrome is 
characterized by pain in 1 or more limbs, most 
often the legs, accompanied by repetitive and 
nonrhythmic movement of the digits.18 Many of 
these patients will be diagnosed with peripheral 
neuropathy or radiculopathies.19 A critical distinc‑
tion is that the movements do not provide relief 
unlike in RLS. Disorders such as muscular pain‑
‑fasciculation syndrome can generally be differen‑
tiated from RLS based on the presence of fascicu‑
lations and on the basis that discomfort typically 
does not consistently improve with movement.14 
Cramp ‑fasciculation syndrome can be uncomfort‑
able, resulting in leg movements; however, a thor‑
ough history and physical examination should re‑
veal the presence of cramps or fasciculations or 
both. Electromyography as well as the presence of 
antibodies against voltage ‑gated potassium chan‑
nels are useful to support the diagnosis of cramp‑
‑fasciculation syndrome. Causalgia ‑dystonia syn‑
drome is a rare condition that shows some sim‑
ilarities to complex regional pain syndrome in 

explanation and thus ruling out other explana‑
tory pathology.

In addition to the 5 essential diagnostic cri‑
teria, there are several supportive features that 
may further aid physicians in distinguishing RLS 
from other disorders. These include the presence 
of periodic limb movements (PLMs), dopaminer‑
gic treatment response, the presence of RLS in 
first ‑degree relatives, and the lack of profound 
daytime sleepiness.7 PLMs may occur in sleep 
(PLMS) or wakefulness (PLMW). The diagnostic 
criteria for PLMS include supporting evidence on 
polysomnography, movement frequency exceed‑
ing 15 per hour (>5 per hour in children), second‑
ary sleep disturbance and functional impairment, 
and the absence of a more fitting alternative diag‑
nosis. In a study of 133 patients with RLS, PLMS 
was present in 80.2% of patients and 63% report‑
ed RLS in 1 or more first ‑degree relatives.9 Good 
clinical response to dopaminergic treatment (ei‑
ther levodopa or dopamine agonists) has been 
shown to occur in 60% to 75% of patients.10-12 
While this may be a reasonable means of assist‑
ing the diagnosis process, treatment with dopa‑
minergic agents is associated with the risk of aug‑
mentation, which is discussed in detail in the sec‑
tion on treatment. Although somewhat counter‑
intuitive, patients with RLS typically do not re‑
port daytime sleepiness. An exception to this 
would be in those with severe RLS. Therefore, in 
the absence of severe symptoms, reports of day‑
time sleepiness should prompt evaluation for oth‑
er causes, such as primary sleep disorders or med‑
ication effect. Plazzi et al13 demonstrated a high‑
er prevalence of narcolepsy with cataplexy in 184 
patients with RLS (14.7%) compared with 3% in 
normal controls,13 but this relationship needs to 
be further validated.

Restless legs syndrome mimics While the 5 diag‑
nostic criteria have increased the clinician’s abil‑
ity to differentiate RLS from other conditions, it 
is worthwhile to briefly review the so called mim‑
ics of RLS, as they are frequently encountered in 
general medical practice. Each individual aspect 
of RLS diagnostic criteria may apply to a number 
of other conditions. For this reason, it is useful to 
approach the differential diagnosis in a system‑
atic fashion by assessing whether the symptoms 
satisfy each diagnostic criterion.

Several conditions present with abnormal rest‑
lessness such as akathisia, other hyperkinetic 
movement disorders, psychiatric disorders, or‑
thostatic hypotensive restlessness while sitting, 
and leg stereotypy disorder.14 Akathisia may re‑
sult from medications (ie, neuroleptics and dopa‑
minergic agents), neurodegenerative disorders, or 
infections of the nervous system. Other hyperki‑
netic movement disorders may include myokymia, 
essential myoclonus, orthostatic tremor or my‑
oclonus, or leg stereotypy disorder. Various psy‑
chiatric disorders may include anxiety or depres‑
sion and attention ‑deficit or hyperactivity disor‑
der. Fidgeting may be seen in normal individuals.
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downregulation, as evidenced by decreased stri‑
atal D2‑receptor levels on positron emission to‑
mography and single ‑photon emission comput‑
ed tomography.34,35 Moreover, 11C ‑methylpheni‑
date and positron emission tomography tech‑
niques have demonstrated decreased levels of 
membrane ‑bound dopamine transporter within 
the striatum.36 Dopamine transporter is respon‑
sible for dopamine reuptake at the presynaptic 
terminal. The reduction in its levels may be a sec‑
ondary effect to approach homeostatic equilibri‑
um of intracellular dopamine in striatal dopami‑
nergic neurons. Although there is diurnal varia‑
tion in extracellular dopamine, this is not directly 
correlated with variation in dopamine cell firing.37 
Therefore, our understanding of predominately 
nocturnal symptom manifestation is incomplete.

Advanced genetic testing has provided new in‑
sight into the mechanisms underlying RLS. A re‑
cent meta ‑analysis of 3 genome ‑wide association 
studies identified 13 new risk loci and confirmed 
6 risk loci that had been previously identified.38 
MEIS1 was the strongest genetic risk factor and is 
implicated in neurogenesis and establishing neu‑
ronal connectivity. Other candidate genes con‑
tained within the identified loci are important 
for other aspects of neurodevelopment, includ‑
ing axon guidance (SEMA6D), synapse formation 
(NTNG1), and neuronal specification (HOXB clus‑
ter family and MYT1). According to the authors, 
these findings suggest that dysfunctional embry‑
onic neurodevelopment and neurogenesis may be 
fundamental to the pathogenesis of RLS.38

Treatment The treatment of RLS has evolved in 
conjunction with our increased understanding 
of disease mechanisms. For instance, the clini‑
cal observation of augmentation is one in which 
initial adequate response to dopaminergic treat‑
ments wanes and progresses to a rebound wors‑
ening of disease. Health care providers have treat‑
ed this problem by steadily increasing the dose of 
dopaminergic agents; however, the demonstra‑
tion of postsynaptic D2 ‑receptor downregulation 
supports anecdotal claims that this is the wrong 
approach and only worsens symptoms. In 2016, 
the American Academy of Neurology published 
treatment guidelines for adults with RLS.39 Cur‑
rent treatments for RLS are listed in TAbLEs 1 and 2.

Once the diagnosis of RLS has been made, 
the clinician should determine whether the pa‑
tient has idiopathic RLS or whether RLS is sec‑
ondary to another condition such as pregnancy, 
renal dysfunction, medication effect (eg, neuro‑
leptic agents, dopamine receptor ‑blocking antin‑
ausea medications), or iron deficiency. RLS affects 
from 2.9% to 32% of pregnant women,40,41 and 
pharmacological treatment should be generally 
avoided; however, replenishment of iron stores 
prior to pregnancy may be considered, given that 
low iron levels are associated with an increased 
risk of developing RLS during pregnancy.42

Ekbom4 3 reported iron deficiency in 
25% of patients with RLS. A double ‑blind, 

that it is typically precipitated by minor trauma 
and characterized by painful sensations includ‑
ing allodynia and hyperpathia.20 This condition 
can generally be differentiated from RLS based on 
the presence of dystonia, a history of trauma, and 
the lack of a strong circadian correlation.14 Prop‑
er history taking should screen for intermittent 
claudication, which is typically worse with move‑
ment rather than at rest, distinguishing it from 
RLS. NLC should also be considered in a differ‑
ential diagnosis, and the phenotypic description 
of NLC is discussed further in the text.

Pathophysiology Responses to dopaminer‑
gic agents and iron supplementation have 
been the primary drivers of theories regarding 
the pathophysiological mechanisms underlying 
RLS. These theories have been developed further 
with the aid of improved neuroimaging and ge‑
netic testing techniques and applications.

While the severity of RLS increases with de‑
creased peripheral iron levels and is more prev‑
alent in individuals with iron ‑deficiency ane‑
mia, most patients do not have iron deficien‑
cy as would be detected by serum ferritin lev‑
els.21 A regional iron deficiency within the brain 
has been suggested by studies that demonstrat‑
ed decreased iron levels in the substantia nig‑
ra, putamen, caudate, and thalamus, using mag‑
netic resonance imaging.22-26 This deficiency may 
be the result of impaired iron transport across 
the blood–brain barrier and regional dysfunction 
of transport mechanisms responsible for import‑
ing iron into critical neuronal cells.21 The appli‑
cation of immunohistochemical and protein ex‑
pression techniques has yielded evidence sug‑
gesting that RLS may result from destabilization 
of the transferrin receptor mRNA due to a defect 
within iron regulatory protein 1, ultimately caus‑
ing impaired iron transport within specific brain 
regions, such as the neuromelanin cells of the sub‑
stantia nigra.27 Subsequently, myelin synthesis 
may be impaired, as demonstrated by Connor et 
al.28 Furthermore, some studies have shown an in‑
creased propensity for hypoxia in the leg muscles 
of patients with RLS with a circadian correlation 
consistent with RLS symptoms.29-32 These symp‑
toms may be more consistent with global dysfunc‑
tion of iron regulation.

Despite a fairly reliable response to dopaminer‑
gic therapies, the dopamine hypothesis has also 
become more complicated, and, rather than a sim‑
ple dopamine deficiency, evidence now points to 
increased dopamine turnover. Levodopa is catab‑
olized into dopamine and 3 ‑orthymethyl dopa‑
mine, the elevated levels of which have been dem‑
onstrated in the cerebrospinal fluid of individuals 
with RLS.33 These levels correlate with an increase 
in the levels of homovanillic acid, which is a down‑
stream metabolite of dopamine catabolism. This 
has led investigators to suspect increased tyrosine 
hydroxylase activity resulting in increased dopa‑
mine production. This increase in dopamine lev‑
els is thought to cause a postsynaptic D2‑receptor 
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to patients with RLS, it is associated with a high 
risk of augmentation. In a study by Allen and 
Earley,47 augmentation occurred in 82% of the pa‑
tients, resulting in levodopa discontinuation in 
50%. While levodopa may have a role in patients 
with infrequent symptoms, it should generally 
be avoided in chronic treatment plans. If mono‑
therapy with a α2δ ligand or dopamine agonist 
or a combination therapy proves ineffective, opi‑
oids may be considered. Trenkwalder et al48 dem‑
onstrated short ‑term efficacy with prolonged re‑
lease oxycodone –naloxone. Methadone is a long‑
‑acting opioid antagonist that has shown sus‑
tained therapeutic benefit.49 There is evidence, al‑
though mostly from case reports, that intrathecal 
morphine is effective for patients with refractory 
RLS failing all other treatments.50-55 Large ‑scale 
studies are needed to determine the efficacy and 
safety profile of intrathecal morphine.

There are several nonpharmacological treat‑
ment options that may be beneficial and carry 
minimal risk of adverse effects. These include 
near ‑infrared spectroscopy and pneumatic com‑
pression, which have been demonstrated to be ef‑
ficacious in small randomized control trials.56,57 
Aukerman et al58 demonstrated that 30 minutes 
of aerobic and lower ‑body resistance training ex‑
ercises 3 days per week improves symptoms of 
RLS. Other treatment options have also been re‑
ported, including transcranial direct current stim‑
ulation, repetitive transcranial magnetic stimu‑
lation, transcranial direct current stimulation, 
acupuncture, and tactile/temperature stimula‑
tion such as massage or hot baths (TAbLE 2); how‑
ever, there is little or no evidence to support their 
use.39,57 Currently, the only nonpharmacological 
treatment approved by the US Food and Drug Ad‑
ministration is a vibratory counterstimulation de‑
vice called Relaxis.

Nocturnal leg cramps NLCs, also known as sleep‑
‑related leg cramps, have been reported in roughly 
25% of the population in the United States, with 
6% reporting moderate to severe NLCs.4 A recent 
survey reported cramps related to sleep distur‑
bance in 31% of French patients.59 NLCs can oc‑
cur at any age but are more common and severe 
with increasing age. They are associated with a re‑
duced quality of sleep and a subsequent lower 
health ‑related quality of life.60

Diagnosis The diagnosis of NLC is relatively 
straightforward, as evidenced by the simplicity 
of the diagnostic criteria, which include painful 
muscle contractions occurring at night that are 
relieved by stretching of the affected muscles. As 
mentioned previously, there is a number of con‑
ditions that may present with nocturnal discom‑
fort or cramp ‑like sensations or both.

Although our understanding of the underly‑
ing pathophysiological mechanisms of NLCs is 
incomplete, several commonly associated fac‑
tors have been identified. Activity ‑related factors, 
such as vigorous exercise and prolonged standing, 

placebo‑controlled study of patients with RLS 
with low to normal serum ferritin levels (15–75 
ng/ml) demonstrated symptomatic improvement 
with oral iron therapy.44 Oral iron therapy with 
ferrous sulfate (325 mg/d) taken with vitamin C 
(for improved absorption) is generally recom‑
mended for patients whose serum ferritin concen‑
tration is lower than 75 ng/ml.45 Some patients 
may require intravenous iron administration for 
various reasons, including intolerance to oral for‑
mulations or idiopathic RLS that is refractory to 
other pharmacological agents. Intravenous iron 
administration is associated with anaphylaxis 
and should be used conservatively.

Treatment of idiopathic RLS should aim to min‑
imize exposure to dopaminergic agents in order 
to avoid augmentation. A survey ‑based study of 
266 patients with dopamine ‑treated RLS iden‑
tified 20% of responses consistent with “defini‑
tive or highly suggestive of augmentation” and 
only 25% reporting no indicators of augmenta‑
tion.46 Therefore, a reasonable first ‑line treatment 
is with a α2δ ligand such as gabapentin enacar‑
bil (600 mg in the evening with food) or pregab‑
alin (300 mg/d in the evening). If treatment with 
these agents is unsuccessful, then adjunct thera‑
py with a dopamine agonist is warranted. While 
a combination therapy of levodopa with a decar‑
boxylase inhibitor (eg, carbidopa or benserazide 
hydrochloride) provides the most rapid benefit 

TAbLE 1 Treatments for restless legs syndrome currently approved by the US Food 
and Drug Administration

Intervention Dose (starting, therapeutic) mg/d

Ropinirole 0.25, 0.25–4.0

Pramipexole 0.125, 0.25–0.5

Rotigotine patch 1.0, 1.0–3.0

Gabapentin enacarbil 600, 600

Relaxis (vibrational counterstimulation) –

TAbLE 2 Treatments for restless legs syndrome that are currently not approved by 
the US Food and Drug Administration

Intervention

Cabergoline

Levodopa

Pregabalin

Oral iron

Ferric carboxymaltose

Iron sucrose

Prolonged ‑release oxycodone/naloxone

Exercise

Near ‑infrared spectroscopy

Pneumatic compression

Repetitive transcranial magnetic stimulation

Transcranial direct current stimulation

Acupuncture

Massage

Hot baths
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motor phenomena, such as voluntary activity or 
dystonia, which appear similar except that dys‑
tonia consists of involuntary cocontraction of ag‑
onist and antagonist muscles and patients will 
commonly assume abnormal postures as a result.

It is generally accepted that cramps are a neu‑
rogenic process; however, their origin remains 
a topic of debate. Studies aimed at answering 
this question have used several methods to illic‑
it cramps, such as direct electrical stimulation of 
nerves, which has demonstrated a lower thresh‑
old of intensity necessary to trigger cramps in 
cramp ‑prone individuals compared with those 
with no history of cramps.70-73 This suggests that 
there may be a physiological predisposition to 
cramps. Fasciculations, a classic “lower motor 
neuron” sign, may be seen during a cramp dis‑
charge, supporting a peripheral origin of cramps.74

NLC is more common with increasing age 
and several predisposing factors tend to occur 
as the patient ages. These include normal age‑
‑related loss of motor neurons, which is more 
pronounced in the legs than in the arms.75 Oth‑
er factors that may increase nerve terminal hy‑
perexcitability include tendon shortening, isch‑
emic disease due to diabetes mellitus and other 
vascular risk factors, as well as prolonged immo‑
bility.76 Currently, there have been no identifiable 
risk loci or causative genes associated with NLC.

Treatment Adequate treatment of NLC can be 
very challenging for physicians. Several nonphar‑
macological strategies may help prevent cramps. 
These include passive stretching and deep tissue 
massage. Acute cramp treatment includes stretch‑
ing the antagonist of the cramping muscle (eg, 
dorsiflexion of the ankle for cramps of the gas‑
trocnemius muscle).

Pharmacological treatment and prevention of 
NLC have been unsatisfactory. Quinine and its 

have been associated with NLCs.61 Multiple stud‑
ies have been unable to demonstrate an associa‑
tion between NLCs and hypovolemia or electro‑
lyte disturbances.62,63 Nevertheless, disturbances 
such as hypocalcemia, hypomagnesemia, hypo‑
glycemia, hyperkalemia or hypokalemia, and hy‑
ponatremia, as well as endocrine conditions such 
as hypothyroidism or hyperthyroidism, diabetes 
mellitus, and Addison disease are considering pre‑
disposing factors.64,65 Conditions that may lead 
to these abnormalities, such as diarrhea, dialysis, 
and cirrhosis, should be considered when evalu‑
ating a patient with NLC. Many neurological con‑
ditions may predispose an individual to develop‑
ing NLC, including nerve root compression, neu‑
ropathy, motor neuron disease, disorders of neu‑
romuscular hyperexcitability, multiple sclerosis, 
dystonia, and Parkinson disease.64 Vascular eti‑
ologies, including peripheral vascular disease and 
Raynaud syndrome, have also been implicated.

NLC is associated with the use of numerous 
medications such as intravenous iron sucrose, 
conjugated estrogens, raloxifene, naproxen, and 
teriparatide.66 Garrison et al67 demonstrated 
that NLC was more likely to occur in the year fol‑
lowing introduction of long ‑acting β2 ‑agonists, 
potassium ‑sparing diuretics, thiazide diuretics, 
and, to a lesser degree, statins and loop diuretics.

Pathophysiology The pathophysiological mecha‑
nisms underlying cramps and secondarily NLC are 
poorly understood, and this has been the focus 
of numerous clinical electrophysiological studies. 
Electromyography demonstrates cramp discharg‑
es during muscle cramps. However, a variability 
in firing rates has been reported in various stud‑
ies, with most of them suggesting 40 to 60 Hz68 
and some suggesting higher rates,69 in a sput‑
tering fashion with an abrupt onset and cessa‑
tion. This distinguishes them from other similar 

TAbLE 3 Well ‑studied treatments for the prevention of nocturnal leg cramps (NLCs)

Intervention Dose Study type Studies

Effective treatments

Quinine sulfatea 150–450 mg/d (average, 300 mg/d) Cochrane review El‑Tawil et al78

Vitamin B complex Vitamin B complex capsules 
(fursultiamine, 50 mg; 
hydroxocobalamin, 250 mg; 
pyridoxal phosphate, 30 mg; 
riboflavin, 5 mg) 3 times daily

Randomized, double ‑blind, 
placebo ‑controlled trial

Chan et al83

Diltiazem 30 mg/d Randomized, double ‑blind, 
placebo ‑controlled trial

Voon and 
Sheu84

Naftidrofuryl oxalate 300 mg twice daily Randomized, double ‑blind, 
placebo ‑controlled trial

Young and 
Connolly85

Verapamil 120 mg/d at bedtime Open ‑label prospective study of 
8 patients with NLC

Baltodano 
et al86

Ineffective treatments

Magnesium citrate Various Cochrane review Garrison et al90

Magnesium oxide Magnesium oxide and magnesium 
oxide monohydrate 865 mg/d (520 
mg/d of free elemental magnesium) 

Randomized, double ‑blind, 
placebo ‑controlled trial of 166 
patients with NLC

Roguin Maor 
et al91

a US Food and Drug Administration recommendation against off ‑label use of quinine for leg cramps
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the pathophysiology of RLS. Treatments for RLS 
are numerous, and providers should take caution 
to avoid augmentation that commonly occurs with 
dopaminergic treatments. 

NLC represents a subset of muscle cramps that 
are very common. Many treatments, such as the 
use of quinine and magnesium, have been applied 
despite unsatisfactory efficacy and the presence 
of adverse effects. The FDA has strongly advised 
against the use of quinine for the treatment of 
leg cramps due to the risk of adverse events. Oth‑
er pharmacological approaches have been dem‑
onstrated to be modestly effective and may be 
tried with caution; however, nonpharmacologi‑
cal approaches such as stretching before and af‑
ter exercise, adequate hydration, and correction 
of electrolyte disturbances may be an effective 
and safe means of prophylaxis. Acute treatment 
of muscle cramps is generally limited to length‑
ening the involved muscle by stretching the an‑
tagonist, which for calf cramps may be achieved 
by dorsiflexion of the ankle.

The high prevalence of RLS and NLC, along with 
their subsequent impact on the quality of life, has 
been and will likely continue to be a driving force 
for clinicians and researchers to investigate their 
pathophysiological mechanisms in the hope of de‑
veloping more effective treatments.
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derivatives have been used to prevent cramps 
for decades. A meta ‑analysis of 8 randomized, 
double ‑blind, placebo ‑controlled trials demon‑
strated that quinine is efficacious in the preven‑
tion of NLCs.77 One limitation to this study was 
that 4 of the included studies were unpublished, 
giving rise to publication bias. Beyond this, most 
of the quality studies have looked at prevention 
of muscle cramps in general. This includes a 2015 
Cochrane review that assessed quinine at doses 
ranging from 200 to 500 mg/d (most commonly, 
300 mg/d). The authors concluded that there was 
low ‑quality evidence that quinine significantly re‑
duces cramp number or cramp days but moder‑
ate quality evidence for a reduction in cramp in‑
tensity.78 Quinine has been associated with seri‑
ous adverse effects; however, the authors dem‑
onstrated moderate quality evidence that its use 
for up to 60 days is not associated with more se‑
rious adverse events compared with placebo, al‑
though minor side effects, most commonly gas‑
trointestinal symptoms, occurred more often.78 
Quinine has previously been associated with se‑
rious and potentially fatal immune ‑mediated re‑
actions, such as thrombocytopenia, with an inci‑
dence rate of 1.7/1000 person ‑years.79 These re‑
actions generally occur within 3 weeks of start‑
ing quinine. While they are not dose dependent, 
other complications of quinine are dose ‑related, 
including chronic visual impairment or blindness 
and death secondary to cardiac dysfunction.80,81 
In 2006, the FDA strongly advised against the off‑
‑label use of quinine for leg cramps.82 The treat‑
ments that have been systematically studied to 
determine their effectiveness in specifically pre‑
venting NLC are listed in TAbLE 3.

Magnesium supplementation is marketed for 
muscle cramp prophylaxis despite numerous stud‑
ies that have failed to demonstrate its efficacy, 
with the exception of a double ‑blind, random‑
ized, placebo ‑controlled study of pregnant wom‑
en.92 Other trials and a Cochrane review looking 
at the efficacy of magnesium citrate failed to show 
a significant benefit.87-90 Most recently, in a ran‑
domized, double ‑blind, placebo ‑controlled clini‑
cal trial, Roguin Maor et al91 demonstrated that 
oral magnesium oxide was not superior to place‑
bo for older adults experiencing NLC. They also 
showed a reduction in the weekly occurrence of 
NLC of 3.41 and 3.03 in the treatment and pla‑
cebo groups, respectively. The authors conclud‑
ed that the improvement on placebo is likely con‑
tributing to the ubiquitous marketing and use of 
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Conclusions RLS and NLC are 2 common condi‑
tions that constitute unique challenges for health 
care providers with regards to diagnosis and treat‑
ment. This is partially due to our incomplete un‑
derstanding of the pathophysiological mecha‑
nisms underlying these conditions. Genome‑
‑wide association studies have been instrumen‑
tal in providing new genetic loci suggesting that 
impaired neurodevelopment may play a role in 
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