Restless Legs Syndrome: A Review from Causation to Cure

By

Mustafizur Rahman
19146023

A thesis submitted to the School of Pharmacy in partial fulfillment of the requirements for
the degree of Bachelor of Pharmacy (Hons.)

School of Pharmacy
BRAC University

February 2023

© 2023. BRAC University

All rights reserved.



Declaration

It is hereby declared that

1. The thesis submitted is my own original work while completing degree at BRAC University.

2. The thesis does not contain material previously published or written by a third party, except
where this is appropriately cited through full and accurate referencing.

3. The thesis does not contain material which has been accepted, or submitted, for any other
degree or diploma at a university or other institution.

4. 1 have acknowledged all main sources of help.

Mustafizur Rahman
19146023



Approval

The thesis/project titled “Restless Legs Syndrome: A Review from Causation to Cure”
submitted by Mustafizur Rahman (19146023) of Spring 2019 has been accepted as
satisfactory in partial fulfillment of the requirement for the degree of Bachelor of
Pharmacy.

Supervised By:

Farugue Azam
Lecturer
School of Pharmacy

BRAC University

Approved By:

Program Director:

Professor Dr. Hasina Yasmin
Program Director and Assistant Dean
School of Pharmacy

BRAC University

Dean:

Professor Dr. Eva Rahman Kabir
Dean
School of Pharmacy

BRAC University



Ethics Statement

This study comprises no human or animal trial.



Abstract

Restless legs Syndrome (RLS) is a common neurological disorder which manifests as an urge to
move the legs when at rest. The disease is often misdiagnosed due to its low recognition and
patient’s difficulty to explain their symptoms. The exact mechanism in which the disease develops
is still unknown and the pathogenesis is based on different hypothesis. A universal treatment plan
for this disease is also unknown and every patient needs individualized treatment depending on
their condition. Different conditions have been proved to be associated with this disease such as,
Iron Deficiency Anemia, Diabetes Mellitus and End Stage Renal Disease. This review article
emphasizes on the pathogenesis of the disease based on different hypothesis. It also establishes
connection between this disease and other conditions. Lastly, it provides individualized treatment

plans for each category of patients based on evidence.
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Chapter 1
Introduction

1.1 Background

The symptoms of RLS include an urge to move in order to alleviate the painful feelings, most often
while sitting or while trying to sleep. This urge may be relieved by walking, stretching or even just
shifting position slightly. The patients always describe the unpleasant sensations as creeping,
crawling, tingling, pulling or painful deep inside the limbs (Trenkwalder et al., 2005). These
unpleasant sensations can occur unilaterally or bilaterally with the knees, the ankles, or even the
whole lower limbs (Trenkwalder et al., 2005). The patient's ability to sleep is often disrupted as a
result. When a patient has RLS and seeks consultation in clinical practice, the most frequent
complaint they have is that they cannot sleep (Mohri et al., 2008). It has a pronounced circadian
rhythm, which manifests as a worsening of symptoms in the evening and a brief remission in the
morning shortly after waking up (C. Kushida et al., 2007). If the condition is allowed to progress
for a longer period of time, it is more probable that the symptoms may spread to other parts of the
body such as, the arms, rather than only the legs. It is not unheard of for individuals to acquire arm
restless syndrome in conjunction with the progression of illness (Freedom & Merchut, 2003).
Movements such as, walking, stretching or bending the legs provides at least temporary and partial

relief from the soreness (Trenkwalder et al., 2005).

The degree to which Health Related Quality of Life (HRQOL) is negatively impacted by RLS is
directly proportional to the severity of the patient's symptoms. The 36-ltem Short Form Health
Survey (SF-36), which measures HRQOL, is a survey that has 36 questions and is used to generate
eight scales related to physical and mental health as well as health transition (Guo et al., 2017). The
majority of patients present with fairly moderate symptoms; only 11.9% of those individuals seek
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medical attention and only around 3.4% of all patients need medication therapy (W. Hening,
2004). The most significant morbidities, apart from intense pain, were a loss of sleep and a

disruption of routine activities (Trenkwalder et al., 2005). Patients who presented with mild

or moderate symptoms reported experiencing pain less often, with a lower intensity, and with
the symptoms having less of an impact on their ability to sleep. When compared to the
general population, individuals who reported having severe or very severe RLS symptoms
invariably indicated obvious deficiencies in various parameters (Trenkwalder et al., 2005).
Patients who are seriously impacted may complain of having problems with their everyday lives,
including their employment and their social activities. This might be because they are not getting

enough sleep at night (C. A. Kushida, 2007). The quantity and quality of sleep as well as

daytime alertness may all play a role in the development of sadness and anxiety (Stevens, 2015).

Patients with primary RLS are those who do not have any underlying ailment that may explain the
reported symptoms. This kind of RLS is the most frequent form of the condition (Symvoulakis et
al., 2010). This shows that there is a genetic tendency for RLS, since around 6 out of every 10 of
these individuals have a family history of the condition (Montplaisir et al., 1997). Once it begins, it
is often a disorder that lasts a person’s whole life but may progress clinically in a variety of ways
(Allen et al., 2003; Rodrigues et al., 2009). Those who are afflicted by RLS at a younger age are
more likely to have a history of the illness in their families than those who are affected at an older

age (Winkelmann et al., 2000).

The term secondary form of RLS refers to RLS that is caused by certain medical circumstances. RLS
may first manifest itself during pregnancy or may become more severe as a result of this condition

(Symvoulakis et al., 2010). In research that included 500 pregnant women, 19% of the women had



this disease (Chapman et al., 1988). This is a very harmless type of RLS, which often reaches its
worst symptoms during the third trimester of pregnancy and has a propensity to go away following
delivery (Manconi et al., 2004). RLS has been linked to inadequate iron storage on many occasions
(Symvoulakis et al., 2010). According to the findings of certain studies, a serum ferritin level that is
lower than 50 mcg/l may be associated with a more severe manifestation of RLS symptoms. The
symptoms show signs of improvement after treatment with iron replacement therapy (Aul et al.,
1998; Sun et al., 1998). In addition, people with renal disease are often afflicted by this condition
(Gigli et al., 2004; Goffredo Filho et al., 2003; Winkelman et al., 1996). It has been found that the
prevalence of RLS in this group of patients varies anywhere from 20% to 57% (Symvoulakis et al.,
2010). RLS may go into remission in some patients after they get a kidney donation (YYasuda et al.,
1986). Researchers discovered that roughly 30% of the individuals in their cohort who had
polyneuropathy also suffered from RLS. The majority of the RLS patients presented with a condition
known as small fiber sensory neuropathy (Gemignani et al., 2006). There is evidence that some
drugs, such as, tricyclic antidepressants, selective serotonin reuptake inhibitors, lithium, dopamine
antagonists and caffeine may make RLS symptoms worse or cause them for the first time

(Symvoulakis et al., 2010).

1.2 Epidemiology

The prevalence of RLS has been estimated to fall anywhere between 5% and 10% among populations
of Caucasians, particularly those of European and North American descent, although the frequency is
lower in Asian nations. However, if only clinically significant RLS is included (i.e., occurring one to
two times per week and causing moderate to severe discomfort), a prevalence of 2% to 3% is
recorded. Notable fact is that the prevalence of the disease is twice as high in women as it is in men,

and that older individuals are more likely to be affected by the disease than children and adults: the



prevalence of the disease grows up to 60—70 years of age (Allen et al., 2005; Ito & Inoue, 2015).

Although children are less likely to be affected, RLS does occur in children, and its frequency is
believed to be somewhere around 2% in the pediatric population. It might be difficult to describe the
symptoms of RLS in younger children, which can lead to the condition being underreported. RLS is
more common in school-aged children and teenagers (2-4)%, who are more likely to display
clinically severe RLS. As a result, RLS is most prevalent in this age group (Ito & Inoue, 2015;

Picchietti & Stevens, 2008).

RLS may be divided into two categories: early-onset, which occurs in patients less than 45 years
old and late-onset, which occurs in patients older than 45 years old. The symptoms of early-onset
RLS tend to develop slowly and are more likely to run in families,while the symptoms of late-
onset RLS may proceed more quickly and are more likely to be linked with concomitant

conditions, most notably an iron deficiency (Wijemanne & Ondo, 2017).

1.3 Impact on Health

The effect on one's quality of life that is caused by RLS is comparable to that which is caused by
type 2 diabetes and osteoarthritis (Allen et al., 2005; Happe et al., 2009). There is a correlation
between increased symptom intensity and severe psychological impairment across a number of
different psychological areas (Leschziner & Gringras, 2012). Patients who have the condition have
longer adjusted sleep latencies and a higher arousal index compared to controls (Winkelman et al.,
2009) and they report having difficulties starting sleep, difficulty sustaining sleep and unrefreshing

sleep two to three times more frequently than controls do (Ohayon et al., 2012).

In addition, there is mounting evidence that RLS is linked to metabolic dysregulation, autonomic

dysfunction and an increased risk of cardiovascular disease (Leschziner & Gringras, 2012). A



recent in-depth systematic analysis of 629 sources came to the conclusion that the condition is
significantly associated cardiovascular diseases, probably associated with diabetes and impaired
glucose tolerance and may be only moderately associated with body mass index and dyslipidemia
(Innes et al., 2012). It is possible that RLS contributes to an increased risk for these disorders,
possibly through chronic activation of the sympathetic nervous system and the hypothalamic-
pituitary-adrenal axis; alternatively, these conditions may contribute to an increased risk for the
syndrome; or RLS may be linked to these disorders through shared risk factors (Leschziner &

Gringras, 2012).

1.4 Associated Characteristics

Insomnia: At least 14 research investigations involving sleep clinic, primary care and community-
based populations corroborated the clinical observation that insomnia is a major and uncomfortable
consequence of untreated RLS. Varying research populations (clinic vs community) as well as
different criteria for the diagnosis of RLS and sleep-related symptoms, are likely to account for
differences in the findings of the various studies. However, research that use questionnaires and
interviews, both uncontrolled and controlled, consistently reveal that between 50% and 85% of
RLS patients suffer from a form of insomniathat is both troublesome and affects both the onset and
maintenance of sleep. The prevalence of insomnia complaints in patients with RLS is much greater
than in controls based on research that was conducted in community-based controlled trials. Sleep
problems have also been established by polysomnographic studies. To summarize, insomnia is a
substantial contributor to the morbidity that individuals with RLS experience (Earley & Silber,

2010).

Anxiety disorders: When compared to the general population, the percentage of those suffering



with RLS who also have anxiety problems is much higher (Mackie & Winkelman, 2015). One
research compared more than 2000 members of the general population who suffered from various
ailments with 130 patients who were diagnosed with RLS after undergoing a standardized diagnostic
interview and found that patients diagnosed with RLS were shown to have a significantly higher
frequency of anxiety disorders. RLS was associated with panic disorder and generalized anxiety

disorder most significantly (Winkelmann et al., 2005).

The cause-and-effect relationship of RLS and anxiety disorders is probably not straightforward.
The etiologic processes are not fully known. It is possible that people are predisposed to both
illnesses due to a similar neurobiological and genetic substrate, or it is also possible that one
condition plays a causative role in the onset of the other disorder. Patients with RLS stated that the
beginning of their RLS symptoms happened prior to the mental condition. Although there are other
conceivable reasons, this shows that the mental disease may be induced by RLS in at least some
individuals. This is despite the fact that there are other possible causes (Mackie & Winkelman,

2015).

There are many possible processes that may be at play when RLS is the cause of or a contributing
factor in anxiety disorders. Patients who suffer RLS commonly have anticipatory anxiety about the
pain of their symptoms and loss of sleep. This anticipatory anxiety may aggravate a propensity to an
anxiety disorder (Mackie & Winkelman, 2015). In normal volunteers, losing sleep raises
sympathetic tone and heightens the overall mood of anxiety (Baum et al., 2014; Klumpers et al.,
2015). Patients who already have panic disorder are more likely to develop panic attacks when they
experience severe sleep loss (Roy Byrne et al., 1986). Insufficient sleep may also play a role in the
development of panic disorder in some RLS patients who are predisposed toward panic attacks

(Mackie & Winkelman, 2015).



Neuropathies: There has been a link established between RLS and neuropathies. On the other
hand, the link is convoluted and the extent to which neuropathy and RLS are associated is
unknown. Neuropathy is more common in those who do not have a family history of RLS; it might
entail sensory complaints and it manifests in adulthood rather than childhood (Allen & Earley,
2001). A study used skin biopsies to diagnose small-fiber neuropathy in RLS patients complaining
of sensory dysesthesias found that 80% of those patients who had abnormal skin biopsies had a
late age of symptom development, compared to just 18% of those patients who had normal skin
biopsies (Polydefkis et al., 2000). There are additional case reports that relate RLS to other
ilnesses that present with neuropathy. In addition, it seems that people who have RLS are more
likely to have the neuropathy that is linked with rheumatoid arthritis and diabetes (Allen & Earley,

2001).

1.5 Research Gap

Two research gaps that have been found regarding the topic of this project:
e The pathogenesis of this disease is still unknown.

e An optimum treatment plan is a clinical unmet need.

1.6 Objectives of the Study

The main objectives behind this review paper are:
e To discuss the pathogenesis of this disease based on different hypothesis.
e To establish the relationship of different conditions to the pathogenesis of this disease.

e To identify treatment plan for each category of patients based on evidence.



1.7 Significance of the Study

Major significance of the review paper is:

Role of iron and dopamine to the pathogenesis of the disease.

Evidence that different drugs can induce this disease.

Evidence that different conditions can contribute to the pathogenesis of the disease.
Treatment for general patients.

Treatment for children and pregnant woman with the disease.

Probable reasons behind treatment failure of this disease.



Chapter 2

Methodology
PubMed Database was searched for studies related to “‘restless legs syndrome’’. The term “restless

legs syndrome” was crossed with, “pathogenesis”, “treatment” and “prevalence”. Any studies

which were based on other languages rather than English were excluded. Any studies which had

outdated information as well as any studies without peer-review were also excluded.



Chapter 3
Pathogenesis

3.1 Iron Hypothesis

Iron deficiency is the single most important and well-defined key environment factor associated with
RLS. The pioneering RLS experiments conducted by Ekbom and Nordlander made note of this
inadequacy in the data (Allen, 2015). The extent of RLS rises with a reduction in peripheral iron (Sun
et al., 1998), and the frequency of this condition is about nine times higher in iron deficiency anemia
than in normal populations (Allen et al., 2013). All disorder that lower iron level is proved to be linked
to a greater danger for RLS and waking early in the night. In addition, in some instances, effective
management of the iron shortage might lessen the extent of RLS symptoms (Allen, 2015). However,
the vast majority of RLS patients have usual levels of serum ferritin and there is no evidence to suggest
that their peripheral iron reserves are aberrant. It seems that the iron status in the central nervous
system is more important to the pathophysiology than the peripheral iron levels (Earley et al., 2000;

Mizuno et al., 2005).

Iron deficiency in the brain is the single most well-documented biochemical anomaly associated with
RLS (Allen, 2015). Based on initial reports and Magnetic Resonance Imaging (MRI) of the substantia
nigra and red nucleus, there was a reduction in the amount of iron found in the brain (Allen et al.,
2001). At this point, a lack of iron in the brain as a cause of RLS has been shown in six separate
investigations, each of which used a unique methodology and was conducted in a separate laboratory
(Allen et al., 2001; Earley et al., 2006; Godau et al., 2008; Moon et al., 2014; Rizzo et al., 2013;
Schmidauer et al., 2005). The substantia nigra is the region of the brain that display lower iron most

consistently. The putamen and the caudate also show iron deficiency to a lesser degree (Allen, 2015).
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Recent research using more sophisticated measurement techniques has shown evidence of reduced
iron status in the thalamus (Rizzo et al., 2013). The iron deficit is thought to be mostly regional and
the impacted regions involve not just iron excessive regions like the substantia nigra but also iron
deficient places, notably the thalamus. Some iron-excessive regions have not showed a consistent
reduction in iron for RLS (e.g., cerebellar dentate nucleus). In light of this, it would seem that the
pathogenesis involves a regional brain iron deficiency, which is present in the majority of RLS

patients despite their usual iron level (Allen, 2015).

The transformation in iron regulatory proteins that were observed in RLS autopsy investigations
indicate a relationship that is unexpectedly complex. L-ferritin is found in higher levels in the brains
of people with RLS than H-ferritin. More so than L-ferritin, H-ferritin is responsible for the
transportation and accommaodation of iron (Allen, 2015). In neuromelanin cells of the substantia nigra,
the level of transferrin receptor is lowered, which is the opposite of the reaction that would normally
be anticipated in response to reduced iron status (Connor et al., 2004). The process by which iron is
transported into the brain provides a more comprehensive picture rather (Allen, 2015). The
evaluation of the micro vessels in the motor cortex by autopsy revealed a decrease in the activity of
iron regulatory protein-1, which was associated with a decrease in the iron intake/storage proteins of
transferrin receptor, transferrin and H-ferritin. However, there was no change in the amount of
ferroportin, which is the protein responsible for iron export. Therefore, a consistent pattern of
decreased iron transport into the brain and more specifically, into the neuromelanin cells of the
substantia nigra has been identified (Connor, Ponnuru, Wang, et al., 2011). Iron transport was also
impaired in the choroid plexus. The epithelial cells had lower levels of iron and H-ferritin, which is
consistent with having an iron deficiency. However, these cells had higher levels of mitochondrial
ferritin, which indicates greater iron uptake by the mitochondria. The iron regulating proteins in the

choroid plexus are upregulated, which results in an increase in both cellular iron intake (through the
11



transferrin receptor and transferrin) and iron export (ferroportin) (Connor, Ponnuru, Wang, et al.,
2011). These cells have a design that is compatible with a faster yield of iron, which would feed an
enhanced mitochondrial iron level (Allen, 2015). In the cells of the substantia nigra, an elevated level
of mitochondrial ferritin was also discovered, although this was not the case in the putamen (Snyder
etal., 2009). It seemed that there were more mitochondria in these cells, which resulted in an increased
requirement for iron. Therefore, it would seem that the mitochondria have obtained their iron excess

at the price of cytosolic iron and a total cytosolic cellular iron shortfall (Allen, 2015).

To conclude, Brain iron deficiency in RLS patient is characterized by a malfunction to deliver enough
iron transport across the blood brain barrier, which is then accompanied by a regional malfunction
to intake enough iron inside the neuromelanin of the substantia nigra. The intriguing and potentially
significant discovery of greater mitochondrial ferritin and iron yield in the choroid plexus and maybe
the substantia nigra may indicate a basic component of the iron hypothesis that needs additional

research (Allen, 2015).

Hypoxia and myelin loss are the two primary predicted pathophysiologic outcomes of brain iron
shortage, and they have both been observed. The ability to transport oxygen is dependent on iron,
therefore a reduction in iron should be interpreted as a possible warning sign of hypoxia.lt has been
discovered that there is an elevation of the hypoxia inducible factor 1-alpha in the substantia nigra
of RLS patients. In the microvessels, there was an increase in the levels of both the hypoxia inducible
factor 2-alpha and the vascular endothelial growth factor (Snyder et al., 2009). In spite of the fact
that there was no clear evidence of true hypoxia, these variations were nevertheless seen (Allen,

2015).

In two separate trials, individuals with RLS had hypoxia in their leg muscles, which could not be

explained by their activity levels. It's possible that these are the after effects of a more widespread

12



iron management issue (Wahlin Larsson et al., 2007; Wahlin-Larsson et al., 2009). Recent research
has shown to an increased disparity in blood flow in the morning and blood flow in the evening in
RLS patients (Oskarsson et al., 2014) as well as relative hypoxia in the leg muscles of these patients
(Salminen et al., 2014). It is possible that hypoxia or the activation of hypoxic pathways is one of
the pathways that leads to RLS symptoms (Allen, 2015). This discovery may explain why there is
such a high frequency of RLS in those who have chronic obstructive pulmonary disease

(Benediktsdottir et al., 2010; Kaplan et al., 2008; lo Coco et al., 2009).

The formation of myelin is dependent on iron, and a lack of brain iron in animals results in a
reduction in the amount of myelin proteins, lipids and cholesterol (Ortiz et al., 2004; Yu et al., 1986).
It is reasonable to anticipate that the brain iron deficiency associated with RLS will result in a little
but considerable reduction in myelin. Imaging studies showed substantial reductions in the amount
of white matter in the corpus callosum, anterior cingulum, and precentral gyrus, which supported this
theory (Allen, 2015). In addition, postmortem examinations revealed a reduction (25%) in myelin
proteins (Connor, Ponnuru, Lee, etal., 2011). This extent of myelin deficiency might be a contributing

factor in RLS symptoms (Allen, 2015).

Table 1: Prevalence of RLS in Iron Deficiency Anemia.

Reference Country Method Age (Years) RLS % (Sample
size)
(Telarovi¢ & | Croatia Interview 34 (Mean age) 29% (231)

Condi¢, 2019)

(Kolukisa et al., | Turkey Interview 38.3 for RLS and | 41.1% (51)
2016) 38.8 for non RLS
(Mean age)

13



(Rangarajan & | India Interview 18+ 34.3% (64)

D’Souza, 2007)

(Bae et al., 2021) Korea Interview 54.02 for RLS & | 40.3% (124)

47.22 for non RLS

(Mean age)
(Allen, Auerbach, et | USA Interview 45.6 (Mean age) 31.5% (251)
al., 2013)
(Akyol et al., 2003) | Turkey Interview 24-66 for RLS and | 41.1% (34)

21-58 for non RLS

3.2 Dopamine Hypothesis

Dopaminergic medications, more specifically selective D3 receptor agonists, are very useful in the
treatment of RLS. These medicines serve both as supporting criteria for the diagnosis and as first-
line therapy with quick effectiveness. On the other hand, neuroleptics, which are dopamine
antagonists, may either initiate or exacerbate RLS. Based on these data, it seems that the
dopaminergic system plays a significant part in the pathophysiology of RLS. Dopamine availability
may be affected by iron deficiency, since iron is a cofactor for the enzyme tyrosine hydroxylase,
whose activity is the rate-limiting step in the conversion of levodopa to dopamine. On the other hand,
a primary dopaminergic deficiency in RLS patients has never been satisfactorily shown (Dauvilliers

& Winkelmann, 2013).

The results of previous neuroimaging investigations using either Single Photon Emission
Computerized Tomography (SPECT) or Positron Emission Tomography (PET) scans have indicated
unreliable modifications in the basal ganglia's dopamine receptor D2 or D3 binding. These findings

include statements of declines and inclines. Though, a more recent investigation found considerably
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decreased dopamine transporter (DAT) attachment with unaltered overall cellular DAT in the
putamen and caudate, but not in the ventral striatum (Earley et al., 2011). Cerebrospinal fluid (CSF)
investigations on dopamine metabolites are similarly unreliable in RLS; however, one study
revealed magnificent rise in 3-ortho-methyldopa and homovanillic acid, which stimulates
dopaminergic system in severe RLS patients (Allen et al., 2009). Other CSF studies on dopamine
metabolites in RLS have also been inconsistent. A recent neuropathological study showed some
dopaminergic abnormalities in the brain tissue of people with RLS. Specifically, there was a
significant decrease in D2 receptors in the putamen, which correlated with the severity of RLS.
However, there were no changes in receptor 1 or dopamine transporters (Dauvilliers & Winkelmann,
2013). Tissues taken from people with RLS in their brains revealed large elevations in the enzyme
tyrosine hydroxylase in the substantia nigra, but not in the putamen (Connor et al., 2009). These
fascinating results, which reflect an abnormally engaged dopaminergic pathway, have also been
described in both animal and cell models of iron deficiency. As a result, they provide more support

for the notion that RLS is a primary iron deficiency disease (Dauvilliers & Winkelmann, 2013).

Recent research has shown that individuals with RLS have an increased glutamate/glutamine level in
their thalamus, which correlates with sleep-wake pattern disruption (Allen, Barker, et al., 2013).
These findings point to the engagement of non-dopaminergic neurons, more especially
glutamatergic system ones, in the underlying disturbances in sleep-wake patterns that are associated
with RLS. According to these findings, it seems that dopaminergic system causes a more supporting
part in the motor components of RLS, whereas non-dopaminergic neurons, notably the glutamatergic
system ones, may be involved in the underlying sleep-wake pattern disruptions (Dauvilliers &

Winkelmann, 2013).

If RLS is caused by a hyperdopaminergic condition, then the apparent issue that arises is why therapy

15



with dopamine agonists or L-DOPA may reduce the symptoms of RLS (Khan et al., 2017). RLS is
characterized by an increase in the overall amount of dopaminergic activity, which in turn leads to a
downregulation of dopamine receptors. In RLS, there is a circadian system of dopamine action that
shows stimulation at the time of sunrise and throughout the day, then relative inhibition after sunset.
This occurs despite the fact that total dopamine activity is likely increased. RLS symptoms may be
caused by a condition of dopamine insufficiency that develops during the evening hours as a result
of the combination of dopamine receptor downregulation and reduced dopamine activity throughout
the night. As a result, supplying extra dopamine activity, whether by dopamine agonism or enhanced

L-DOPA, assists in alleviating the signs of RLS (Allen, 2015; Earley et al., 2014).

3.3 Drug Induced RLS

The side effects of antipsychotic, antidepressant and Antiepileptic medications are similar to the
symptoms of RLS (Perez-Lloret et al., 2012). Therefore, several medications have the potential to
cause RLS symptoms in persons who are already predisposed to developing them. This is because
these treatments have the potential to cause RLS symptoms to become more severe. Treatment for
each person must be individualized, one-of-a-kind, and maybe collaborative amongst many fields
(psychiatric, neurological, somnology). Furthermore, a close eye should be kept on patients with
pharmacoresistant RLS who also have mental comorbidities that need psychotropic medication

(Chenini et al., 2018).

Antidepressants: RLS is a condition that may be caused by some antidepressants with serotonergic
action or made worse by RLS that was already present (Hoque & Chesson, 2010; Rottach et al.,
2008). The tetracyclic antidepressants are the potent triggers of RLS: nearly 28% of subjects on

mirtazapine obtain or see an aggravation. whereas RLS only impacts around 9% of individuals overall
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who are taking antidepressants (Rottach et al., 2008). Some medications such as, tricyclics, selective
serotonin reuptake inhibitors and serotonin norepinephrine reuptake inhibitors are also capable of
causing RLS. Regarding monoamine oxidase inhibitors, there is no dependable evidence available
(Hoque & Chesson, 2010). Even though bupropion has been suspected of triggering Periodic limb

movements in sleep, it is not known to cause RLS (Bayard et al., 2011).

Neuroleptics: RLS may be made worse or induced by using any neuroleptic, with the exemption of
aripiprazole, which is a partial dopamine agonist. They are also capable of causing akathisia, which
may produce symptoms similar to those of RLS, but without the evening worsening or improvement
brought on by activity that is typical of RLS. With the exception of domperidone, the vast majority

of antiemetics as well as some tranquilizers are also obtained after neuroleptics (Chenini et al., 2018).

It is vital to make the anesthetist aware that a patient with RLS is contraindicated to droperidol
(Karroum et al., 2010; Raux et al., 2010). The use of droperidol to reduce nausea and constipation

IS common in perioperative anesthesia and when initiating a morphine pump (Chenini et al., 2018).

Sodium oxybate: Oxybate sodium therapy, which is approved for the treatment of narcolepsy, may

sometimes elicit RLS and periodic leg movements in sleep (Abril et al., 2007).

Lithium: Treatment with lithium has been linked to the development of RLS in certain patients, most

likely in those who were already susceptible (Terao et al., 1991).

Tramadol hydrochloride: Tramadol hydrochloride, which is often used to treat RLS and the
occasional aggravation of RLS, has been proven to make RLS symptoms worse (Hoque & Chesson,
2010; Perez-Lloret et al., 2012). However, a number of the doctors prescribe it on a daily basis and
find that it is effective in treating persistent RLS. It is important not to rule out the possibility of

using it as a treatment for pharmacoresistant RLS, particularly in individuals who cannot take other
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morphinics or derivatives of them due to medical conditions (Chenini et al., 2018).

Antihistamines: Because hypnotic antihistamines are phenothiazines, which are derivatives of

neuroleptics, using them might make RLS worse (Chenini et al., 2018).

Table 2: Antipsychotic induced case reports.

Reference Drug Dose Age Concurrent Comments
/Frequency /Sex Disease
(Aggarwal et al., | Olanzapine 10 mg/d | 36/M | Paranoid Olanzapine got replaced by
2010) increased to schizophrenia aripiprazole without relapse of
15 mg/d RLS symptoms.
(Aggarwal et al., | Olanzapine 15 mg/d 29/M | Schizophrenia Patient got relief from RLS after
2010) olanzapine was replaced by
risperidone.
(Bolafios- Aripiprazole |5 mg/d, | 45/F | Major depressive | RLS alleviated after stopping the
Vergaray et al., increased to disorder, drug.
2011) 15 mg/d schizophrenia
(Kang et al., | Olanzapine 5 mg/d | 36/F | Schizophrenia Olanzapine was replaced by
2009) increased to clozapine.
20 mg/d
(Aggarwal et al., | Olanzapine 2.5 mg/d 62/F | Bipolar disorder | Patient got relief from RLS after
2010) type 1l olanzapine was replaced by
quetiapine.
(Kang et al., | Olanzapine 5 mg/d | 34/M | Paranoid RLS symptoms were alleviated
2009) increased to schizophrenia after dose reduction.
20 mg/d
(Kang et al., | Olanzapine 10 mg/d 55/M | Hypomanic RLS symptoms alleviated after
2009) episodes stopping olanzapine.
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(Kang et al., | Olanzapine 5 mg/d | 59/M | Bipolar I disorder | RLS symptoms alleviated after
2009) increased to stopping olanzapine.
20 mg/d
(Kang et al., | Olanzapine Dose titrated | 28/F | Paranoid Dose reduction alleviated RLS
2009) to 20 mg/d schizophrenia symptoms.
(Khalid et al., | Olanzapine 20 mg/d 54/F | Bipolar disorder | RLS symptoms alleviated after
2009) olanzapine was replaced by
aripiprazole.
(Kraus et al., | Olanzapine 10 mg/d | 41/M | Schizophrenia Low alleviation of RLS
1999) increased to symptoms after the dose was
20 mg/d reduced.
(Basu et al., | Olanzapine 10 mg/d | 38/F | Schizophrenia Olanzapine was replaced by
2014) increased to risperidone and RLS symptoms
15 mg/d got alleviated.
(Zhao et al., | Olanzapine 25 mg/d | 59/F | Generalized RLS symptoms got alleviated
2014) increased to 5 anxiety disorder | after stopping olanzapine.
mg/d
(Zhao et al., | Olanzapine 2.5mg/d 51/M | Insomnia RLS symptoms got alleviated
2014) after stopping olanzapine.
(Kumar et al., | Olanzapine 10 mg/d 56/F | Delusional RLS symptoms got alleviated
2014) disorder after adding gabapentin.
(Duggal & | Clozapine 25 mg/d | 26/F | Bipolar disorder | Clozapine replaced by
Mendhekar, increased to olanzapine and RLS symptoms
2007) 50 mg/d resolved.
(Chathanchirayil, | Clozapine 325 mg/d | 29/F | Treatment RLS symptoms persisted with

2011)

increased to

500 mg/d

resistant paranoid

schizophrenia

clozapine use.
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(Raveendranatha | Clozapine Dose 34/F | Treatment Avripiprazole was added with
netal., 2013) increased up resistant paranoid | clozapine and RLS symptoms
to 300 mg/d schizophrenia resolved.
(John et al., | Clozapine Dose 28/F | Major depressive | RLS symptoms resolved after
2014) increased to disorder adding pramipexol with
300 mg/d clozapine.
(Chou et al., | Quetiapine 200 mg and | 47/M | Antidepressant RLS symptoms resolved after
2010) and 125 mg/d induced stopping quetiapine.
Paroxetine respectively mania/depression
(Pinninti et al., | Quetiapine 100 mg/d | 68/F | Insomnia RLS symptoms resolved after
2005) increased to reducing dose.
200 mg/d
(Rittmannsberge | Quetiapine 50 mg/d | 65/M | Major depressive | RLS symptoms after resolved
r & Werl, 2013) increased to disorder after stopping quetiapine.
200 mg/d
(Rittmannsberge | Quetiapine 25 mg/d 41/F | Bipolar disorder | RLS symptoms resolved after
r & Werl, 2013) type 1l stopping quetiapine.
(Rittmannsberge | Quetiapine 50 mg/d | 54/F | Major depression | RLS symptoms resolved after
r & Werl, 2013) increased to stopping quetiapine.
100 mg/d
(Rittmannsberge | Quetiapine 50 mg/d 66/F | Major depression | RLS symptoms resolved after
r & Werl, 2013) stopping quetiapine.
(Rittmannsberge | Quetiapine 50 mg | 33/F | Borderline RLS symptom resolved after
r & Werl, 2013) increased to personality adding pramipexole with
75 mg/d disorder quetiapine.
(Rittmannsberge | Quetiapine 100 mg/d | 49/F | Major depression | RLS symptoms resolved after

r & Werl, 2013)

increased to

200 mg/d

stopping quetiapine.
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(Rittmannsberge | Quetiapine Dose 61/M | Major depression | RLS symptoms resolved after
r & Werl, 2013) increased up dose was reduced.
to 150 mg/d
(Urbano & Ware, | Quetiapine Dose 53/F | Bipolar disorder | RLS symptoms resolved after
2008) increased up type 1l adding ropinirole with
to 600 mg/d quetiapine.
(Webb, 2012) Quetiapine Dose 44/M | Bipolar disorder | RLS symptoms resolved after
increased up type Il stopping quetiapine.
to 600 mg/d
(Michopoulos et | Quetiapine Quetiapine 44/M | Bipolar disorder | RLS symptoms resolved after
al., 2014) and 150 mg/d and type 1 stopping quetiapine.
Venlafaxine Venlafaxine
600 mg/d
(Vohra, 2015) Quetiapine Dose not | 40/F | Schizoaffective RLS symptoms resolved after
reported disorder stopping quetiapine.
(Vohra, 2015) Quetiapine 300 mg/d 43/F | Bipolar affective | RLS symptoms resolved after
disorder stopping quetiapine.
(Vohra, 2015) Quetiapine Dose 39/F | Recurrent RLS symptoms resolved after
increased to depression stopping quetiapine.
250 mg/d
(Vohra, 2015) Quetiapine Dose 38/F | Recurrent RLS symptoms resolved after
increased to depression adding ropinirole with
300 mg/d quetiapine.
(P. H. Chen, | Quetiapine 100 mg/d | 46/M | Bipolar disorder | RLS symptoms resolved after
2016) increased to type 1l stopping quetiapine.

150 mg/d
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(Z. Soyata et al., | Quetiapine 100 mg/d 39/F | Depression RLS symptoms resolved after
2015) adding pramipexol with
quetiapine.
(Wetter et al., | Risperidone 4 mg/d 31/F | Schizoaffective RLS symptoms resolved after
2022) disorder replacing  risperidone  with
quetiapine.
(McCall et al., | Asenapine 5 mg/d 60/F | Major depression | RLS symptoms resolved after
2014) stopping asenapine.
(Ghori et al., | Lurasidone 40 mg/d 71/F | Bipolar disorder | RLS symptoms resolved after
2016) type | stopping lurasidone.
(Horiguchi et al., | Haloperidol 3 mg/d 51/F | Schizophrenia RLS symptoms resolved after
1999) adding clonazepam with
haloperidol.
Table 3: Antidepressant induced case reports.
Reference Drug Dose Age Concurrent Comments
/Sex | Disease
(Chopra et al., | Mirtazapine 15 mg daily 85/M | Mild depression | Mirtazapine stopped and
2011) replaced by low dose gabapentin.
(Agargiin et al., | Mirtazapine 15 mg/d | 45/M | Major depressive | Clonazepam improved RLS
2002) increased to disorder symptoms and insomnia.
30 mg/d
(Chang et al., | Mirtazapine 30 mg | 32/M | Major depressive | Clonazepam treatment failed;
2006) increased 60 episode mirtazapine was substituted by
mg/d cirzodone which improved RLS
symptoms.
(Bahk et al., | Mirtazapine 15 mg/d 56/F | Major depressive | Clonazepam aggravated RLS
2002) disorder symptoms and got replaced by
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paroxetine which eliminated RLS

symptoms completely.

(Pae et al., 2004) | Mirtazapine 15 mg/d | 58/F | Major depressive | Mirtazapine was replaced by
increased to disorder tianeptine and clonazepam which
30 mg/d aggravated  depression.  But
readministration of mirtazapine
didn’t  bring back RLS
symptoms.
(Bonin et al., | Mirtazapine 15 mg/d 33/F | Depression RLS symptoms resolved after
2000) substituting mirtazapine  with
fluvoxamine.
(Prospero-Garcia | Mirtazapine 15 mg/d and | 63/F, | Depression RLS symptoms resolved after
et al., 2006) and 20 mg/d | 50/F, mirtazapine was stopped.
Fluoxetine respectively 41/M
(Park et al., | Mirtazapine 15 mg/d | 64/F | Depression RLS symptoms resolved after
2009) increased to mirtazapine was replaced by
45 mg/d bupropion.
(Makiguchi etal., | Mirtazapine 75 mg/d | 80/F | Depression RLS symptoms resolved after
2015) increased to adding pramipexole.
45 mg/d
(Nader et al., | Citalopram 20 mg/d | 48/F | Major depressive | Citalopram was substituted by
2007) increased to disorder bupropion and sertraline and RLS
60 mg/d symptoms disappeared
completely.
(Hargrave & | Sertraline 25 mg/d 71/M | Dysphoric mood, | RLS symptoms resolved after

Beckley, 1998)

irritability  and

tearfulness

sertraline  was replaced by

lorazepam.
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(Sanz- Paroxetine 20 mg/d 33/M | Adjustment Paroxetine discontinued and RLS
Fuentenebro et disorder and | symptoms resolved.
al., 1996) depressed mood
(Oztiirk et al., | Paroxetine 40 mg/d | 36/M | Obsessive- RLS symptoms resolved after
2006) increased to compulsive adding oxcarbazepine.
60 mg/d disorder
(Page et al., | Escitalopram | 10 mg/d | 34/F | Depression RLS recurred after retrial with
2008) increased to reduced dose. Thus, non-
20 mg/d pharmacological treatment was
chosen.
(Bakshi, 1996) Fluoxetine 20 mg/d | 22/F | Depression RLS symptoms resolved after
increased to stopping fluoxetine.
60 mg/d
(Simpson, 1996) | Nefadozone 100 mg/d | 43/M | Depressive Carbidopa/levodopa  controlled
increased to disorder release and clonazepam were
600 mg/d added at bedtime without
worsening RLS.
(Nikolaou et al., | Duloxetine 60 mg/d 52/F | Major depression | RLS symptoms resolved after
2015) stopping duloxetine.
(Heiman & | Lithium Increased up | 48/F | Manic episodes RLS recurred after retrial with
Christie, 1986) to 1800 mg/d lithium. Thus, lithium was
stopped and RLS symptoms
resolved.
(Terao et al., | Lithium 800 mg/d | 18/M | Obsessive- RLS symptoms resolved after
1991) increased to compulsive reducing dose.
1000 mg/d disorder
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Table 4: Antiepileptics induced case reports.

Reference Drug Dose Age/ | Concurrent Comments

Sex | disease

(J. T. Chen et al., | Zonisamide 100 mg/d | 27/F | Epilepsy Zonisamide was continued for
2003) increased to epilepsy management despite
400 mg/d having RLS.

(Velasco et al., | Zonisamide 100 mg/d | 50/F | Chronic migraine | Zonisamide treatment was

2007) increased to stopped.
200 mg/d
(Bermejo, 2009) | Topiramate 100 mg/d 32/F | Chronic migraine | RLS symptoms resolved after

stopping zonisamide.

(Bermejo, 2009) | Topiramate 150 mg/d 36/F | Severe migraine RLS symptoms resolved after

stopping topiramate.

(Romigi et al., | Topiramate 100 mg/d 26/F | Post traumatic | Topiramate was switched to
2007) epilepsy carbamazepine.

(Romigi et al., | Topiramate 200 mg/d 52/F | Symptomatic Cabergoline reduced RLS
2007) epilepsy symptoms.

3.4 RLS in Pregnancy

The fact that RLS is more common in women who are not pregnant than in those who are pregnant
lends credence to the theory that hormone exposure plays a part in the pathogenesis of the condition.
It is still not understood which hormone is responsible for the most important part of the
endocrinologic storm that occurs during pregnancy. Progesterone and estrogens, both of which
function as neurosteroids, exert a complicated and mostly unexplained regulation on the central

nervous system (Prosperetti & Manconi, 2015). Research on epilepsy shown that estrogens have a
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function that is proconvulsive and that progesterone has a role that is protective against seizures
(Alametal., 2013). When RLS occurs outside of pregnancy, it has been shown that women who use
treatments based on estrogen are more likely to acquire the condition than women who do not use
estrogen (Budhiraja et al., 2012). There may be a correlation between the estrogenic hypothesis and
the high occurrence of symptoms experienced during the 3rd trimester, which is also the time of

pregnancy in which plasmatic levels are at their peak (Prosperetti & Manconi, 2015).

The enzyme tyrosine hydroxylase requires iron and tetrahydrobiopterin as co-factors in order to
produce dopamine. Folate, on the other hand, is necessary for the regeneration of
tetrahydrobiopterin. Because of this, there is a possibility that dopamine synthesis may decrease if
levels of iron or folate are low (Bottiglieri et al., 1992; Kaufman, 1991). Folate, iron and other iron
markers in the serum, such as, ferritin and hemoglobin, are all seen in lower concentrations during
pregnancy compared to when the woman is not pregnant. Two potential causes for this phenomenon
are an increase in total blood volume, which results in a dilution effect, and the consumption of iron
and folate by the developing fetus. An early start to fetal iron and folate use, which leads to a fast
reduction in iron reserves and decreasing serum ferritin, occurs early in pregnancy
(Srivanitchapoom et al., 2014). In addition, if the mother's iron reserves are insufficient at the start
of the pregnancy, this procedure might be exceedingly stressful for the mother (Fenton et al., 1977).
It has been observed that having a low serum ferritin before or during the early stages of pregnancy
is a predictor of RLS developing throughout the pregnancy (Tung et al., 2007). The symptoms of
RLS, on the other hand, improve dramatically after delivery and this improvement is not reliant on
the levels of iron or folate, which will take a longer period of time to regain their previous levels.
As a result, one should not consider this mechanism to be a significant contribution to the

pathophysiology of RLS seen during pregnancy (Srivanitchapoom et al., 2014).
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RLS symptoms may be made worse during pregnancy by a number of psychological problems,
including anxiety, stress, tension, insomnia and fatigue (Manconi, Govoni, de Vito, Tiberio
Economou, et al., 2004). The symptoms of RLS might be brought on by neuropathy or
radiculopathy. The expanding growth of the fetus creates a pressure on the lumbosacral nerve roots
producing RLS symptoms which diminish during birth (Srivanitchapoom et al., 2014). However,one
research indicated that there was no significant difference in the newborn anthropometric values

between the RLS group and the non-RLS group (Manconi, Govoni, de Vito, Economou, et al., 2004).

Table 5: Prevalence of RLS in pregnant woman.

Reference Method Prevalence in Pregnancy (Sample Size)

(Suzuki et al., 2003) Self-administered 19.9% (16528) in all months of pregnancy

guestionnaires

(Manconi, Govoni, de Vito, | Clinical interviews 26.6% (642) in all months of pregnancy

Economou, et al., 2004)

(Tung et al., 2007) Clinical interviews 26.02% (146) in all months of pregnancy
(Harano et al., 2008) Self-administered 2.9% in all months of pregnancy, 1.6% in 1%
guestionnaires trimester, 2.3% in 2" trimester and 3.5% in 3"

trimester (19441)

(Sikandar et al., 2009) Clinical interviews 30% (271) in all months of pregnancy

(Balendran et al., 2011) Self-administered 22.5% (211) in 3" trimester

guestionnaires

(Uglane et al., 2011) Self-administered 34% (251) in all months of pregnancy

guestionnaires

(S.J. Chen etal., 2018) Self-administered 10.4% (461) in all months of pregnancy

guestionnaires

(Wesstrom et al., 2014) Web-based surveys 18.5% (142) in all months of pregnancy

(Mindell et al., 2015) Web based surveys 24% (1214) in all months of pregnhancy
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(Meharaban et al., 2015) Self-administered 43.7% (231) in all months of pregnancy

guestionnaires

(Plancoulaine et al., 2017) | Self-administered 12% in 1t trimester, 20% in 2" trimester and

guestionnaires 32.5% in 3 trimester (200)

3.5 RLS in Kidney Disease

Itis believed that an iron deficiency is involved in the processes that lead to an increased risk of RLS
developing in individuals who have renal disease, especially in those who are already receiving
dialysis (Earley, Allen, et al., 2000; Molnar et al., 2006). Patients with RLS who were undergoing
dialysis were shown to have considerably lower blood hemoglobin levels and a greater frequency of
iron deficit when compared with controls in a cross-sectional study that included 992 patients who
had kidney transplantation (Molnar et al., 2005). It is essential to point out, however, that an
association between the existence of RLS in patients who are undergoing dialysis and indicators of
iron shortage such as, low serum ferritin level, hemoglobin level or hematocrit has not been
established (Collado-Seidel et al., 1998; Unruh et al., 2004). Under-dialysis and hypoparathyroidism
are two other conditions that have been linked to an increased risk of RLS in people undergoing

dialysis (Collado-Seidel et al., 1998; Unruh et al., 2004).

The fluctuation in the incidence of RLS among patients who are undergoing renal transplantation
lends credence to the hypothesis that kidney failure or dialysis is responsible for the emergence of
RLS symptoms (Molnar et al., 2005; Molnar, Novak, et al., 2007; Winkelmann et al., 2002). The
incidence of RLS raised with the extent of renal disease in individuals who were waiting for kidney
transplantation and in patients who were undergoing dialysis (Molnar et al., 2005). The prevalence

of RLS is lower in individuals who have had a kidney transplant as compared to patients with severe
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renal disease who are on dialysis (4.8% vs 23.5%, respectively) (Molnar et al., 2005). On the other

hand, there are not enough big prospective trials that describe changes in RLS and the severity of

symptoms following transplant (Novak et al., 2015).

Table 6: Prevalence of RLS in Chronic Kidney Disease (CKD) patients.

Reference Country Method Stage Mean Age RLS/Total
(Loewen et al., | Canada Questionnaire 5 58 7/12
2009)

(Stefanidisetal., | Greece Interview 5 65 154/579
2013)

(Huietal., 2002) | Hong Kong Questionnaire 5 49.5 30/43
(Huietal., 2000) | Hong Kong Questionnaire 5 56.7 124/201
(Telarovi¢ et al., | Croatia Interview 5 Not reported 49/82
2007)

(Molnar, Novak, | Hungary Questionnaire Transplant 49 35/785
et al., 2007)

(Szentkiralyi et | Hungary Questionnaire Mix 48 55/949
al., 2009)

(Razeghi et al., | Iran Questionnaire 5 56 35/108
2012)

(Molnar, Hungary Questionnaire Transplant 49 38/804
Szentkiralyi, et

al., 2007)

(Mucsi et al., | Hungary Questionnaire 5 54 45/333
2005)

(Chrastina et al., | Slovakia Interview Transplant 51.14 30/75
2015)
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(Rijsman et al., | Netherlands Interview 5 55 28/48

2004)

(Gigli et al, | ltaly Questionnaire 5 64 127/601

2004)

3.6 RLS in Diabetes Mellitus

The prevalence of RLS was much greater in different cohorts of people with type 2 diabetes, ranging
from 25% to 27 %, which is significantly higher than the occurrence of 10% to 15 % in the general
population (Lopes et al., 2005; Merlino et al., 2010; Phillips et al., 2006; Skomro et al., 2001).
Intuitively, it seems sense to consider the possibility that diabetic polyneuropathy could be the only
factor explaining the symptoms (loja et al., 2012). Nevertheless, findings from a research reveal that
diabetic polyneuropathy is an independent risk factor for developing RLS; this does not mean that
diabetic polyneuropathy is the sole cause for RLS. Type 2 diabetes mellitus is found to be an
independent risk factor for developing RLS, even after adjusting for age, hemoglobin level, iron
level, Hemoglobin A1C level, creatinine level, body mass index (BMI) and polyneuropathy. The
research has been criticized for not examining the possibility of small-fiber neuropathy, which might
have acted as a confounding factor (Merlino et al., 2007). It's probable that this is due to the fact that
type 2 diabetes is associated with malfunction in the central nervous system. According to the
findings of a research, the amount of dopamine in diabetic rats was reduced in certain regions of the
central nervous system, including the striatum and the midbrain, both of which play a crucial role in
RLS (Gallego et al., 2003). Only lately have researchers begun looking into the effects RLS might
have on diabetic patients. Patients with type 2 diabetes who participated in case-control research in

the United States found that RLS was linked with poor sleep quality, Excessive Daytime Sleepiness
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(EDS), a deterioration in quality of life and higher anxiety and depression. However, the influence
on glycemic outcome (a worse Hemoglobin A1C level) was only significant in the subgroup that
reported EDS, which opened the door to a potential pathogenetic relationship between RLS,

proinflammatory state, and glycemic management (Cuellar & Ratcliffe, 2008).

Table 7: Prevalence of RLS in Diabetes Mellitus patients.

Reference Mean Method DM(M/F) RLS (+)/RLS | Prevalence in
Age O] Diabetes
(YYears) Mellitus (%)

(Arosemena Coronel et al., | 64.08 Questionnaire | 290(207/283) | 134/156 46.2%

2017)

(Castillo-Torres et al., 2018) 47.85 Interview 59 11/48 18.6%

(Cuellar & Ratcliffe, 2008) 59.5 Not available | 121 54/67 44.6%

(Modarresnia et al., 2018) 54.89 Questionnaire | 210 (83/127) | 41/169 19.5%

(Tuo et al., 2019) 65.0 Questionnaire | 90 9/81 10.0%

(Akin et al., 2019) 60.9 Interview 318 (126/192) | 90/228 28.3%

(Bhagawati et al., 2019) 46.55 Questionnaire | 72 21/51 29.2%

(Rafie et al., 2016) 53.8 Interview 44 22/22 50.0%

(Sunwoo et al., 2019) 44.5 Questionnaire | 135 7/128 5.2%

(Pinheiro et al., 2020) 56.0 Not available | 210 (139/71) | 17/193 8.0%
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Chapter 4
Treatment

4.1 Treatment for General Patients

4.1.1 Iron therapy: The only treatment that has shown any promise in treating RLS in patients
with iron insufficiency is supplementation with iron. It is recommended that the patient take
between 50 and 65 mg of elemental iron with each dosage. Iron may be given anywhere from one
to three times each day, depending on how severe of a deficit the patient has. Iron should be taken
on an empty stomach with 200 mg of vitamin C in order to achieve optimal absorption. The most
prevalent adverse effect is constipation. Patients who may be at risk should get prophylactic
administration of motility medications. Every three months, a patient should have an iron panel,
which measures the saturation percentage of ferritin. The target ferritin concentration should be
between 50 and 60 mcg/l. Iron replenishment should not be given to anybody who has a

saturation level of 45% or more in order to prevent the underlying hemochromatosis from

becoming worse (Gamaldo & Earley, 2006).

Administering iron intravenously to a patient should be considered who has a severe iron shortage
(ferritin level less than 10 mcg/l) and an intolerance to oral iron supplementation. There have been
no reports of anaphylaxis associated with Intravenous iron formulations, which include sodium
ferric gluconate complex and iron sucrose. In general, giving an intravenous dose of 100 mg of
iron will result in an increase of 10 mcg/l in the serum ferritin level. Infusions ranging from 100
to 125 mg may be given at intervals of at least two days in order to obtain the desired ferritin level

of 60 mcg/l (Gamaldo & Earley, 2006).

4.1.2 Dopaminergic drugs: Dopamine agonists have been used promptly in the treatment of RLS
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(Akpinar, 1982). The efficacy of these medications in reducing the severity of RLS symptoms has
been shown by a significant number of clinical studies (Manconi et al., 2021). Because it takes
these medicines around an hour to start working and because they primarily target the Dopamine

receptor D3, they may be used whenever they are needed (Manconi et al., 2011).

Dopamine agonists including pramipexole, ropinirole and rotigotine are used in the treatment of
RLS. Orthostatic hypotension, headaches, nausea and lower-limb oedema are the side effects of
pramipexole that occur most often among patients who take the medication (Manconi et al., 2021).
Patients who have a history of compulsive or impulsive behaviors should avoid using these kinds
of medicines because, despite their rarity, they have the potential to set off compulsive and
impulsive behaviors (S. Bayard et al., 2013). Daytime sleep episodes have also been recorded with
dopamine agonists, although they are more often associated with the treatment of Parkinson’s
disease. Although these attacks are rare, they may have potentially life-threatening repercussions
for those who drive. This effect, however, is very uncommon in RLS patients since the daily dosage
of dopamine agonists is far less than what is given to Parkinson’s disease sufferers (Moller et al.,
2000). Ropinirole has a very similar efficacy and adverse effect profile to that of pramipexole,
which means that they are almost interchangeable (Zintzaras et al., 2010). Symptoms of RLS were
also alleviated by using rotigotine, which was administered in the form of a transdermal patch that
allowed for continuous release. Despite this, over half of the patients required to terminate therapy
due to side effects, augmentation and ineffectiveness (Oertel et al., 2011). Because of the
distinctive manner in which it is administered, rotigotine may be of particular use to patients who
have daytime symptoms, who have issues swallowing and who are scheduled to undergo surgery.
The dosage of dopamine agonists should be maintained at minimum level in all individuals

diagnosed with RLS and the dose should never be increased to a level that is higher than the
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maximum dose that is indicated (Manconi et al., 2021).

4.1.3 Antiepileptics: The antiepileptic drug gabapentin, which is physically linked to the
inhibitory central nervous system (CNS) neurotransmitter Gama Amino Butyric Acid (GABA),
has showed promise as a potential therapy for RLS. Studies conducted on animals have
shown that the medication offers protection against seizures that are brought on by GABA
antagonists or GABA production inhibitors. When treating individuals who have renal
impairment, the dosage levels of gabapentin as well as the frequency with which it is given
should be changed according to the degree of impairment. It would seem that people with mild
to severe RLS symptoms who are also dealing with genuine pain benefit the most from treatment

with gabapentin (Satija & Ondo, 2008).

Gabapentin enacarbil is a medication that is similar to gabapentin but has been changed for
increased absorption in the stomach. Significant success in the treatment of RLS has been proven
in a number of larger, multicenter, placebo-controlled studies, with just moderate side effects

(Satija & Ondo, 2008).

Carbamazepine was the first antiepileptic that was looked at in relation to RLS, and further
investigations led to its incorporation into the treatment recommendations in the American
Academy of Sleep Medicine (AASM) standards report. Carbamazepine is used to treat epilepsy,
however the precise mechanism by which it achieves this effect is not fully known. It is well known
that carbamazepine inhibits post-tetanic potentiation of synaptic transmission and blocks use-
dependent sodium channels to prevent recurrent firing of neuron. The majority of doctors believe
that the effectiveness of carbamazepine is low in comparison to that of other therapies; nonetheless,
there are very little comparative data available (Satija & Ondo, 2008).

Other antiepileptic drugs, such as, valproate or lamotrigine, should be examined as potential
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alternatives, despite the fact that controlled clinical trials have not shown any of these treatments

to be effective in reducing RLS symptoms (Satija & Ondo, 2008).

Medications used to treat epilepsy should be taken with meals whenever possible to reduce the
risk of gastrotoxicity. There have been isolated cases of people developing severe rashes and
Stevens-Johnson syndrome after taking lamotrigine. These have mostly occurred in individuals
who have been subjected to fast dosing while also getting treatment from other medications that

inhibit the drug's metabolism (such as, valproate) (Satija & Ondo, 2008).

4.1.4 Opioids: It is used when patient suffers from augmentation or when there is an associated
severe pain disorder that requires drugs. Although there is widespread agreement on the positive
benefits of modest doses of opioids on RLS symptoms, there have been very few clinical studies
that were adequately performed. Notably, modest doses of methadone and oxycodone have shown
to be useful in the treatment of RLS (Silber et al., 2018; Silver et al., 2011). Sedation, constipation,
depression, anxiety and altered awareness are some of the negative symptoms that might occur. It
IS important to note that these medicines may also raise the risk for opioid-induced respiratory
depression (Silber et al., 2018). A practitioner who has obtained sufficient expertise in the
treatment with these medications should be the one to write a prescription for opioids. It is

necessary to do close surveillance on patients who are getting opioids (Manconi et al., 2021).

4.1.5 Benzodiazepines: In order to treat the symptoms of RLS, benzodiazepines and notably
clonazepam, have been utilized extensively. They act on the receptor for gamma aminobutyric
acid (GABA), which results in a slowing down of activity throughout the central nervous system
(Rinaldi et al., 2016). In addition, benzodiazepines are known to lessen the anxiety that is typically
associated with RLS (Brand et al., 2013). When administering these medications, consideration

must be given to the possibility that the patient would acquire a tolerance to the medicine &
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becoming dependent on it. This is especially important for treatments that last for an extended

period of time (Zucconi et al., 2018).

In spite of how often they are used, the American Academy of Sleep Medicine (AASM) clinical
practice guideline advises against using benzodiazepines as first-line medicines. However, the
guideline acknowledges that they might be used as part of a combination treatment (Aurora et al.,

2012).

4.1.6 Emerging treatments: Alternative nondopaminergic therapy approaches based on
glutamatergic and adenosinergic processes are now in the process of being developed and give
intriguing therapeutic options (Ferré et al., 2017). Based on these notions, two novel medications

are being obtained: perampanel and dipyridamole (Romero-Peralta et al., 2020).

Perampanel, an Alpha-amino-3-hydroxy-Methyl-4-isoxazole Propionic Acid (AMPA) receptor
antagonist, was tested in 22 individuals with RLS during the course of a therapy that lasted for eight

weeks. Both of these drugs improved RLS symptoms significantly (Garcia-Borreguero et al., 2017).

The administration of dipyridamole, a medication that inhibits Equilibrative Nucleoside Transporter
1 (ENT-1) reuptake mechanisms and as a consequence, raises extracellular adenosine levels, led to

a reduction in the extent of RLS symptoms as well (Garcia-Borreguero et al., 2018).

Several research have been conducted to explore the efficacy of nonpharmacological therapies
that are alternative and complimentary (Romero-Peralta et al., 2020). Altering the excitability of
the cortex is one of the goals of the noninvasive therapy known as Repetitive transcranial magnetic
stimulation (RTMS). Patients diagnosed with RLS may find that RTMS significantly improves
their motor system symptoms as well as their anxiety and this improvement may last for at least

two months (Lin et al., 2015). Randomized controlled trials are required in order to determine
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whether or not a new medication or nonpharmacological therapy is successful (Romero-Peralta et

al., 2020).

Sleep hygiene: Maintaining good sleep hygiene entails engaging in a variety of activities and
routines that work to improve one's capacity for rest. The most important piece of advice is to
establish a schedule for oneself, so that one may make an effort to go to sleep at the same time
every night. Following an extended period of exercise, at the same time each day. Before going to
bed, taking a warm bath or engaging in some other light exercise for a few minutes. Patients who
suffer RLS should make every effort to avoid situations in which they are sleep deprived since this
might make their symptoms worse. Therefore, the purpose of sleep hygiene is to make it possible

for a person who has RLS to receive the recommended amount of sleep (W. A. Hening, 2007).

Lifestyle modification: Only anecdotal accounts and clinical impressions may serve as evidence
for the efficacy of making changes to one’s lifestyle. It would suggest that coffee and nicotine are
able to make RLS symptoms worse. Alcohol, particularly when drank in the evening, is known to
exacerbate the symptoms of RLS. Patients should be made aware of the potential side effects of
popular stimulants and sedatives, since avoiding or lowering consumption of these substances may
result in reduced symptoms of RLS. People should also be encouraged to integrate a reasonable
amount of physical activity into their everyday routines. A number of epidemiologic studies
have suggested that a lack of any exercise is positively associated with exacerbation of RLS
symptoms. This is contrary to the experience of many patients, who report an increase in
symptoms later in the evening after engaging in strenuous exercise during the day. Patients
diagnosed with RLS should give serious consideration to adopting a healthy lifestyle, which
includes regular, but not too strenuous physical activity and adherence to dietary guidelines
designed to lower the risk of ardiovascular and metabolic disorders (W. A. Hening, 2007).
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4.2 Treatment in Pregnancy

4.2.1 Dopaminergic drugs: Dopaminergic agent supplementation could be the most effective
treatment option in pregnancy (Srivanitchapoom et al., 2014). In addition, American Academy
of Sleep Medicine (AASM) advocate dopaminergic drugs as the medicine of choice for the first
stage of treatment of RLS (Aurora et al., 2012; Garcia-Borreguero et al., 2012). There are
compounds that are not derived from ergot, such as, pramipexole, rotigotine, and ropinirole.
Ergot derivatives include bromocriptine and carbergoline. The majority of research on
dopaminergic drugs has been conducted on patients with Parkinson’s disease and endocrine
problems. However, neither the effectiveness nor the safety of these medications have been
definitively demonstrated as a means of treating RLS in pregnant women (Srivanitchapoom et
al., 2014). The findings pertaining to pramipexole and rotigotine originated from a recent
case series gathered information about dopaminergic drugs that are utilized in RLS treatment
while pregnant. There was a total of 9 instances in which pramipexole was used during
pregnancy and 2 cases in which rotigotine was used and all of the women gave birth to
infants who were born without any congenital abnormalities (Dostal et al., 2013). In the
case of ropinirole, a woman who was pregnant and had a family history of Parkinson’s disease
caused by a mutation in the Parkin gene and who took ropinirole for a total of five weeks
while she was pregnant was able to give birth to healthy twins (Serikawa et al., 2011). The
findings on the safety of levodopa in pregnant women originate from a large number of
Parkinson’s disease cases that have been documented (Allain et al., 1989; Cook & Klawans,
1985; Hagell et al., 1998). Only 3 out of 42 infants delivered to women who took levodopa
during pregnancy were found to have minor birth defects (Dostal et al., 2013). In
conclusion, further research has to be done to determine the effectiveness and safety of

dopaminergic medications in the treatment of RLS during pregnancy (Srivanitchapoom et al.,
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2014).

4.2.2 lron therapy: It has been established that all pregnant women, regardless of their
hemoglobin levels, should get additional oral iron (Gupta et al., 2016). On the other hand, pregnant
women with pre-existing RLS may benefit from the iron treatment that is administered
intravenously. Even in the absence of pregnancy, women who had low serum ferritin status
(<50 mcg/l) benefited from intravenous iron therapy by experiencing a significant alleviation
or total disappearance of RLS symptoms (Vadasz et al., 2013). In addition, pregnancies in which
women who had RLS before to becoming pregnant were treated with intravenous iron therapy did
not result in the development of RLS symptoms until the latter stages of the pregnancy (Picchietti
et al., 2012). There are a variety of different formulations of injectable iron available.
Comparative research on the effects of intravenous iron carboxymaltose and intravenous iron
sucrose was conducted on pregnant women who were anemic. The results showed that both
intravenous iron preparations were well tolerated and caused a least amount of side events.
However, it has been found that iron carboxymaltose provides a larger amount of iron and
hence the medicine of quality for intravenous iron therapy, particularly in the late stages of the
second or third trimester (Christoph et al., 2012). Patients who are not pregnant and who have RLS
have shown that intravenous iron carboxymaltose is an effective treatment for treating RLS
symptoms when used alone as a monotherapy (Allen et al., 2011). It has been discovered that
another version of intravenous iron called iron dextran is beneficial in curing RLS; however,

greater chance of anaphylactic shock is there (Ondo, 2010).

4.2.3 Antiepileptic drug: In the treatment of RLS, carbamazepine was the first anticonvulsant
to be assessed in controlled double-blind research (Telstad et al., 1984). Carbamazepine is a
fair alternative for the therapy of RLS in pregnancy as there is a considerable body of information
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on the likely security of its usage both for the mother and the baby (Gupta et al., 2016).
Carbamazepine was shown to be related with the least danger for birth defect, according to the
findings of the Epilepsy and Pregnancy Register in the United Kingdom (Morrow et al., 2006).
It has also been shown that gabapentin is a very effective treatment for RLS. Although there are
only a few studies available, it seems that gabapentin is safe for both the mother and the
developing baby (Montouris, 2003). In a recent meta-analysis of randomized controlled trials for
the treatment of RLS, gabapentin and pregabalin were shown to be beneficial in the non-
dopaminergic medication category (Hornyak et al., 2014). However, the International Restless
Legs Syndrome Study Group consensus guideline discourage its usage during pregnancy (Garcia-

Borreguero et al., 2013).

4.2.4 Opioids: According to the guidelines of the American Academy of Sleep Medicine
(AASM), opioids including oxycodone, propoxyphene, tramadol and methadone have the
potential to be utilized as a treatment for the symptoms of RLS in patients who are not pregnant
(Aurora et al., 2012). However, it has not been determined whether or if these medicines are
effective in treating RLS in pregnant women (Srivanitchapoom et al., 2014). Recent
comprehensive case-controlled research demonstrated a link between early pregnancy
maternal opioid analgesic treatment and certain birth defects (Broussard et al., 2011). However,
some studies have documented probable examples of newborns who had long-term exposure to
tramadol intra-uterine developing neonatal abstinence syndrome. This disease is characterized by
withdrawal symptoms in the newborn after the mother stops using the drug (Hartenstein et al.,
2010; Meyer et al., 1997; O’Mara et al., 2010; Willaschek et al., 2009). In conclusion, opioids
should be avoided as much as possible for the treatment of RLS symptoms during pregnancy

(Srivanitchapoom et al., 2014).
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4.2.5 Benzodiazepines: There is another option available in the form of benzodiazepines for the
treatment of RLS in pregnant women; however, the data supporting their safety in pregnancy is
limited. There is an increased risk of cleft palate when benzodiazepines are taken during the first
trimester. One meta-analysis, on the other hand, found no relationship between prenatal
exposure to benzodiazepines and the likelihood of significant abnormalities or mouth cleft based
on the findings of previous research (Dolovich et al., 1998; Enato et al., 2011). On the other
hand, when the data from case-control studies were combined, it was shown that there was a
considerable elevated risk for serious abnormalities or mouth cleft alone (Dolovich et al., 1998;
Enato et al., 2011). Only very few cases of the newborn withdrawal syndrome have been described
(Gillberg, 1977). Clonazepam is the benzodiazepine that has been researched and used for RLS the
most and it has been proved to be safe and successful in treating the condition. However,
temazepam and triazolam have also been demonstrated to be useful in treating the condition
(Saletu et al., 2001). Clonazepam was not recommended as a first-line therapy for RLS by the
American Academy of Sleep Medicine or the International Restless Legs Syndrome Study Group

due to a lack of evidence (Aurora et al., 2012; Garcia-Borreguero et al., 2013).

4.3 Treatment of RLS with Depression

In the recent past, population- and clinic-based epidemiological research have shown an increased
incidence of depressive disorders in individuals with RLS (Hornyak et al., 2006). It is still
unknown what causes RLS sufferers to also experience symptoms of depression. Recent research
demonstrated that sleep disruptions and the negative effects they have are significant variables
that contribute to depressed symptoms in RLS patients (Hornyak et al., 2006). Insomnia symptoms,
in general, have been shown in the past to have predictive value for the development of depression

at a later point (Riemann & Voderholzer, 2003).
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The scientists suggested bupropion as a first-choice treatment, but they also suggested
noradrenergic antidepressants such reboxetine as an alternate treatment option. In
cases where these medications did not provide the desired results, serotonergic antidepressants
were used. Some people with RLS may take bupropion or reboxetine, but not all of them can and
some of the adverse effects, such as, severe and unacceptable agitation, can occur even at
modest doses. The clinical history of the patient seems to be another component that is
further  essential to the therapy of depression in RLS (Hornyak et al., 2006). If the depressive
illness appeared later or in conjunction with severe RLS symptoms, dopamine agonists, which are
the first-line therapy for RLS, often not only eliminate RLS but also relieve the symptoms of the
underlying depressive condition (W. A. Hening et al., 2004). An extra course of therapy
with antidepressants is often required for individuals who were already suffering from a

depressive condition prior to the onset of RLS (Hornyak et al., 2006).

4.4 Treatment in Children

Iron reserves are smaller in teenagers than they are in adults because of rise in red cell mass
throughout growth phases in both male and female. Therefore, the concentration of serum ferritin
in adolescents is often lower than that of adults (Silber et al., 2021). Even if the ideal values have
not been determined, one should seriously consider taking iron supplements if the concentration
of serum ferritin is lower than 50 mcg/l (Kotagal & Silber, 2004). Oral ferrous sulfate in the amount
of 3 to 5 mg/kg should be provided once day before breakfast. The route of administration might
be tablet or liquid. Constipation and pain in the stomach region are potential side effects. The
concentration of serum ferritin should be measured again after three months to verify that it has

increased to a level more than 50 mcg/l (Silber et al., 2021).
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Consideration may be given to the use of intravenous iron delivery in the event that oral iron
treatment is not well tolerated or is not accompanied by an increase in serum ferritin concentration
that is deemed to be sufficient (Silber et al., 2021). In a case series, it was shown that
administering iron sucrose at a dose of 5 mg/kg up to a maximum of 200 mg over the course
of 2 hours was successful (Grim et al., 2013). Another option is to utilize ferric carboxymaltose
at a dose of 10 mg/kg  up to a maximum of 1000 mg over the course of one hour (Silber et al.,
2021). When iron is administered intravenously, there is a possibility that the patient may
have subcutaneous extravasation, which results in a brownish coloring of the skin,

gastrointestinal pain and hypersensitivity responses (Silber et al., 2021).

There have been no extensive controlled studies of pharmacologic medicines conducted on children,
and the Food and Drug Administration has not given its approval to any medications for the treatment
of RLS in children (Silber et al., 2021). The suggestions that are provided below are grounded in a
combination of individual experiences and case studies (DelRosso & Bruni, 2019; Rulong et al.,
2018). If iron is not required or is ineffective, the first-line drugs that are used include gabapentin
(5-15 mg/kg) and pregabalin (2-3 mg/kg). Clonazepam, at dosages ranging from 0.1 to 1 mg, is an
example of a second-line agent. Sedation and paradoxical hyperactivity are both potential side effects
of this medication. Dopamine agonists such as, pramipexole (0.0625-0.25 mg), ropinirole (0.25-0.5
mg), and the rotigotine patch (1-3 mg) are administered to children. If treatment over a prolonged
period of time is being considered, there is a substantial risk of augmentation; hence, it is essential
to carefully monitor patients for impulse control disorders. In children, who also have an anxiety
disorder or attention deficit hyperactivity disorder, clonidine, which is an alpha-2-adrenergic
agonist, is a treatment option that might be examined (0.05-0.4 mg). Sedation, irritability, depression
and orthostatic hypotension are among of the potentially harmful side effects that might restrict its

use (DelRosso & Bruni, 2019; Rulong et al., 2018).
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Chapter 5: Conclusion

5.1 Conclusion

This study has been able to identify the key aspects of the mechanisms of the disease. Studies
conducted till now conclude that RLS patients has a dopaminergic dysfunction in the brain and the
central nervous system has an iron deficit. Although studies on RLS have clarified the functions of
the dopamine and iron systems, it is still unknown what causes either an excess of dopamine or
a deficit of iron. The limitations of this study are very minimal yet very crucial. These limitations
are related to the study design of those observational studies which are included in this review
article. The study design did not match with one another which might have caused variations in
the result. Some studies did not diagnose the disease according to International Restless Legs
Syndrome Study Group diagnostic criteria which might have led to false positive diagnosis of the
patient. To clarify the mechanisms underlying RLS, it will likely take a great deal of human and

animal research and it is likely that the true pathophysiologic story of RLS is much more

complicated than involvement of one or two biologic systems.

5.2 Future Recommendations

More awareness should be created to recognize this disease among general practitioners.
Furthermore, extensive research should be carried on to establish the pathogenesis of the disease
from which a universal treatment plan can be achieved. At last, clinical trials should be carried on
based on different drug combinations to find drugs which can be beneficial in the long-term

treatment of the disease.
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