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Objectives
Pharmacists:

1) Identify what iron studies are suggested for the evaluation of Restless Leg 

Syndrome.

2) Identify 2 classes of medications that are indicated for the treatment of Restless 

Leg Syndrome

3) Name one concern with the use of dopamine agonists for treatment of restless 

legs.

Technicians:

1) Identify when symptoms of Restless Leg Syndrome are most prevalent.

2) Identify at least 2 different dosage forms of iron. 

3) Identify at least 2 uses for rotigotine patches. 

70 MILLION Americans suffer 
from a sleep disorder 

-Institute of Medicine 2005
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Sleep vocabulary
● Rapid eye movement (REM)- dreaming

● Slow wave sleep- non-REM deep (stage III sleep)

● Polysomnogram (PSG)- sleep study

● Sleep latency

● Wake after sleep onset (WASO)

● Total sleep time (TST)

● Sleep efficiency (SE)
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Blue Light and Associated Decreased Sleep Time
● Impairs memory next day

● Difficulty learning

● Increased neurotoxin accumulation

● Depression

● Increased risk of obesity

● Retinal damage

● Cataract risk

● Cancer risk

By Srruhh - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=79442180

Mauro Agostino Zordan, Federica Sandrelli

Medical Problems That Can Affect Sleep
● Heartburn

● Diabetes

● Heart Failure

● Arthritis

● Fibromyalgia

● Kidney Disease

● Nocturia

● Thyroid Disease

● Breathing Problems (Asthma/COPD)

● Psychiatric
○ Anxiety

○ Panic Attacks

○ Phobia(s)

○ Depression

○ Bipolar Disorder

○ Schizophrenia

● Neurologic
○ Dementia

○ Seizures

○ Headache/stroke/tumor

○ Parkinson’s
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Sleep Disorders- Overview
● Abnormal Sleep Behavior

○ REM Sleep Behavior Disorder

○ Sleep Talking

○ Sleepwalking

○ Nightmares

● Circadian Rhythm Disorders
○ Non-24 Sleep Wake Disorder

○ Shift work Disorder

○ Delayed Sleep Phase Disorder

● Excessive Daytime Sleepiness Disorders

○ Excessive Sleepiness 

○ Narcolepsy

○ Idiopathic Hypersomnia

● Insomnias
○ Acute

○ Chronic

○ Comorbid

○ Onset

○ Maintenance

● Sleep Related Movement Disorders
○ Restless Leg Syndrome

○ Periodic Limb Movements in Sleep

○ Teeth Grinding

● Sleep Related Breathing Disorders
○ Obstructive Sleep Apnea

○ Central Sleep Apnea

Sleep Disorders and Mental Health
● Sign of Depression

● Sign of Mania

● Worsening of anxiety/OCD/Panic Disorder

● Substance induced sleep disruptions

Sleep Related Breathing Disorders
● Obstructive Sleep Apnea

● Central Sleep Apnea

https://www.helpguide.org/harvard/medical-causes-of-s leep-problems.htm
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RLS Prevalence

Chronic 

persistent RLS  

Vs. 

Intermittent 

RLS

RLS Mimics
● Claudication

○ Relief at rest, worse during 
movement 

○ No circadian pattern
○ Skin alterations

● Venous stasis
○ Edema and skin alteration
○ No circadian pattern

● Hypotensive akathisia
○ Relief at rest, worse with 

sitting
○ No circadian pattern

● Painful legs and moving toes
○ No sensory discomfort
○ No circadian pattern

● Neuropathic pain
○ Not relieved with movement

● Peripheral neuropathy
○ Stocking glove distribution

● Vesper’s cue
○ Lumbosacral pain

RLS Mimics cont’d
● Sleep-related leg cramps

○ Palpable tightening of muscle
○ Alleviated by stretching not 

movement

● Positional discomfort
○ Relieved with change of posture
○ No circadian pattern

● Arthritis
○ Confined to a joint, joint erythema

● Growing pain
○ Relieved with local massage and 

stretching

● Anxiety
○ Volitional movements of the legs 

without sensory discomfort

● ADHD
○ Inattention, hyperactivity, 

disruptive/impulsive behavior

● Volitional foot tapping
○ No urge to move
○ Reduced awareness of the 

movement

● Drug induced akathisia
○ Body rocking/whole body 

movements in setting of 
neuroleptic
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Approach to Patients with Restless Legs
● URGES

○ U- URGE to move the legs

○ R- Worse with REST

○ G- GET UP helps with symptoms

○ E- Worse in the EVENING

○ S- Not secondary to SOMETHING ELSE

● Identify any current precipitants:
○ Iron deficiency

○ Medications- especially antidepressants

○ Family history (genetic)

Ask about RLS!
● Uncomfortable leg sensations

○ Creepy

○ Crawly

○ Tingly

○ Painful

○ Burning

○ Achy

● 5% - 10% prevalence
● 21% during pregnancy

● “Growing pains” in peds

IRLS

Check Ferritin, Transferrin Saturation, and CRP
● Ferritin goal >50 and not in setting of acute inflammation

● Transferrin saturation goal >20%

B12, folate, thyroid function also important

Iron
● Iron studies (ferritin goal >50-75)

● Ferric carboxymaltose (Injectafer) IV
○ 500mg IV q5 days x 2 doses for treatment of moderate to severe RLS

○ Evidence for use of iron sucrose or dextran is lacking

● Oral iron (ferrous sulfate, ferrous gluconate)
○ 325 mg *daily, repeat ferritin in 6-12 months

○ Constipating

○ Give with vitamin C (acidic) to increase absorption

■ enhances iron uptake by an intracellular reductive 

mechanism AND is capable of regulating iron iron-

responsive element binding proteins (IRP-IRE) and 

hypoxia inducible factor systems (HIF)
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*Why Dose Iron Supplement Once a Day?
● Oral iron once a day is almost equally effective as twice-daily dosing 

due to greater hepcidin induction with more frequent dosing 

● Major side effects of iron supplement = nausea and constipation

● If iron not well tolerated it can be taken with food, but this will likely 

decrease absorption. 

● Dosing once every other day may be considered, but seems likely to 

decrease compliance.

Baseline ferritin <75
Wang et al, Sleep Medicine 2009

Baseline ferritin >100
Davis et al, European Neurology 2000

What’s the deal?
● Dramatic response to levodopa suggested brain dopamine deficiency

○ More recent research suggests that problem is actually increased dopamine production
■ However, dopamine antagonism appears to be effective secondary to antagonism 

of afferent glutamatergic terminals leading to reduced hyperactivity in 
corticostriatal pathways

○ Increased thalamic glutamate levels have also been seen
■ Stimulation from glutamate can lead to arousal and sleep loss

● Most RLS patients have sufficient peripheral iron measures
○ Deficiency appears to be in the CNS stores → Hyperdopaminergic and hyper 

glutamatergic states → dysregulation and downregulation of adenosine A1 receptors →
dopamine release in striatum

○ Impaired transport across the blood-brain barrier (genetic)

● Dopamine agonist and gabapentin/pregabalin appear to counteract 
glutamate release in the hypersensitive corticostriatal glutamatergic 
terminals

Garcia-Malo C et al. CONTINUUM (MINNEAP MINN) 2020;26(4, SLEEP NEUROLOGY): 963–987.

Allen RP, Picchietti DL, 

Auerbach M, Cho YW, Connor 

JR, Earley CJ, Garcia-

Borreguero D, Kotagal S, 

Manconi M, Ondo W, Ulfberg J, 

Winkelman JW; International 

Restless Legs Syndrome Study 

Group (IRLSSG). Evidence-

based and consensus clinical 

practice guidelines for the iron 

treatment of restless legs 

syndrome/Willis-Ekbom disease 

in adults and children: an 

IRLSSG task force report. Sleep 

Med. 2018 Jan;41:27-44. doi: 

10.1016/j.sleep.2017.11.1126. 

Epub 2017 Nov 24. PMID: 

29425576.

Allen RP, Picchietti DL, Auerbach M, 
Cho YW, Connor JR, Earley CJ, 
Garcia-Borreguero D, Kotagal S, 
Manconi M, Ondo W, Ulfberg J, 
Winkelman JW; International 
Restless Legs Syndrome Study 
Group (IRLSSG). Evidence-based 
and consensus clinical practice 
guidelines for the iron treatment 
of restless legs syndrome/Willis-
Ekbom disease in adults and 
children: an IRLSSG task force 
report. Sleep Med. 2018 
Jan;41:27-44. doi: 
10.1016/j.sleep.2017.11.1126. 
Epub 2017 Nov 24. PMID: 
29425576.
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Allen RP, Picchietti DL, Auerbach M, 
Cho YW, Connor JR, Earley CJ, 
Garcia-Borreguero D, Kotagal S, 
Manconi M, Ondo W, Ulfberg J, 
Winkelman JW; International 
Restless Legs Syndrome Study 
Group (IRLSSG). Evidence-based 
and consensus clinical practice 
guidelines for the iron treatment 
of restless legs syndrome/Willis-
Ekbom disease in adults and 
children: an IRLSSG task force 
report. Sleep Med. 2018 
Jan;41:27-44. doi: 
10.1016/j.sleep.2017.11.1126. 
Epub 2017 Nov 24. PMID: 
29425576.

Hemochromatosis Gene
● 1/200 people have hemochromatosis genes 
● Do not give supplemental iron because their hepcidin does not shut down 

iron absorption
○ If transferrin saturation < 45% safe to proceed with supplemental iron;
○ If transferrin saturation > 45% do not give iron treatment.

Dopamine Agonists
● First line

● Augmentation
○ (0-30%) and rebound risk (levodopa > pramipexole or ropinirole)

● Pramipexole (~$10)
○ 0.125mg QDAY, 2-3 hours before bed, increase by 0.125mg q4-7 days (max 0.5mg/day)

● Ropinirole (~$10)
○ 0.25mg QDAY, 1-3 hours before bed, increase by 0.25mg q2-3 days (max 4mg/day)

○ Augmentation <4% per year

● Rotigotine (Neupro) topical patch (~$620)
○ 1-3mg/day patch

○ Augmentation <4% per year

○ Similar efficacy to pramipexole

○ Also used for Parkinson’s

○ Has antidepressant effects 

Augmentation

https://www-sciencedirect-com.libproxy.unm.edu/science/article/pii/S1474442206705762?via%3Dihub#fig1
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Augmentation
● Paradoxical worsening of symptoms

● Symptoms become more severe and start at an earlier time

● Symptoms may spread to other parts of the body such as the arms

Garcia-Borreguero D, Silber MH, Winkelman JW, Högl B, Bainbridge J, Buchfuhrer M, Hadjigeorgiou G, Inoue Y, Manconi M, Oertel W, Ondo W, Winkelmann J, Allen RP. Guidelines for the first-line treatment of restless legs syndrome/Willis-Ekbom disease, prevention and treatment of 
dopaminergic augmentation: a combined task force of the IRLSSG, EURLSSG, and the RLS-foundation. Sleep Med. 2016 May;21:1-11. doi: 10.1016/j.sleep.2016.01.017. Epub 2016 Feb 23. PMID: 27448465.

WARNING- EXCESSIVE Pleasure Seeking
GABA Analogues
● Gabapentin (~$5-$20)

○ 100-300mg QDAY-BID between late afternoon and 2 hours before bed. Increase 100mg 

q7 days (max 3600mg/day)

■ Most patients require <1800mg/day

○ Good alternative for patients who experienced augmentation with dopamine agonists 

● Gabapentin enacarbil (Horizant) (~$350)
○ 600mg at ~5pm

○ Prodrug of gabapentin 

■ Increased bioavailability (~2X) vs gabapentin

■ 600mg of enacarbil should be converted to 300mg of gabapentin

● Pregabalin ($185-$339)
○ 100mg 1-3 hours before bed. Increase 300mg/day q7 days (max dose 450mg/day, 

divided)

○ At least as effective as pramipexole 0.25-0.5mg

○ Worsening of symptoms = ~2%

Opioids
● Oxycodone/naloxone ER (Targiniq ER)

○ Last line

○ Limited evidence

■ May be considered if adverse effects/failures of other treatments

● Methadone, hydrocodone, codeine, tramadol have all been used

● May worsen sleep apnea!

● Negligible augmentation risk

Others
● Levodopa/carbidopa (~$5-$15)

○ 25-50mg QDAY-TID, increase by 50mg q3-7 days (max 400 mg/day, divided)

○ Augmentation (<70%)- Preferred for intermittent RLS (quick onset and short duration), 

not non-intermittent

● Cabergoline ($280-$1125)
○ 0.5mg QDAY (max 2mg/day)

○ LAST LINE (cardiac valvulopathy, fibrosis)

○ Augmentation <4%/year 

● Carbamazepine (<$5-$12)
○ 100mg HS, increase upto 200mg/day q7 days (max 300mg/day)

○ Lacks evidence, bone marrow suppression risk, auto-inducer, interaction risk

● Clonidine (<$5-$10)
○ 0.1mg 1-2 hours before bed, increase by 0.1mg/day q7 days (max 1mg/day)

○ Lacks evidence
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Mirtazapine
● Anticholinergic 

● Some evidence suggests improvements in insomnia in depressed 

patients.

● Weight gain concerns (can be used as an appetite stimulant) 

● Worsens restless leg symptoms in ~33% of patients

Risk of suicide?
● 2019 health claims 

database association 

study

● 2.7 fold higher risk for 

suicide or self-harm 

after adjustment for 

other potential 

confounders

● Given the numerous 

study limitations, 

consideration of 

suicide risk factors and 

suicidal ideation may 

be prudent

Alternatives
● Yoga- eight week pilot trial

○ Innes KE et al. J Altern Complement Med. 2013.

● Aerobic exercise in renal patients
○ Giannaki CD et al, Nephrol Dial Transplant. 2013

○ Sakkas GK, ASAIO J. 2008

How about cannabis?
● One case series of 6 

patients as of January 

2021

● Confounders 

including use of 

dopamine agonists, 

gabapentin, or 

opioids.

● Safer compared to the 

risk of impulse control 

disorders from 

dopamine agonist???

Garcia-Malo C et al. CONTINUUM (MINNEAP MINN) 2020;26(4, SLEEP NEUROLOGY): 963–987.

Key points
● Restless leg syndrome is a clinical diagnosis
● Iron supplementation and/or gabapentin/pregabalin are considered first-

line therapies
● Augmentation is common with dopamine agonists
● Opioids may be indicated for severe RLS
● The horizon of RLS treatment appears to involve adenosine A1 receptors 

in the striatum that are responsible for inhibitory control of glutamatergic 
neurons
○ Dipyridamole (CV effects) inhibits presynaptic reuptake of adenosine → significant 

improvement
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Objectives
1) What iron study goals are suggested for the evaluation of Restless Leg 

Syndrome?

Ferritin >50, transferrin saturation >20%

2) Name at least one concern with the use of dopamine agonists for 

treatment of restless legs?

Augmentation, Excessive pleasure seeking behavior

References
1. https://sleepfoundation.org/sleep-health-index-2014-highlights

2. https://sleepfoundation.org/white-paper-consequences-drowsy-driving

3. http://www.end-your-sleep-deprivation.com/sleep-debt.html

4. https://www.helpguide.org/harvard/medical-causes-of-s leep-problems.htm

5. https://www.eossleep.com/2014/09/09/nfl-players-who-suffer-from-osa-have-slowed-reaction-times/

6. http://www.alaskasleep.com/blog/what-is-a-polysomnogram-test

7. http://www.northcountryneurology.com/polysomnography/

8. https://www.quora.com/What-are-the-health-risks-of-not-sleeping-enough

9. https://sleepfoundation.org/category/sleep-disease

10. https://www.nami.org/Learn-More/Mental-Health-Conditions/Related-Conditions/Sleep-Disorders

11. The American Psychiatric Publishing Textbook of Psychiatry

12. https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=019908

13. http://jcsm.aasm.org/ViewAbstract.aspx?pid=30954

14. https://www.ncbi.nlm.nih.gov/pubmed/6764164

15. https://www.smr.jsexmed.org/article/S2050-0521(18)30105-7/pdf

16. https://pharmacist.therapeuticresearch.com/Content/Segments/PRL/2018/Sep/Comparison-of-Cannabinoids-CBD-vs-THC-12640

17. https://pixabay.com/illustrations/baby-dream-milk-infant-sleep-2586412/

18. https://pubmed.ncbi.nlm.nih.gov/27448465/

19. https://www.flickr.com/photos/nichd/18311550489

20. https://www.needpix.com/photo/95927/crowd-sourcing-crowd-folk-people-social-media-men-women-anonymous-community

21. https://www.dodlive.mil/2017/01/23/new-year-new-medicine-cabinet-make-sure-its-up-to-date/

22. https://blog.fitbit.com/sleep-study/

23. https://commons.wikimedia.org/wiki/File:Effects_of_sleep_deprivation.png#/media/File:Effects_of_sleep_deprivation.png

24. https://www.pnas.org/content/115/17/4483.long

25. https://pubmed.ncbi.nlm.nih.gov/29425576/
26. http://clipart-library.com/clipart/1402527.htm

27. https://www.istockphoto.com/illustrations/hangover?sort=mostpopular&mediatype=illustration&phrase=hangover

28. https://www.ots.ca.gov/media-and-research/campaigns/drowsy-driving/

29. https://www.aarp.org/health/conditions-treatments/info-2019/have-trouble-sleeping.html

30. https://pharmacist.therapeuticresearch.com/Content/Segments/PRL/2014/Apr/Treatment-of-Restless-Legs-Syndrome-6927

31. https://www-sciencedirect-com.libproxy.unm.edu/science/artic le/pii/S1474442206705762?via%3Dihub#fig1

32. https://www.restlesslegs.com/pdfs/Restless-Legs-Syndrome-RLS-Rating-Scale.pdf

33. https://www.jwatch.org/fw115749/2019/08/26/restless-legs-syndrome-linked-increased-risk-self-harm-or

34. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3613210/

35. Garcia-Malo C et al. CONTINUUM (MINNEAP MINN) 2020;26(4, SLEEP NEUROLOGY): 963–987.

36. https://clinicaltrials.gov/ct2/show/results/NCT02952820

Questions

61 62

63

https://sleepfoundation.org/sleep-health-index-2014-highlights
https://sleepfoundation.org/white-paper-consequences-drowsy-driving
http://www.end-your-sleep-deprivation.com/sleep-debt.html
https://www.helpguide.org/harvard/medical-causes-of-sleep-problems.htm
https://www.eossleep.com/2014/09/09/nfl-players-who-suffer-from-osa-have-slowed-reaction-times/
http://www.alaskasleep.com/blog/what-is-a-polysomnogram-test
http://www.northcountryneurology.com/polysomnography/
https://www.quora.com/What-are-the-health-risks-of-not-sleeping-enough
https://sleepfoundation.org/category/sleep-disease
https://www.nami.org/Learn-More/Mental-Health-Conditions/Related-Conditions/Sleep-Disorders
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=019908
http://jcsm.aasm.org/ViewAbstract.aspx?pid=30954
https://www.ncbi.nlm.nih.gov/pubmed/6764164
https://www.smr.jsexmed.org/article/S2050-0521(18)30105-7/pdf
https://pharmacist.therapeuticresearch.com/Content/Segments/PRL/2018/Sep/Comparison-of-Cannabinoids-CBD-vs-THC-12640
https://pixabay.com/illustrations/baby-dream-milk-infant-sleep-2586412/
https://www.flickr.com/photos/nichd/18311550489
https://www.flickr.com/photos/nichd/18311550489
https://www.needpix.com/photo/95927/crowd-sourcing-crowd-folk-people-social-media-men-women-anonymous-community
https://www.dodlive.mil/2017/01/23/new-year-new-medicine-cabinet-make-sure-its-up-to-date/
https://blog.fitbit.com/sleep-study/
https://commons.wikimedia.org/wiki/File:Effects_of_sleep_deprivation.png#/media/File:Effects_of_sleep_deprivation.png
https://www.pnas.org/content/115/17/4483.long
https://pubmed.ncbi.nlm.nih.gov/29425576/
http://clipart-library.com/clipart/1402527.htm
https://www.istockphoto.com/illustrations/hangover?sort=mostpopular&mediatype=illustration&phrase=hangover
https://www.ots.ca.gov/media-and-research/campaigns/drowsy-driving/
https://www.aarp.org/health/conditions-treatments/info-2019/have-trouble-sleeping.html
https://pharmacist.therapeuticresearch.com/Content/Segments/PRL/2014/Apr/Treatment-of-Restless-Legs-Syndrome-6927
https://www-sciencedirect-com.libproxy.unm.edu/science/article/pii/S1474442206705762?via%3Dihub#fig1
https://www.restlesslegs.com/pdfs/Restless-Legs-Syndrome-RLS-Rating-Scale.pdf
https://www.jwatch.org/fw115749/2019/08/26/restless-legs-syndrome-linked-increased-risk-self-harm-or
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3613210/
https://clinicaltrials.gov/ct2/show/results/NCT02952820

