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Objectives

� Outline the unique features of RLS/PLMD 
in children and adolescents
� Definition
� Etiology
� Prevalence
� Symptoms and associated features
� Differential diagnosis and diagnostic challenges
� Treatment

� Discuss the RLS/ADHD connection



Pediatric RLS/PLMD 

Definition (International RLS Study Group 2003)

� Urge to move legs, usually accompanied by 
uncomfortable/unpleasant sensations

� Urge to move/unpleasant sensations beginning or 
worsening periods rest/inactivity

� Urge to move/ unpleasant sensations worse or only 
occur evening, night

� Urge to move/ unpleasant sensations 
partially/totally relieved by movement, at least as 
long as activity continues



Definition: Childhood RLS
� “Definite”: 4 essential adult criteria 

� Plus child describes in own words
� Or at least 2 of the following:

� Sleep disturbance atypical for age
� Biological parent/sibling with definite RLS
� PSG PLM Index > 5

� “Probable”: Biological parent/sibling with definite RLS
� Plus child meets 4 adult criteria
� Or child observed to have behavioral manifestations lower 

extremity discomfort at rest accompanied by motor movement

� “Possible”: Does not meet above criteria but has
� Biological parent/sibling with definite RLS
� And PSG PLM Index > 5

PLMD
• Periodic Limb Movement Disorder (PLMD):

• PSG diagnosis
• Brief (0.5-10 sec) repetitive (> 4 movements 5-90 sec 

apart) jerking movements of lower extremities occuring at 
20-40 sec intervals during Stage 1 and 2 sleep

• PLM Index > 5
• Disorder requires clinically significant sleep disturbance 

and/or daytime sequelae
• Often result in arousals, sleep fragmentation and reduced 

sleep quality 

• Supportive of (not necessary for) RLS diagnosis



RLS: Etiology
� Primary

� Genetic component > 50% (40-90%) of early-onset cases 
� 6-7x increase in first-degree relatives with RLS

� Mode of inheritance complex
� Several genetic loci identified
� No single “candidate gene”
� May differ by phenotype

� Pediatric REST study1

� 70-80% of definite RLS with at least one bio parent with RLS
� 16% both parents

� Younger age onset (“early onset”<30 y); chronic, progressive

1Picchetti 2008

RLS/PLMD:Etiology

� Secondary
� Iron deficiency

� Tyrosine hydroxylation rate limiting step dopamine 
synthesis

� Serum ferritin level < 50 ng/ml; CSF/basal ganglia iron 
stores reduced

� Levels < 50 found in 70-75% children with RLS
� Association low levels with ADHD; ADHD+RLS
� Anemia associated with levels >12 ng/ml
� Acute phase reactant; may be elevated during illness



RLS/PLMD: Etiology

� Secondary
� Peripheral neuropathy
� Uremia, ESRD
� Leukemia
� Type 1 diabetes1

� Post-cardiac surgery pediatric case report2

� + FH RLS mother, GM
� ? role blood loss, sleep deprivation, post-op opiates

1 Phillips 2000 2 Cortese 2006 

RLS/PLMD: Etiology

� Secondary 
� Infection1

� Case report transient symptoms Gr A strep, mycoplasma
� ? Role antineuronal antibodies

� Williams syndrome (chromosomal syndrome associated with 
developmental delay, ADHD, sleep problems)

� 16/28 (57%) with symptoms movement arousal disorder
� PLMI 15 (vs 3 controls) on PSG 

� Medication-related
� TCAs, SSRIs, sedating antihistamines, DA receptor 

antagonists (compazine, metachlopramide)

1Matsuo 2003



RLS in Children: Prevalence 

� Previous studies 1-6% (vary definition, populations)

� 162 3-7 yo inner city primary care clinic patients1

� 16% met pre-determined diagnostic criteria RLS/PLMD
� More likely to have FH RLS (p=.004)

� More restless sleep (p=.005), sleep onset delay (p=.04)

� CBCL Tot (p=.002), Int (p=.005) and Ext (p=.01) scores 
significantly higher

� Not associated hx iron deficiency, recent Hgb levels, lead 
intoxication

1Owens 2002

Pediatric REST Study 1

� 10,000+ patients; 8-11yo/12-17yo

� Used NIH consensus conference definition (2003)

� Frequency
� 2% >1x/mth = 980,000 children in the US!
� 0.3-1% >2x/wk
� No gender differences

� Severity
� 1/3 impacts daytime function, sleep
� 25-50% moderate to severe

� Symptoms
� Sleep disturbance 66-70% (34-44% non-RLS)

1Pichetti 2008



PLMD in Children: Prevalence

� Adults: 4-11%; 25-58% elderly

� Children
� Prevalence of PLMI>5 is 5-27% in sleep clinic referral 

populations1-4

� Prevalence of PLM symptoms in survey studies 8-12%
� PLMs occur in up to 25% of children with ADHD
� Increased Caucasian vs African-American

1Kotagal 2005    2Tang, 2000   3Crabtree 2003   4Martinez 2004

RLS/PLMD in Children: 
Symptoms

� 38% - 45% of adults with RLS recall onset of symptoms 
before the age of 20y;1 18% by age 10y, 25% 11-20 y2 

� Peak age range of symptom onset in adolescence

� “Childhood onset” RLS associated with3

� 88% sleep onset/maintenance insomnia
� 25% inattentiveness

� PLMs associated with leg pain, leg muscle fatigue in am4

1Montplaisir 1997 2Walters 1996 3Kotagal 2005
4Martinez et al 2004



RLS/PLMD in Children: Symptoms

� “Growing pains”1: unexplained limb discomfort
� Association with later development RLS symptoms adults1 

� 10/11 children (mean age 10.4 yo) with hx of “growing pains”
met RLS criteria (IRSG)2

� 50% with + FH (parent)
� 60% with “ADHD” (history)
� 40% warranted pharmacologic treatment (dopamine agonists, 

alpha agonists, anticonvulsants)

� Pediatric REST study
� History of growing pains in 77-85% with RLS
� 61-64% in non-RLS

1Brenning 1960  2Rajaram 2004

In Their Own Words…*

� Need/have to 
move/kick

� Pain/hurt
� Un/can’t get 

comfortable
� Bugs/ants crawling
� Weird/funny feelings
� Tingling
� Nails/pins/needles

� Wiggly
� Itchy
� Tightening
� Restless
� Shaky
� Fizzing/bubbles
� Pulling/tugging

� Study: 33 children 6-17yo with definite RLS and  
parent interviewed by pediatric sleep specialists

*Picchetti et al, unpublished data



And Pictures…

“They (my legs) like feel weird, and 

they want to kick” 7 yo boy

“OK, I'm in bed, and my legs really, 
really hurt.  So I say, help, Mom, I 

need you.” 7 yo boy

“This is me in my bed, and 

this is me moving my legs.”
9 yo boy

“…this is like a bruise.  I’m trying to 
stretch my legs out, my thighs out 
right here…but at the same time 

it’s sort of hurting.” 9 yo boy



“It’s like my legs are wiggly” 8 yo boy

“Well, sometimes it feels like little tiny 
nails are just lightly poking my legs at 
certain times, like whenever I get into 
the bed.” 11 yo boy

“I feel stuff going up and down my legs where 
it just tingles…these represent my tingles.  
And then the red would be just when it hurts.”

14 yo girl

“First, I want to draw different feelings on 
each one.  That is like the balloon type 
feeling, where it just like feels like there’s 
a balloon in your foot, and it’s like 
blowing up.  Then…it just feels like - I 

don’t know, like crawling and like ants.”
17 yo girl



RLS/PLMD: Associated Features

• 70 - 90 % adult RLS patients have PLMD; 30 % PLMD 
have RLS; ? In children

• Association PLMs with familial short stature/constitutional 
growth delay?2

• 28% of children referred to endocrine clinic had elevated 
sleep survey scores

• No OSA but 50% (5/10) had symptoms RLS and > 5 PLMs
on PSG

• Role GH?

1Ali 1991  2Campbell 2005

Associated Sleep Disorders

� Sleep onset and maintenance insomnia; significantly 
reduced sleep time

� Sleep disordered breathing1

� 38% of children evaluated for suspected SDB reported 
restlessness legs in bed; 25% “growing pains” worse in bed

� 50% of prepubertal children with PLM’s had SDB; treatment of 
SDB (T&A) resulted resolution PLMs in 52%2

� Narcolepsy (adults)

1Chervin 2001   2Martinez 2004



Differential Diagnosis

� “Growing pains”: similar temporal pattern but often awakens during 
sleep; not relieved by movement

� Motor tics: not associated activity; male preponderance

� Exercise-related muscular pain

� Nocturnal leg cramps: may be associated electrolyte disturbance,
neuromuscular disorders; peak adolescence 

� Osgood-Schlatters: tenderness tibial tuberosity; increased by 
activity

� Chondromalacia patella: worse on knee flexion, movement

� Arthritis: joint pain, swelling, redness, tenderness

� Akathisia: inner restlessness/urge to move; associated with 
antipsychotics, other meds

Diagnostic Challenges

� Pain typically low severity; distribution knees, calves; symmetric 
or asymmetric

� EDS uncommon; associated with ADHD symptoms: inattention, 
hyperactivity, fidgetiness, difficulty sitting still especially in 
restricted, cramped environments

� Verbal descriptions vary and difficult to elicit

� PLMs often unwitnessed; spontaneous parental reports rare; 
night-to-night variability on PSG



ADHD: Etiologic Factors 

CNS insultsCNS insults

ADHD -
Where
Does
Sleep 
Fit In?

ADHD -
Where
Does
Sleep 
Fit In?

Neuroanatomic
Neurochemical
Neuroanatomic
Neurochemical Genetic originsGenetic origins

Environmental 
factors

Environmental 
factors

Epidemiology of ADHD

� Most common childhood psychiatric condition
� Affects 3-5% (8-10% school-aged; 3-6% adults)
� ADHD subtypes

� Predominantly hyperactive-impulsive (<15%)
� Predominantly inattentive  (20-30%)
� Combined subtype  (50-75%)

� M:F
� 4:1 (hyperactive/impulsive); 2:1 (Inattentive); 

9:1 (clinical pop)

� 60% of patients diagnosed in childhood continue 
to exhibit symptoms into adulthood



DSM-IV-TR Diagnostic Criteria: ADHD

� Inattention
� Inattentive to details and makes careless mistakes
� Has difficulty sustaining attention
� Does not seem to listen
� Fails to finish tasks
� Has difficulty organizing
� Avoids sustained effort tasks 
� Loses things
� Easily distractible
� Forgetful in daily activities
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DSM-IV-TR Diagnostic Criteria: ADHD

� Fidgets or squirms
� Leaves seat
� Runs or climbs excessively/inappropriately
� Difficulty playing quietly
� On the go or driven by a motor
� Talks excessively
� Blurts out answers
� Difficulty waiting turn
� Interrupts or intrudes on others

• Hyperactivity-Impulsivity



DSM-IV-TR Diagnostic Criteria: ADHD (Cont.)

� 6 of 9 inattentive, 6 of 9 hyperactive/impulsive

� Symptoms must be present for at least 
6 months

� At least some symptoms present before 7 years old

� Impairment in 2 or more settings

� Significant impairment: 
� Social, academic or occupational relative to potential

�
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Primary Sleep Disorders
� Primary sleep disorders may present with “ADHD”

symptoms
� Secondary to frequent arousals/sleep disruption: 

OSAS, RLS/PLMD1-4

� Secondary to primary EDS: narcolepsy5

� Secondary to DSPS6

� Secondary to chronic sleep deprivation/inadequate 
sleep, behavioral insomnia of childhood

1Gozal 2001  2Mick 2000 3Chervin 2002 4Golan  2004 5Dahl 1994 6Dahl 1991



RLS/PLMD and ADHD

� Studies of RLS in ADHD:
� 15% 2-18 yo psych ADHD pts, 10% ped clinic pts had RLS 

symptoms; inconsistent association with inattention/hyperactivity1

� 12% of 69 consecutive 2-16 yo neurology patients (vs 3% controls) 
diagnosed with ADHD met RLS diagnosis; 18/69 also diagnosed 
with PLMD2

� 9/14 children with ADHD compared to 0/14 non-ADHD controls 
had symptoms of and PSG-confirmed PLMD3

� 11% of 19 6-14 yo with ADHD had RLS symptoms4

� 44% of 43 6-14 yo with ADHD diagnosis had RLS definite or 
probable diagnosis5

1 Chervin 1997  2Picchietti 1998  3Picchietti 1999 4 Harnish 2001  5Konofal 2003

RLS/PLMD and ADHD

� Parent-report survey 866 general pediatric patients (age 2-
14y): PLMS subscale PSQ, measures In/HA1

� 17% with RLS symptoms; 8% “growing pains”

� 18% RLS+ vs 11% RLS- with + HA scores (p<.05)

� Odds ratios 1.6-1.9  between +HA and In/HA scores 
and increased PLMS score, RLS symptoms, “growing 
pains”

� Dose-response relationship HA and PLMS score

� HA population attributable risk 12%, HA plus RLS 
attributable risk percent 43%

1Chervin 2002



RLS/PLMD and ADHD

� PSG in 34 ADHD children vs. 32 controls1

� 15% ADHD PLMS vs. 0% of controls
� 50% ADHD had SDB vs. 22% of controls

� 2006 meta-analysis of PSG studies in ADHD2

� Increased PLMS - only significant finding
� Moderating role - age, gender, inclusion of an 

adaptation night, comorbidity

1Golan 2004  2Sadeh 2006

ADHD in RLS

� Studies of ADHD in RLS:
� HA in 18% vs 11% of children with/without RLS 

symptoms1

� 26% of 62 adults (>17yo) with RLS vs 6% insomnia 
vs 5% controls met DSM-IV ADHD criteria2

� 25% of 32 children with definite/probable RLS hx of 
“inattentiveness”3

1Chervin 1997  2Wagner 2004  3Kotagal 2004



ADHD: Pediatric REST study

12.9%8.7%1.8%0.0%Anxiety Disorder

15.7%6.5%12.7%0.0%Depression

28.6%23.9%3.6%2.9%ADD/ADHD

United States

8-11          12-17

United Kingdom

8-11         12-17
Comorbidity

�������� �� �����	�
���

����

������������	�
���

����

�������

ADHD and RLS: Mechanisms

� Potential mechanisms: 

� Sleep disruption     EDS     ADHD symptomatology

� Diurnal RLS manifestations mimic ADHD

� Nocturnal ADHD manifestations mimic RLS

� Common CNS pathology: dopaminergic dysfunction, iron 
deficiency (ADHD also associated1,2)

� Dopamine transporter gene (DAT1) associated ADHD3

� Co-morbid exacerbation ADHD-RLS/PLMD

1,2Konofal 2004, 2005  3Chen 2003



RLS/PLMD 
in Children: Treatment

� No double-blind, controlled medication treatment 
studies in children

� No meds approved by FDA for pediatric use

� Case reports show improvement in ADHD 
symptoms with medication treatment for RLS/PLMD

RLS/PLMD
in Children: Treatment AIMS

� A voidance
� Drugs which exacerbate RLS
� Caffeine, nicotine, alcohol

• I ron supplementation –
• Oral (+ vitamin C, - Ca++)

� M uscles
� Increase physical activity 
• Massage, heat/cold 
• Muscle relaxation, biofeedback

• S leep
� Regular schedule
� Adequate amount for age



RLS: Treatment Considerations

� Symptom
� Severity

� Frequency

� Timing

� Associated sleep complaints (insomnia)

� Comorbid sleep complaints (OSA, PLMD)

� Daytime dysfunction

Pharmacologic Treatment 
� Dopaminergic agents

� Levodopa/carbidopa
� Dopamine agonists:

� Non-ergot DA: Ropinirole*, pramipexole*
� Ergot DA: pergolide

� Anticonvulsants: Gabapentin

� Opiods

� Benzodiazepines – clonazepam*
� Sustained subjective and PSG improvement PLMs 4/5 patient with 

Williams syndrome1

� Alpha agonists – clonidine

*FDA approved in adults 1Arens et al, J Peds, 1998 



Pharmacologic Treatment

� Case report 6 yo with ADHD, inadequate response MPH1

� Restless sleep, nocturnal cramps, + FH RLS
� Serum ferritin 10mcg/L; supplemented oral iron x 3 mths

behavior improved, parent Conners normalized, sleep 
somewhat improved

� Continued nocturnal symptoms; ropinirole initiated 0.25 mg 30 
min before BT

� Subjective improvement sleep onset, restless sleep, reduction 
IRLSSG severity rating; ADHD symptoms decreased     reduction 
MPH dose, academic improvement

� 6 children with PLMs (+/- RLS, ADHD) treated with pramipexole
subjective improvement, resolution PSG2

1Konofal 2005 2Martinez 2004

Pharmacologic Treatment

� Open label trial 7 children age 6-14 RLS +/- PLMs and DSM-
IV ADHD treated with l-dopa or pergolide QID1

� Previous stimulant treatment ADHD ineffective or poorly 
tolerated

� Subjective improvement RLS symptoms; PLMI 12    2

� Conners (P) 15    6; improved ODDS, CBCL

� Normalized TOVA scores, improved WRAML visual memory 

� 3/7 no longer met ADHD criteria

� Continued treatment 5/7 x 3 yrs

1Walters 2000



Issues in Pharmacologic Treatment

� Target populations

� Dosing range

� Outcome measures: nocturnal/diurnal symptoms, parent 
vs self-report, objective measures

� Safety

� Tolerability
� Affect changes
� Daytime sleepiness

� Drug-drug interactions (eg, ADHD, insomnia meds)

Thanks for your attention!!!

www.kidzzzsleep.org


