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Study Objective: To review evidence on the association between restless
legs syndrome (RLS) and attention-deficit/hyperactivity disorder (ADHD),
to discuss the hypothetical mechanisms underlying this association, and
to consider the potential interest for common pharmacologic treatments of
RLS and ADHD when co-occurring.

Method: A PubMed search.

Results: In clinical samples, up to 44% of subjects with ADHD have been
found to have RLS or RLS symptoms, and up to 26% of subjects with RLS
have been found to have ADHD or ADHD symptoms. Several mechanisms
may explain this association. Sleep disruption associated with RLS might
lead to inattentiveness, moodiness, and paradoxical overactivity. Diurnal
manifestations of RLS, such as restlessness and inattention, might mimic
ADHD symptoms. Alternatively, RLS might be comorbid with idiopathic
ADHD. Subjects with RLS and a subset of subjects with ADHD might
share a common dopamine dysfunction. Limited evidence suggests that
some dopaminergic agents, such as levodopa/carbidopa, pergolide, and
ropinirole, may be effective in children with RLS associated with ADHD

symptoms.

Conclusions: Although still limited, evidence from clinical studies dem-
onstrates an association between RLS and ADHD or ADHD symptoms.
Further clinical studies using standard criteria and procedures are needed
to better estimate the degree of association. Epidemiologic studies are
required to assess the relationship between ADHD and RLS symptoms
in nonclinical samples. Further investigations should address the mecha-
nisms underlying the relationship between RLS and ADHD. Several do-
paminergic agents seem to be promising treatment for RLS associated
with ADHD symptoms. To date, however, the absence of randomized and
blinded controlled studies does not allow evidence-based recommenda-
tions.
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INTRODUCTION

ATTENTION DEFICIT HYPERACTIVITY DISORDER
(ADHD) IS ONE OF THE MOST COMMON PSYCHIATRIC
DISORDERS OF childhood and adolescence.! It is estimated to
affect 3% to 5% of school-aged children in the United States.?
ADHD is characterized by a persistent pattern of inattention, hy-
peractivity-impulsivity, or both. Onset before the age of 7 and
impaired functioning in 2 or more settings are essential for the
diagnosis.> Symptoms of ADHD may persist into adulthood in
about two thirds of patients.*¢ Sleep disruption has been reported
in patients with ADHD.™

Restless legs syndrome (RLS) is a common sensorimotor disor-
der with a prevalence of 10% to 15 % in the general population.'®
It is characterized by uncomfortable leg sensations with an irre-
sistible urge to move the legs.!!* These leg sensations are worse
when sitting or lying, are relieved at least partially by movement,
and are typically worse at night in adults." Patients with RLS may
also have involuntary periodic limb movements while awake, and
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about 80% of patients with RLS also have periodic limb move-
ments in sleep (PLMS).!* To allow for a more-uniform diagnosis
of RLS, the International Restless Legs Syndrome Study Group
(IRLSSG) first developed a set of diagnostic criteria in 1995.1
The criteria were subsequently revised in 2002 (Table 1)."5 Al-
though RLS is traditionally believed to be a disorder of middle
to older age,'® several reports have documented its occurrence
in children.'*1%3* Children may exhibit and report symptoms of
RLS differently than do adults because of their limited ability to
describe the subjective symptomatology of RLS. To help over-
come the difficulties of diagnosing RLS in children, the IRLSSG

Table 1—International RLS Study Group Diagnostic Criteria for
RLS in Adults

An urge to move the legs, usually accompanied or caused by uncom-
fortable and unpleasant sensations in the legs (sometimes the urge to
move is present without the uncomfortable sensations and sometimes
the arms or other body parts are involved in addition to the legs).

The urge to move or unpleasant sensations begin or worsen during
periods of rest or inactivity, such as lying or sitting.

The urge to move or unpleasant sensations are partially or totally re-
lieved by movement, such as walking or stretching, at least as long as
the activity continues.

The urge to move or unpleasant sensations are worse in the evening
or night than during the day or only occur in the evening or night
(when symptoms are very severe, the worsening at night may not be

noticeable but must have been previously present).
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have proposed a set of criteria that are specific for this population
(Table 2).1

The association between ADHD and sleep disorders has inspired
a series of studies examining the relationship between ADHD and
RLS, the latter being also associated with sleep disturbance. Sev-
eral mechanisms have been proposed to explain the association
between ADHD and RLS. Moreover, growing evidence suggests
that the relationship between ADHD and RLS may have relevant
consequences for the treatment of these 2 conditions when they
co-occur.

To date, no review of the literature is available on the asso-
ciation between ADHD and RLS. Therefore, the objective of this
paper is to review the evidence on the relationship between RLS
and ADHD, to examine the potential mechanisms underlying this
association, and to discuss perspectives for a common treatment
of the 2 conditions when they co-occur.

Table 2—Ceriteria for the Diagnosis of RLS in Children

Criteria for the diagnosis of definite RLS in children
The child meets all four essential adult criteria for RLS and
The child relates a description in his or her own words that is con-
sistent with leg discomfort (The child may use terms such as oowies,
tickle, spiders, boo-boos, and a lot of energy in my legs to describe
symptoms. Age-appropriate descriptors are encouraged)
or
The child meets all four essential adult criteria for RLS and
Two of three following supportive criteria are present
(see below)
Supportive criteria for the diagnosis of definite RLS in children
(a) Sleep disturbance for age
(b) A biologic parent or sibling has definite RLS
(c) The child has a polysomnographically documented periodic limb
movement index of 5 or more per hour of sleep

Criteria for the diagnosis of probable RLS in children

The child meets all essential adult criteria for RLS, except criterion #
4 (the urge to move or sensations are worse in the evening or at night
than during the day) and

The child has a biologic parent or sibling with definite RLS or®

1. The child is observed to have behavior manifestations of lower-
extremity discomfort when sitting or lying, accompanied by motor
movement of the affected limbs, the discomfort has characteristics of
adult criteria 2, 3 and 4 (ie is worse during rest and inactivity, relieved
by movement, and worse during the evening and at night) and

2. The child has a biologic parent or sibling with definite RLS

2 This last probable category is intended for young children or cogni-
tively impaired children who do not have sufficient language to de-
scribe the sensory component of RLS

METHOD

We performed a PubMed search using the following key words
in various combinations: restless legs syndrome, RLS, attention-
deficit/hyperactivity disorder, ADHD, attention deficit disorder,
ADD, and hyperactivity. References from each paper were exam-
ined to find additional studies. An association may exist between
RLS and ADHD considered as diagnostic categories. Alterna-
tively, a significant association between symptoms of ADHD and
symptoms of RLS may be found. Therefore, we included both
those studies that considered ADHD and RLS according to stan-
dardized criteria and studies that took into consideration symp-
toms of ADHD and RLS. As a consequence, we did not exclude
papers published before 1994 (when the American Psychiatric
Association published the Diagnostic and Statistical Manual of
Mental Disorders [DSM], Fourth Edition criteria for ADHD) or
1995 (when the IRLSSG developed diagnostic criteria for RLS),
but we reviewed all relevant papers published up to February
2005. Because ADHD may persist into adulthood, we searched
for studies conducted in children as well as for studies of adult
samples. We excluded studies examining the association between
ADHD and PLMS or periodic limb movement disorder (PLMD),
which did not consider RLS as well.

RESULTS

Two studies examined the prevalence of RLS in ADHD sub-
jects.'4 Three studies assessed the prevalence of RLS symptoms
in ADHD subjects.®**42 Two studies explored the prevalence of
ADHD symptoms in RLS subjects.?*** One study (the only one
conducted in adults) measured the prevalence of ADHD in RLS
subjects.*

Table 3a reports the studies examining the prevalence of RLS
or RLS symptoms in ADHD patients. Table 3b reports the studies
examining the prevalence of ADHD or ADHD symptoms in RLS
patients. It also specifies whether studies took into consideration
associated PLMS or PLMD.

DISCUSSION

In the following sections, we discuss the prevalence of RLS or
RLS symptoms in subjects with ADHD, the prevalence of ADHD
or ADHD symptoms in subjects with RLS, the hypothetical mech-
anisms underlying the association between RLS and ADHD, and
the potential interest of common pharmacologic treatments for
these conditions.

tAccording to International RLS Study Group criteria.

Table 3a—Studies Examining the Prevalence of RLS or RLS Symptoms in Patients With ADHD

Author (year) N* Age range, y Prevalence of RLS in Prevalence of RLS PLMS or PLMD
ADHD patients, % symptoms in ADHD patients, %

Chervin et al (1997)% 27 2-18 15 -

Picchietti et al (1998)'° 69 2-16 11.5F +

Harnish et al (2001)* 19 6-14 10.5 +

Chervin et al (2002)* 98 2-14 24 +

Konofal et al (2003)* 43 6-14 447 -

*N refers to patients ADHD (attention-deficit/hyperactivity disorder), not to the total sample.
tAccording to the pediatric version of the diagnostic criteria for restless legs syndrome (RLS).

PLMS refers to periodic limb movements of sleep; PLMD, periodic limb movement disorder.
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Table 3b—Studies Examining the Prevalence of ADHD or ADHD Symptoms in Patients With RLS

Author (year) N* Age range, y Prevalence of RLS in Prevalence of RLS PLMS or PLMD
ADHD patients, % symptoms in ADHD patients, %

Chervin et al (2002)* 147+ 2-14 18% +

Wagner et al (2004)* 62 >17 26% -

Kotagal and Silber (2004)* 32 <18 25% +

*N refers to patients with restless legs syndrome (RLS), not to the total sample.
tPatients with a positive RLS score (item A13 of Pediatric Sleep Questionnaire)
ADHD refers to attention-deficit/hyperactivity disorder; PLMS, periodic limb movements of sleep; PLMD, periodic limb movement disorder.

Prevalence of RLS or RLS Symptoms in Subjects With ADHD

In the first large-scale study suggesting comorbidity between
ADHD and PLMD or RLS, Picchietti et al'® examined the preva-
lence of RLS and PLMD in a sample of 69 children with ADHD
(according to DSM-III-R criteria) and in a control group of 38
patients aged 2 to 16 years referred to a sleep laboratory. For the
ADHD group, subjects with a principal complaint related to sleep
were excluded to minimize selection bias toward sleep problems.
For the control group, the exclusion criteria were technically un-
satisfactory anterior tibialis electromyogram, obstructive sleep
apnea, neuromuscular diseases, cerebral palsy, Down syndrome,
or documented seizures. RLS was diagnosed using a modified
version for children of the diagnostic criteria of RLS for adults.
Children were defined as having RLS according to the following
criteria. Firstly, they had at least 1 parent who had RLS (as defined
by the adult criteria). Secondly, they had 5 or more PLMS per
hour of sleep, could describe leg discomfort in their own words,
had motor restlessness, and had RLS discomfort that was worse at
rest with relief by activity. An all-night polysomnogram was used
to detect periodic limb movements in children found to have re-
petitive twitches by parents during the night. The authors reported
that 8 of the 27 patients with ADHD who underwent polysomno-
grams (11.5% of the total ADHD group) had RLS according to the
above-mentioned criteria. Only 1 of the 38 controls (2.6 %) met
the criteria for RLS. No evidence for a condition known to cause
or exacerbate PLMD or RLS was found in any patient.

In another clinical study, Konofal et al** assessed 43 children
with ADHD according to DSM-IV criteria. The mean age of the
children was 9.2+2.2 years. Nineteen (44%) met RLS criteria ac-
cording to IRLSSG criteria. All children were medication free for
at least 2 months. The authors considered diagnostic criteria for
both definite and probable RLS. This may explain the relatively
high prevalence reported in this study. Moreover, the authors have
known interests in both ADHD and RLS; therefore, a selection
bias cannot be excluded.

In a sample of 19 children with a confirmed diagnosis of ADHD
(age range=6-14 years), Harnish et al** found a prevalence of RLS
symptoms of 10.5 %. ADHD patients were not selected on the
basis of sleep complaints or symptoms of sleep disorders. All chil-
dren were medication free for at least 48 hours. However, unlike
the previous 2 studies, the authors did not use formal diagnostic
criteria for RLS.

Chervin et al*' administered validated questionnaire items
about snoring, restless legs, and daytime sleepiness to the parents
of 70 children attending a child psychiatry clinic and 73 children
attending a general pediatric clinic. Inclusion criteria included age
2 to 18 years, absence of mental retardation, and presence of a
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parent or guardian able to provide the requested information. Pe-
diatric patients with ADHD were excluded. No sleep complaint
or disorder was used as a criterion for inclusion or exclusion.
Among the 70 psychiatric patients, 27 (39%) had a diagnosis of
ADHD according to DSM-1V criteria. To define the severity of
the ADHD symptoms, the authors used an inattention-hyperac-
tivity score given by the mean response to the 18 DSM-IV items
rated on a 4-point Likert scale for each item. Fifteen per cent of
ADHD patients, 5% of non-ADHD psychiatric patients, and 10%
of pediatric clinic patients reported a positive RLS score. RLS
score was not significantly different among children with ADHD
in comparison with either of the other groups (psychiatric patients
without ADHD and pediatric patients). Logistic regression analy-
sis showed a significant association between inattention-hyper-
activity score and the RLS score when the ADHD subjects were
grouped with the non-ADHD psychiatric subjects but not when
grouped with the general pediatric clinic subjects. The inatten-
tion-hyperactivity scores were not associated with the RLS score
in the general pediatric group. Thus, this study showed a less-
consistent association between RLS symptoms and ADHD. How-
ever, in this study, the RLS symptoms were assessed using only
1 item. As noted by the authors themselves, the use of additional
validated question items for RLS symptoms may have yielded
less-ambiguous results.

In a subsequent cross-sectional survey,** Chervin et al exam-
ined a broader sample of 866 children aged 6.8 £3.2 years at-
tending 2 general pediatric clinics. Inclusion criteria were age be-
tween 2 and 14 years, parental ability to read and write English,
and absence of mental or physical impairment severe enough to
preclude interpretation of information collected. Parents of the
children completed the Pediatric Sleep Questionnaire and 2 mea-
sures of inattention/hyperactivity: the inattention/hyperactivity
scale (as previously described) and the short form of the Parent
Conner’s Rating Scale, a tool widely used in ADHD research,
which provides a 10-item hyperactivity index. Item A13 of the
Pediatric Sleep Questionnaire asks specifically about leg restless-
ness when in bed. Twenty four percent of hyperactive subjects
(defined as an inattention-hyperactivity score > 1.25) gave a posi-
tive reply to the restless legs item, in comparison with 17% of
nonhyperactive subjects. The association between restless legs
item score and inattention-hyperactivity score and hyperactivity
index was statistically significant. In spite of the strengths of this
study (validated instruments, adequate sample size), some meth-
odologic limitations were suggested by the authors. Notably, they
did not use the most rigorous diagnostic criteria for ADHD (e,
DSM-1V criteria) and RLS (ie, IRLSSG criteria).

In summary, most of these studies reported a higher prevalence
of RLS symptoms in ADHD groups than in control groups. Ac-
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cording to Picchietti et al,'® RLS symptoms are usually underdi-
agnosed in ADHD children because the complaint of RLS dyses-
thesia in children is usually mild and intermittent. RLS is usually
progressive, and it is thus likely that these children will become
more symptomatic in the future. Furthermore, in certain children,
RLS symptoms may appear only when the children are sleep de-
prived or have received caffeine.”’

All the discussed studies were performed in clinical settings.
To the best of our knowledge, epidemiologic data on broader non-
clinical samples (ie, general-population surveys) are not avail-
able. Moreover, the above-mentioned studies were carried out
before the publication of the IRLSSG criteria for the diagnosis of
RLS specifically in children. Therefore, further investigation us-
ing IRLSSG criteria for children is needed to better estimate the
prevalence of RLS in subjects with ADHD both in clinical and in
nonclinical samples.

Prevalence of ADHD or ADHD Symptoms in Subjects with RLS

In the above-mentioned study of Chervin et al,** high hyperac-
tivity index scores (>60) were found in 13% of all subjects, 18%
of children with restless legs, and 11% of children without restless
legs; this difference was statistically significant.

In the first study exploring the association between ADHD and
RLS in adults, Wagner et al* evaluated 62 patients with RLS (ac-
cording to IRLSSG criteria), 32 patients with insomnia, and 77
control subjects. Exclusion criteria included a history of sleep ap-
nea, narcolepsy, severe frontal-lobe head trauma, epilepsy, stroke,
brain tumor, and poor English-language skills. Also excluded were
patients seeking treatment for ADHD. The authors administered
the DSM-IV current symptoms scale for ADHD and the Brown
Attention Deficit Disorder Scale (ADD) for the assessment of
ADHD. Because the restlessness associated with RLS could be
confused with hyperactivity, the prevalence of ADHD was deter-
mined primarily by using the Brown ADD, which places a heavier
emphasis on attention than on hyperactivity/impulsivity. Subjects
with a Brown ADD score > 40 (probable ADHD) also completed
questionnaires on depressive symptoms and anxiety and a psy-
chometric test battery. Diagnosis of ADHD was confirmed by a
structured interview. The main Brown ADD score was signifi-
cantly greater in RLS patients than in patients with insomnia or
controls. A significantly greater number of RLS patients (26%)
than insomnia patients (6%) or control subjects (5%) also met
DSM-1V criteria for ADHD. The association was independent of
the presence or absence of anxiety or depression (conditions that
may mimic ADHD symptoms). Moreover, the severity of RLS
symptoms (as measured by the IRLSSG rating scale) was greater
in RLS patients with ADD Brown Scores > 40 than in those with
Brown scores <40. Because 30% of the RLS patients had an onset
of RLS in childhood and 75% had a childhood onset of ADHD,
there seemed to be no direct relationship between childhood onset
of RLS and childhood onset of ADHD. As noted by the authors,
it is possible that the prevalence of ADHD in their RLS sample
was underestimated because about half of the patients were treat-
ed with dopaminergic medications, which may improve ADHD
symptoms.

In a retrospective study of a sample of 32 children with defi-
nite or probable RLS (according to the IRLSSG modified criteria
for children), Kotagal and Silber®® found that 25% of the children
presented with inattentiveness. As noted by the authors, the retro-
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spective design is a weakness of this study and limits the validity
of the data.

In summary, although still limited in number, most studies ex-
amining the prevalence of RLS or RLS symptoms in ADHD sub-
jects and the prevalence of ADHD or ADHD symptoms in RLS
patients show a significant association between these conditions.
The degree of association differs from one study to the other. It is
possible that some differences in study methodology (ie, criteria
for inclusion and exclusion, measures of RLS or ADHD symp-
toms, age range of the subjects) may explain these differences.
Therefore, further studies using more-standardized methods are
needed to better estimate the degree of association between RLS
and ADHD symptoms.

Hypothesis for the Association Between RLS and ADHD Symptom-
atology

The first hypothesis to account for the association between
RLS and ADHD symptoms takes into consideration the effect of
RLS or PLMS on sleep. An association between RLS and PLMS
and sleep disturbances has been reported extensively,!6242533:4144
In fact, patients with RLS often have severe insomnia because of
their leg discomfort and periodic limb movements while trying
to fall asleep. Associated PLMS may disrupt sleep, with multiple
accompanying arousals.!>*> Although sleep deprivation in adults
usually results in excessive daytime somnolence,* in normal
children, it can lead to inattentiveness, moodiness, and paradoxi-
cal overactivity.®42 Therefore, RLS might lead to symptoms of
ADHD through sleep disruption. However, not all studies have
provided evidence for an association between sleep disturbance
and ADHD symptoms, whether in children®® or in adults.**% In
the above-mentioned study of Wagner et al,** the RLS patients
reported higher Brown scores than did insomnia patients. This
suggests that patients with RLS may have an increased risk of
ADHD, independent of insomnia associated with RLS. The au-
thors noted that insomnia is a problem of sleep quantity. It is pos-
sible that the small arousals associated with PLMS, which are
a problem of sleep quality, fragment sleep and lead to ADHD
symptoms.

Another possible explication for the association between RLS
and ADHD symptoms is that the diurnal manifestations of RLS
might mimic ADHD symptoms or be misclassified as symptoms
of hyperactivity. Picchietti et al'® reported that RLS can lead to
symptoms of hyperactivity and inattentiveness during the day-
time in children. For example, some children who are seriously
affected with RLS cannot sit in school during the day for extended
periods because they get up and walk around to relieve their leg
discomfort. Hyperactivity might thus lead to inattention through
the mechanism of leg discomfort.* In the study of Wagner et al,**
RLS patients showed both increased inattention on the Brown
ADD scale and hyperactivity on the DSM-IV scale for ADHD.
As a consequence, the authors stated that this result does not dis-
criminate whether there is a direct connection between inattention
and RLS or whether the hyperactivity in RLS indirectly leads to
inattention.

A third possibility is that RLS is comorbid with idiopathic
ADHD or that they are both manifestations of common central
nervous system pathology.*® Children with RLS and a subset of
children with ADHD might share a common dopaminergic defi-
cit.*® Several studies have provided evidence for decreased dopa-
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minergic function in the midbrain, frontal, and prefrontal regions
of the brain in patients with ADHD.5*% This may be related to
gene polymorphism in the dopamine receptor or dopamine trans-
porter system.®-®* There is also evidence for dopamine deficiency
in the pathophysiology of RLS.“% Interestingly, both ADHD
and RLS have been found to be associated with iron deficiency.
Konofal et al first reported lower ferritin levels in children with
ADHD than in normal controls.®® Magnetic resonance imaging
studies in RLS have suggested that iron deficiency may also occur
in certain forms of RLS.*¢* Further research on iron deficiency in
these 2 conditions may help to elucidate their potential common
physiopathology, at least for a subgroup of subjects. The hypoth-
esis of iron deficiency is not incompatible with the hypothesis of
dopaminergic hypoactivity, since iron is a cofactor for tyrosine
hydroxylase, the rate-limiting enzyme for dopamine synthesis.
Moreover, iron deficiency has been described to alter dopamine
D1 and D2 receptor density and activity in animals.’

When associated with idiopathic ADHD, RLS may exacerbate
ADHD symptoms or cause a later onset of symptoms of ADHD.*
Vice versa, it is also possible that ADHD worsens RLS symp-
toms. Chervin et al*® noticed that adult patients with RLS some-
times report that increased daytime activity worsens their noctur-
nal symptoms. In the study of Wagner et al,** the RLS symptoms
were more severe in RLS patients with ADHD symptoms than in
RLS patients without ADHD symptoms.

The hypothesis that medications for ADHD or other medica-
tions may cause RLS symptoms seems weak, since, in the re-
viewed studies, the patients were free of drugs that are known to
cause RLS symptoms. !¢

Finally, Wagner et al® criticized the hypothesis that the asso-
ciation between ADHD symptoms and RLS is simply an artifact
of similar symptomatology and that the diagnostic criteria for
ADHD are not sufficiently specific to discriminate adequately be-
tween ADHD and RLS. In their study, they reported that RLS was
associated with inattention as well as hyperactivity. If the associa-
tion were due only to similar symptomatology, this would imply
that RLS is also characterized by inattentiveness, a finding that
has not been reported previously in studies of RLS. Moreover, it
is important to point out that, although some symptomatic overlap
may exist between these 2 conditions, hyperactivity in ADHD is
not associated with the leg discomfort characteristic of RLS.®

Implications of the Association Between RLS and ADHD Symptoms
for Pharmacologic Treatment

The association between RLS and ADHD symptoms may have
important consequences for the treatment of these conditions
when they co-occur and when the standard treatments for ADHD
symptoms are not effective.

Most patients with RLS have a positive therapeutic response to
dopaminergic drugs. These medications improve both the sensory
and motor symptoms of RLS. The drugs that have been found to
be effective are dopamine precursors (levodopa) and dopamine-
receptor agonists, including ergoline derivatives (bromocriptine,
pergolide) and nonergoline derivatives (pramipexole and ropini-
role).!>® Given the association between RLS and ADHD symp-
toms, dopaminergic therapy may be effective in RLS patients with
ADHD symptoms.

Walters et al®® reported the cases of 7 children diagnosed with
ADHD according to DSM-IV criteria and presenting with RLS or

SLEEP, Vol. 28, No. 8, 2005

PLMS (5 had both the conditions, 1 only RLS, and 1 only PLMS).
Five of the 7 children had previously been treated with stimu-
lants that had either been determined to be ineffective (n=4) or
to have intolerable side effects (n=3). Five of the 7 children were
treated with levodopa/carbidopa, and 2 with pergolide. On the
basis of parent and child verbal report, treatment improved RLS
symptomatology in all 6 children with RLS. It also significantly
reduced the PLMS index. After treatment, 3 of the 7 children no
longer met the DSM-1V criteria for ADHD. All 7 children signifi-
cant improved on the total score of Conner’s Parent Rating Scale
and on the total score of the Child Behavior Check List.

Konofal et al”® reported the case of a 7-year old child with
ADHD according to DSM-IV criteria and RLS according to
IRLLSG criteria. The child had been treated with methylpheni-
date for 1 year, with limited efficacy. After 12 weeks of Tardy-
feron (ferrous sulfate) treatment, an improvement was observed
(the scores on the Conner’s Parent and Teacher Scales decreased
from 70 to 30 and from 28 to 21, respectively). However, after
5 months, there was a return of excessive motor activity at bed-
time with RLS symptoms. Methylphenidate appeared to be less
efficacious at the beginning of the afternoon and had no effect
on sleep problems. Therefore, ropinirole was co-prescribed. After
1 month, the child’s oppositional behavior disappeared, his at-
tention was better, and he slept well (the scores on the Conner’s
Parent and Teacher Scales were 33 and 20, respectively).

In the study of Wagner et al,*® the authors reported that RLS
patients who received dopaminergic drugs had Brown ADD
scores significantly lower than those of RLS patients without do-
paminergic treatment. No other RLS therapeutic drug category or
combination of drugs was related to ADD severity.

These case reports provide limited evidence that dopaminergic
agents may represent promising treatment for children with both
RLS and ADHD symptoms. Chervin et al** estimated that if RLS
or associated PLMS do contribute to hyperactivity behavior, then
therapy that eliminates restless legs would effectively treat 12%
of all hyperactive children and 43% of hyperactive children who
complain of restless legs.

However, to date, beyond case reports, evidence on dopami-
nergic treatment in children is very limited.® Therefore, caution
should be used in treating children with dopaminergic agents.
Another possible implication of the association between RLS and
ADHD symptoms concerns iron-supplement treatment. Since,
as previously seen, a subgroup of RLS subjects may have iron
deficiency,**** it would be interesting to evaluate iron supple-
mentation in subjects with both ADHD and RLS.% Interestingly,
iron supplementation has been reported incidentally to improve
symptoms in children with ADHD with an iron-deficient diet.”' In
the study of Konofal et al,** serum ferritin levels correlated with
ADHD index and RLS severity, suggesting that iron supplemen-
tation could enhance the effect of dopaminergic agents in children
with symptoms of RLS and ADHD.

CONCLUSIONS

Although the number of studies is limited, clinical studies have
provided evidence for an association between RLS and ADHD or
ADHD symptoms. Further epidemiologic studies, using specific
IRLSSG criteria for children, are needed to confirm this asso-
ciation both in clinical and in community samples. With respect
to the explanation of this association, sleep disruption associated
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with RLS may lead to ADHD symptoms, RLS may mimic the
symptomatology of ADHD, or it may be comorbid with idio-
pathic ADHD. The 2 conditions might share a common dopamine
dysfunction, which could be genetically determined, at least in
subgroup of patients. Future research should consider the hypo-
thetical common pathophysiology of the 2 conditions. The asso-
ciation between RLS and ADHD symptoms may have relevant
implications for treatment when these conditions coexist. The
reports by Walters et al* and Konofal et al” suggest that chil-
dren with RLS and ADHD symptoms may benefit from treatment
with dopaminergic agents. However, to date, the limited number
of patients treated by these authors (respectively 7 and 1) and the
absence of randomized and blinded controlled studies do not al-
low evidence-based recommendations for treatment to be made.

Other agents may be potentially interesting in the treatment
of comorbid RLS and ADHD. According to the recent American
Academy of Sleep Medicine Report,” some dopamine-receptor
agonists (such as talipexole, cabergoline, piribedil, and a-dihy-
droergocryptine) and the dopaminergic agents amantadine and
selegiline may be effective in the treatment of RLS and PLMD,
but the level of effectiveness of these agents is not currently es-
tablished. To the best of our knowledge, there are no published
studies on the effectiveness of these agents in ADHD associated
with RLS. Further studies should also address the efficacy of iron
supplementation in enhancing the effect of dopaminergic agents.

No published studies have specifically addressed the effective-
ness of methylphenidate or other stimulants given in the evening
for the treatment of ADHD and RLS. O’Brien et al” reported no
significant differences in the PLMS index of 53 stimulant-medi-
cated ADHD children, 34 nonmedicated children with ADHD,
and 53 nonmedicated controls. However, RLS was not evaluated
explicitly in this study. Thus, the role of methylphenidate and
other stimulants seems worthy of future research.

The association between ADHD and RLS or other conditions
related to sleep disruption, as well as potentially interesting impli-
cations for new pharmacologic treatments, underscore the need to
consider ADHD as a disorder not just limited to the daytime but
of 24-hour duration.
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