
Introduction
	 Attention-Deficit/Hyperactivity Disorder (ADHD) affects 5% to 
15% of school-aged children, in both developed and developing coun-
tries [1]. It then persists into adulthood in 30% to 50% of patients [2]. 
Some behavioral manifestations of ADHD include poor attention, dis-
tractibility, hyperactivity, impulsiveness, altered executive functions, 
or behavior problems at either home or at school [2,3]. ADHD has a 
particularly high comorbidity of Restless Leg Syndrome (RLS) [4], 
which also has symptoms difficulty staying still and disrupted sleep 
[4]. Furthermore, elevated Periodic Limb Movements during Sleep 
(PLMS) are commonly present in children with ADHD [5]. PLMS 
can cause significant sleep disruption, leading to reduced quality of  
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life; they are characterized by brief, periodic jerks of the arms or legs 
that last between 0.5 seconds and 10.0 seconds with 5-90 seconds 
between movements [6]. These periodic jerks can be accompanied 
by transient arousals from sleep identified and measured by polysom-
nography [5]. They are found on sleep studies in 80% of patients with 
RLS [6]. Both RLS and PLMS are commonly found in children with 
ADHD [5]. Beyond this, Restless Sleep Disorder (RSD), a more re-
cently defined diagnosis, has a high prevalence in children with RLS 
and ADHD. RSD is characterized by sleep disruption and frequent 
nocturnal body movements of large muscle groups, symptoms similar 
to RLS [7].

	 Since ADHD shows a high prevalence of comorbidity with other 
disorders involving restlessness, it is important to target common fac-
tors of all these diagnoses. One common observance across them are 
low serum ferritin levels [2,4], which supports checking iron studies 
in patients with ADHD and restlessness. Iron deficiency is one of the 
most prevalent nutritional problems today among children, and there 
is strong evidence suggesting its critical role for neurological func-
tion and development [1]. Furthermore, iron deficiency is linked to 
increased risk of ADHD [1]. While the pathophysiology of ADHD 
is not yet fully understood, evidence strongly suggests an imbalance 
in the dopaminergic and noradrenergic systems [8]. Iron modulates 
dopamine and noradrenaline production by acting as a cofactor for 
tyrosine hydroxylase which catalyzes the rate-limiting step of mono-
amine synthesis [4,8]. Iron deficiency in animal models decreases 
dopamine receptor density and activity as well as monoamine trans-
porter function, resulting in alternations of monoamine uptake and 
catabolism [8]. Thus, brain iron stores are expected have influence 
on the monoamine-dependent functions that are altered with ADHD 
[8]. In children with ADHD, those with the most severe iron deficien-
cies expressed the most extreme symptoms [2]. Maintaining serum 
ferritin above 50 ng/mL has been shown to be beneficial for not only 
ADHD, but also for RLS and PLMS. Konofal et al., have shown a 
clear benefit of iron supplementation therapy in ADHD children with 
a significant improvement on hyperactive/impulsive and inattentive 
subscales of the ADHD Rating Scale. Additionally, RLS symptoms 
were improved [8].

Materials and Methods
	 After receiving approval from the Institutional Review Board at 
Johns Hopkins University, subjects were recruited from the Sleep 
Clinic at Kennedy Krieger Institute. Inclusion criteria were a prior di-
agnosis of ADHD and symptom report of restlessness at night. Exclu-
sion criteria were inability to obtain a sleep study and age greater than 
18 years. Patients completed an overnight sleep study at the Sleep 
Center at Kennedy Krieger Institute (Baltimore, MD). Iron labs (iron 
level, TIBC, ferritin, transferrin, % sat) were ordered on all subjects.

Results and Discussion
	 Given that this was a pilot study, ten patients were recruited which 
met the goals of this trial. The majority of these subjects (90%) were 
males. The mean age was 11 +/- 3.8 hrs. Total iron levels ranged from 
49-209 with an average level of 85 +/- 51.2.
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Abstract
	 Children with ADHD may be misdiagnosed if their symptoms are 
actually secondary to a sleep disorder. Restless Legs Syndrome 
(RLS) and Periodic Limb Movements of Sleep (PLMS) may disrupt 
sleep, leading to fragmented sleep and daytime fatigue. This in turn 
may appear as inattentive symptoms in children and adolescents. 
Further, children with RLS and PLMS may fidget during the day if 
they experience discomfort in their legs when sitting still. The first 
line of treatment for RLS and PLMS is iron supplementation due to 
the key role iron plays in the dopamine synthesis pathway. In this 
pilot study, children with ADHD and a history of restlessness were 
recruited to have a polysomnogram and to check serum iron levels. 
Even in the small sample size for this pilot study, ferritin levels were 
negatively correlated with PLMS. This study highlights the relation-
ship between ADHD, iron levels, and Periodic Limb Movements of 
Sleep (PLMS).
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	 Ferritin levels ranged from 37-102 with an average level of 74 
+/- 23.7. Seven patients completed iron labs and 3 patients failed to 
obtain iron labs despite reminders (Table 1). These patients were ad-
vised to take a multivitamin with iron.

	 All patients completed a polysomnogram, or sleep study, (Table 
2). The sleep efficiency average was 86 +/-7.2%. The PLM index 
ranged from 0-15 with only one subject in the abnormal range at 
15.That subject also had more arousals (1.9/hr) associated with leg 
movements. While all patients or their parents had reported restless-
ness at night, this study did not find that the majority of them had 
significant leg movements on polysomnogram. This supports other 
studies which indicate that parents may misreport symptoms [9]. A 
history of paresthesias or leg pain is difficult to elicit from pediatric 
patients. Therefore, it is possible that many of these children are un-
detected and may be misdiagnosed with hyperactivity in ADHD.

	 There was a negative association between ferritin levels and 
PLMS. In other words, higher ferritin levels are associated with 
less PLMs (Graph 1). This supports other studies which recommend 
iron treatment for PLMD. One of the benefits of this study is the  

objective measure of leg movements by polysomnogram. The prac-
tice parameter for the American Academy of Sleep Medicine recom-
mends that polysomnography is the only way to establish the diag-
nosis of PLMD. Further, it is not routinely indicated for RLS unless 
there is uncertainty of the diagnosis [10].

	 A recent development in our understanding of restlessness during 
sleep is the new diagnosis of “restless sleep disorder”. The major cri-
teria for the diagnosis include complaint of restless sleep, observed 
large body movements during sleep, video-polysomnographic doc-
umentation of 5 or more large body movements/hour during sleep, 
occurrence at least three times per week for at least 3 months and 
clinically significant impairment [11]. It is possible that this diagno-
sis was missed during this study since large body movements were 
not measured and restlessness was measured by only leg movements 
from the typical limb leads during polysomnography. However, our 
results may be similar to those found by Kapoor et al., when evaluat-
ing the large body movements with video polysomography in a group 
of children with ADHD. The authors found only a small percentage, 
9.1%, of these children met criteria for restless sleep disorder. They 
concluded that other comorbid factors (OSA, RLS, medication) may 
result in the restlessness reported by the majority of parents, 81.1% of 
children with ADHD [12].

	 One of the limitations of this study is the small subject size due 
to its design as a pilot study. Obviously, a larger trial is needed to 
determine more of a cause-effect relationship. Also, the majority of 
the subjects were males and a future study needs to include an equal 
number of females. Another future direction would be a follow-up 
study after iron treatment to compare the amount of restlessness and 
daytime fatigue using objective measures.
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Subject

Age 
(mean 
+/- std 
dev)

11 +/-
3.8

Sex

Total iron
(mean +/- 
std dev)
85 +/- 
51.2

TIBC
(mean +/- 
std dev)
340 +/- 

53.4

%sat
(mean +/- 
std dev)
24 +/- 
12.8

Ferri-
tin

(mean 
+/- std 
dev)

64 +/- 
23.7

Trans-
ferrin
(mean 
+/- std 
dev)

276 +/- 
43.8

1 11 M 73 304 24 37

2 12 M 209 391 53 66 251

3 11 M 49 436 11 47 349

4 7 M

5 19 M 60 310 15 102 310

6 16 M 63 354 18 97 283

7 12 M 69 314 22 53 251

8 10 M 73 269 27 48 215

9 5 F

10 11 M

Table 1: Iron Lab Results.

Table 2: Polysomnogram Results.

SE= Sleep Efficiency; WASO= Wake after Sleep Onset; PLMS= Periodic 
Limb Movements in Sleep; PLMSi= Periodic Limb Movement in Sleep 
Index; AHI= Apnea Hypopnea Index.

Subject
SE

86 +/- 
7.2

WASO 
(min)

61.5 +/- 41

PLMS
16.9 +/- 

32.2

PLMSi
1.9 +/- 

4.4

PLMS 
arousal
0.24 +/- 

0.6

AHI
3.8 +/- 

4.0

1 89.8% 52.5 111 15 1.9 1.2

2 93.8% 32.5 0 0 0 13.3

3 73.8% 116.4 0 0 0 0.8

4 90% 8.5 9 0 0 0.7

5 78.1% 121.7 0 0 0 2.3

6 76.2% 123 0 0 0 0.4

7 94.3% 26.2 24 2 0.3 5.2

8 89.9% 30.5 6 1 0.1 0.8

9 91.1% 40 11 0 0 5.4

10 83% 64 8 1 0.1 7.6
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