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Study Objectives: Previous studies have shown that non-rapid eye movement (NREM) sleep parasomnias commonly coexist with restless legs syndrome 
(RLS) and periodic limb movement disorder (PLMD) in children, leading to speculation that RLS/PLMD may precipitate or worsen parasomnias. However, 
there are limited data about the effect of the treatment of RLS/PLMD on parasomnias in children. Hence, we performed this study to determine whether the 
treatment of RLS/PLMD with oral iron therapy is associated with improvement of parasomnias in children.
Methods: A retrospective database was created for children with RLS/PLMD who were treated with iron therapy. These participants were followed for at least 
1 year at Cincinnati Children’s Hospital Medical Center. All participants had ferritin level testing and were treated with iron therapy. In addition, all participants 
underwent polysomnography before starting iron therapy for RLS/PLMD except for one participant who was already on iron but required a higher dose. Most 
participants underwent polysomnography after iron therapy.
Results: A total of 226 participants were identified with the diagnosis of RLS/PLMD. Of these, 50 had parasomnias and 30 of them were treated with 
iron therapy. Of the 30 participants, RLS symptoms improved in 15 participants (50%) and resolution of parasomnias was noted in 12 participants (40%) 
participants after iron therapy. Repeat polysomnography after iron therapy was performed in 21 participants (70%). After iron therapy, there was a significant 
decrease in periodic limb movement index (17.2 ± 8.8 [before] versus 6.7 ± 7.3 [after] events/h, P < .001). In addition, there were significant decreases in 
PLMS (24.52 ± 9.42 [before] versus 7.50 ± 7.18 [after] events/h, P < .0001), PLMS-related arousals (4.71 ± 1.81 [before] versus 1.35 ± 1.43 [after] events/h, 
P < .0001), and total arousals (11.65 ± 5.49 [before] versus 8.94 ± 3.65 [after] events/h, P < .01) after iron therapy.
Conclusions: Parasomnias are common in our cohort of children with RLS/PLMD. Iron therapy was associated with a significant improvement in periodic 
limb movement index, RLS symptoms, and resolution of a significant proportion of NREM sleep parasomnias, suggesting that RLS/PLMD may precipitate 
NREM sleep parasomnia.
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INTRODUCTION

Parasomnias are abnormal sleep-related events including com-
plex movements, behaviors, emotions, dreams, and autonomic 
nervous activity that can result in sleep disruption, injuries, 
and psychosocial effects. Parasomnias can occur during non-
rapid eye movement (NREM) sleep, rapid eye movement 
(REM) sleep, or during sleep-wake transitions. Parasomnias 
are classified as NREM-related, REM-related, other para-
somnias, or isolated symptoms and normal variants.1 NREM-
related parasomnias including confusional arousals, sleep 
terrors, and sleepwalking are commonly seen in children.1–3 
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These disorders arise from partial arousals from slow wave 
sleep, typically during the first half of the night and resolve 
spontaneously with children returning to deep sleep.1,3

There are several predisposing and precipitating factors 
that can trigger NREM-related parasomnias in children. Sleep 
deprivation, stress, and certain medications are common trig-
gers of parasomnias.3 There is a genetic predisposition that has 
been suggested by various studies, particularly for sleepwalk-
ing.1 Obstructive sleep apnea and other sleep-related respira-
tory events have been recognized as triggers of disorders of 
arousal in children.4 Previous studies suggest that parasom-
nias occur commonly in children with restless legs syndrome 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Non-rapid eye movement (NREM) sleep parasomnias have been reported to occur in children with restless 
leg syndrome (RLS)/periodic limb movement disorder (PLMD). Our literature review confirms that there are limited published data on the effect of 
treatment of RLS/PLMD with oral iron therapy on parasomnias in children.
Study Impact: This study confirms results of previous studies that have suggested the RLS/PLMD may precipitate NREM sleep parasomnias in 
children. In addition, the results of this study suggest that treatment of RLS/PLMD with oral iron therapy may help to improve parasomnias.
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(RLS) and can be precipitated by periodic limb movements in 
sleep (PLMS).5 Dye et al. also studied 105 participants with 
RLS/periodic limb movement disorder (PLMD) and confirmed 
increased prevalence of parasomnias in children with RLS/
PLMD.6 Guilleminault et al. studied 84 children with sleep 
walking or sleep terrors and documented that sleep-disordered 
breathing and RLS/PLMD may be comorbidities that trigger 
parasomnias and management of sleep-disordered breathing 
and RLS/PLMD led to resolution of the parasomnias.2

There are limited data in the literature regarding the effects 
of the treatment of RLS/PLMD on parasomnias in children. 
Thus, the purpose of our study is to examine whether the oral 
iron therapy used for the treatment of RLS/PLMD in children 
is associated with resolution of parasomnias.

METHODS

This was a retrospective study approved by the institutional 
board review at Cincinnati Children’s Hospital Medical Center 
(CCHMC). At CCHMC, iron therapy is typically used as the 
first line of treatment for children with RLS/PLMD when the 
ferritin level is less than 50 ng/mL. The dosing for iron therapy 
typically used for management of RLS/PMD is 3 mg elemental 
iron per kg per day in the form of iron sulfate. Iron studies are 
conducted at 3- to 6-month intervals after starting iron therapy 
while adjusting iron therapy dose to keep serum ferritin lev-
els ≥ 50 ng/mL.

A retrospective database was created for children with RLS/
PLMD. A review of this database was performed to identify 
children who also had parasomnias. Children with RLS/PLMD 
and parasomnias who were treated with iron therapy and fol-
lowed for at least 1 year at CCHMC were included in our study. 
As part of our electronic medical records in our sleep center, 
sleep history is obtained using a standardized list of questions 
that capture symptoms of all sleep disorders including para-
somnias. These standardized questions are used to interview 
patients and their family at the initial and all follow-up visits. 
The patients were seen in the clinic by a sleep physician who 
obtained history based on the standard questions and may go 
into further detail if there are concerns. All participants un-
derwent iron studies including serum iron and ferritin levels 
and were treated with iron therapy. All participants underwent 
polysomnography (PSG) before starting iron therapy for RLS/
PLMD, with the exception of one participant who was already 
on iron but required a higher dose. Most participants under-
went PSG after iron therapy.

RLS and PLMD were diagnosed using International Classi-
fication of Sleep Disorders (ICSD)-2 criteria.1 Only those meet-
ing definite RLS diagnosis were included. The essential RLS 
criteria for RLS include (1) an urge to move accompanied by or 
caused by an unpleasant sensation in legs, (2) symptoms that 
begin or worsen during periods of rest or inactivity, (3) partial 
or total relief of symptoms by movements, and (4) symptoms 
get worse or only occur during evenings or at night. For definite 
RLS, these essential criteria have to be met along with either 
a description in the child’s own words that is consistent with 
leg discomfort, or the child meets all these essential criteria 

but does not relate a description in the child’s own words that 
is consistent with leg discomfort and the child has two of three 
supportive criteria (including sleep disturbances for age, posi-
tive family history in parents or siblings with definite RLS, or 
periodic limb movement index [PLMI] ≥ 5 events/h on PSG). 
PLMD was diagnosed if PLMI > 5 events/h on the overnight 
diagnostic sleep study and the patient had clinically significant 
sleep disturbance or daytime fatigue that was not explained 
by any other disorders. Parasomnias were diagnosed using 
ICSD-2 criteria.1

PSG was performed at CCHMC using the Grass system 
(Grass Telefactor, West Warwick, Rhode Island, United States). 
The standard pediatric montage was used and the following 
parameters were recorded simultaneously: bilateral electro-
oculogram (EOG), electroenphalography (EEG; F3A2, F4A1, 
C3A2, C4A1, O1A2, O2A1), chin electromyogram (EMG), 
anterior tibialis EMG, tracheal microphone, electrocardiogra-
phy (EKG), pulse oximetry and pulse waveform, thoracic and 
abdominal inductance plethysmography, nasal thermistor, na-
sal pressure transducer, and end-tidal CO2 (ETCO2). PSG was 
performed in accordance with the American Academy of Sleep 
Medicine (AASM) guidelines7; results were scored by regis-
tered sleep technologists and reviewed by board certified or 
board eligible pediatric sleep specialists.

Arousals, K complexes, sleep spindles, sleep staging, and 
PLMS were scored based on The AASM Manual for the Scor-
ing of Sleep and Associated Events: Rules, Terminology and 
Technical Specifications. A limb movement was defined as 
having a minimum amplitude of 8 µV above baseline EMG and 
lasting a minimum duration of 0.5 seconds and a maximum 
duration of 10 seconds. PLMS were scored when there were 
four or more consecutive limb movements that were separated 
by at least 5 seconds and a maximum for 90 seconds. Micro-
arousals were scored using a modified version of the American 
Sleep Disorders Association (ASDA) criteria8,9; a definition 
based on ASDA criteria10 using a range of 1.5 to 3.0 seconds. 
This definition has been implemented in similar studies,9,11 in-
cluding those studying adolescents.4,12 Total arousals reported 
are periodic limb movement arousals, isolated limb movement 
arousals, and spontaneous arousals. All respiratory-related 
arousals were excluded.

Of the 30 participants included in the study, 21 had PSG per-
formed both before and after the initiation of iron therapy. The 
original PSG test files were available for review for 14 of these 
participants, with the remainder of the participants having only 
reports available. These 28 studies (from 14 participants) were 
reviewed in a blinded fashion to calculate the frequency of vari-
ous EEG correlates to PLMS. We specifically examined PLMS 
and isolated limb movements along with both spontaneous and 
movement associated arousals, microarousals, and slow wave 
firings (K complexes and K spindle complexes). Changes to 
sleep microarchitecture have been associated with PLMS.13,14

Data were obtained from initial and subsequent clinical en-
counters and included demographics, symptoms, laboratory 
studies, medications, and PSG results. Descriptive statistics 
were calculated for key demographic and PSG variables. Means 
and standard deviations were reported for continuous variables 
and frequencies and percentages were reported for categorical 
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variables. To compare continuous variable outcomes, the t test 
was used. A value of P < .05 was considered statistically sig-
nificant. Changes to sleep stages were calculated using paired 
t test with the exception of data that were not normally distrib-
uted, for which the Wilcoxon signed-rank test was used.

RESULTS

Figure 1 shows the flow diagram for participants who were 
included and excluded from this study. We started with 226 
children with RLS/PLMD. Of these, 50 children had history 
of parasomnias and 30 of 50 children underwent iron therapy 
and were included in our study. The demographic features and 
presenting symptoms of the participants in this study are out-
lined in Table 1.

Figure 2 represents changes in iron and ferritin levels 6 to 
12 months and 1 to 2 years after initiation of iron therapy. For 
those participants with repeated changes in ferritin level at 6 
to 12 months, the mean ferritin level before oral iron sulfate 
therapy was 22.32 ± 10.6 ng/mL (n = 13) and it increased to 
54.5 ± 28.6 ng/mL (n = 13, P < .001) after oral iron sulfate ther-
apy. For those participants with repeated ferritin level changes 
at 1 to 2 years, the mean ferritin level before oral iron sulfate 
therapy was 19.2 ± 9.4 ng/mL (n = 12, P < .05) and it increased 
to 48.2 ± 33.6 ng/mL after oral iron sulfate therapy. Serum iron 
levels were not significantly different after oral iron therapy. 
The mean serum iron level was 69.2 ± 45.9 µg/mL (n = 11, 
P = NS) before iron therapy and was 89 ± 25.02 µg/mL (n = 11, 
P = NS) 6 to 12 months after iron therapy. The mean serum 
iron level was 70.75 ± 33.5 µg/mL (n = 8, P = NS) before iron 
therapy and was 87.4 ± 25.6 µg/mL (n = 8, P = NS) 1 to 2 years 
after iron therapy.

The change in PLMI before and after iron therapy is 
shown in Figure 3. There was a significant decrease in PLMI 

(17.2 ± 8.8 [before] versus 6.7 ± 7.3 [after] events/h, P < .001) 
after iron therapy. Of the 30 participants who underwent iron 
therapy, RLS symptoms improved in 15 participants (50%) and 
resolution of parasomnias was noted in 12 participants (40%) 
after iron therapy. Of these 12 participants, 7 had improve-
ment within 3 to 6 months, 3 had improvement within 6 to 12 
months, and 2 had improvement within 1 to 2 years after start-
ing iron therapy.

Of the 30 participants included in this study, 1 participant 
was on iron therapy before the first sleep study, which showed 
persistent PLMS, so the dosage of the iron therapy was in-
creased before the second sleep study. Also, another participant 
tried pramipexole and ropinirole before trying iron therapy for 
RLS/PLMD. PSG indicated the presence of obstructive sleep 
apnea in 9 of 30 participants with a mean apnea-hypopnea in-
dex (AHI) of 2.83 ± 1.61 events/h and mean obstructive AHI of 

30 children with iron therapy 
(21 had sleep studies before 

and after therapy)

20 children treated with other 
medications for RLS/PLMD or 

started on iron but lost to follow up

226 children with RLS/PLMD

176 children without history of 
parasomnias

50 children with history of 
parasomnias

Figure 1—Flow diagram for participant inclusion.

PLMD = periodic limb movement disorder, RLS = restless legs syndrome.

Table 1—Demographics and clinical presentation.
Characteristics Study Population

Total patients, n 30
Age (years), mean ± SD 7.9 ± 4.56
Male 22 (73.3)
Female 8 (26.7)
Leg movement 22 (73.3)
Restlessness 20 (66.6)
RLS symptoms 5 (16.6)
Sleepwalking 11 (36.6)
Sleep talking 15 (50.0)
Sleep eating 2 (6.7)
Nightmares 9 (30.0)
Night terrors 12 (40.0)
Teeth grinding 12 (40.0)

Values are presented as n (%) unless otherwise indicated. RLS = restless 
legs syndrome, SD = standard deviation.
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2.59 ± 1.33 events/h. Of the nine participants with mild ob-
structive sleep apnea, five were treated with nasal steroids or 
montelukast, two with noninvasive positive pressure support, 
and two with no intervention.

When comparing EEG correlates to PLMS in sleep stud-
ies before and after iron supplementation in 14 participants, 
significant differences were found for the following categories: 
PLMS (24.52 ± 9.42 [before] versus 7.50 ± 7.18 [after] events/h, 
P < .0001), PLMS-related arousals (4.71 ± 1.81 [before] ver-
sus 1.35 ± 1.43 [after] events/h, P < .0001), and total arous-
als (11.65 ± 5.49 [before] versus 8.94 ± 3.65 [after] events/h, 
P < .01). In addition, reductions of PLMS-related microarous-
als (0.74 ± 0.43 [before] versus 0.27 ± 0.26 [after] events/h, 
P < .01) and PLMS-related slow wave firings (1.34 ± 1.23 
[before] versus 0.31 ± 0.38 [after] events/h, P < .01) were also 
seen. There were no statistical differences in the percentage 
of sleep stages and WASO in sleep studies before and after 
iron supplementation: N1 (2.67% ± 2.36% [before] versus 
3.85% ± 3.43% [after] P > .1), N2 (51.47% ± 11.30% [before] 

versus 51.24% ± 11.65% [after], P > .5), N3 (26.72% ± 6.77% [be-
fore] versus 26.17% ± 9.24% [after], P > .5, REM (19.14% ± 7.67% 
[before] versus 18.74% ± 5.46% [after], P > 5, and WASO 
(12.03% ± 11.45% [before] versus 14.77% ± 16.39% [after], 
P > 0.2).

DISCUSSION

Our study sought to evaluate the effects of the treatment of 
RLS/PLMD with iron therapy on parasomnias in children. Our 
results indicate that iron therapy leads to significant improve-
ment in PLM index as well as RLS symptoms. Our findings 
confirm previous studies on short-term responses to iron ther-
apy in children with RLS and PLMD.15–17 In addition, Dye et 
al. showed a sustained long-term response to iron therapy for 
more than 2 years following initiation of iron therapy.6

Parasomnias have also been shown to be more common in 
children with RLS/PLMD and it has been suggested that they 
are possibly triggered by PLMS and sleep deprivation.2,4,18 Our 
study is the largest study evaluating the effect of iron therapy 
for RLS/PLMS on parasomnias. Resolution of significant pro-
portion of parasomnias was noted in our cohort 3 to 6 months 
and 1 to 2 years after initiation of iron therapy, suggesting that 
RLS/PLMD may precipitate parasomnias.

Previous studies have shown that parasomnias can be asso-
ciated with primary sleep disorders including sleep-disordered 
breathing and RLS/PLMD. Guilleminault et al. reported a se-
ries of 84 prepubertal children with parasomnias, of which 49 
children had sleep-disordered breathing and 2 children had 
RLS/PLMS based on PSG findings.2 The 2 children with RLS/
PLMS were treated with pramipexole and follow-up 5 to 12 

Figure 2—Iron and ferritin levels before and after iron therapy.

(A) P = NS, n = 11; (B) P = NS, n = 8; (C) P < .001, n = 13; (D) P < .05, n = 12.

Figure 3—PLMI before and after iron therapy.

P < .001, n = 21. PLMI = periodic limb movement index. 
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weeks later showed resolution of report of parasomnias. In 
this study, the mean respiratory disturbance index of the 49 
children with sleep-disordered breathing was 5.4 ± 1.5. In our 
cohort, we also found that parasomnias were fairly common in 
our participants with RLS/PLMD, with 22% who had a history 
of parasomnias. RLS symptoms including leg movement and 
restlessness improved in 15 participants (50%) and complete 
cessation of parasomnias was noted in 12 participants (40%) 
after iron therapy. Interestingly, 30% of our cohort with pa-
rasomnias and RLS/PLMD had coexisting mild sleep-disor-
dered breathing with a mean AHI of 2.83 ± 1.61 events/h. Most 
of them were treated conservatively and only two were treated 
with noninvasive positive pressure support.

It has been speculated that sleep disorders that lead to sleep 
disruption or trigger arousals could precipitate parasomnias in 
children. Guilleminault et al. reported improvement in PLMI 
from 11 to 0.2 events/h and from 16 to 0.2 events/h in the 2 
participants treated with pramipexole.2 In our cohort, there 
were several interesting findings regarding PLMS and the 
EEG features associated with PLMS. There was a 71.3% re-
duction in PLMS-related arousals and a 63.5% reduction in the 
PLMS-related microarousals following iron supplementation, 
which is supportive of an overall improvement in sleep conti-
nuity. In addition to arousals, there was a 76.9% reduction in 
the number of PLMS related slow wave firings (K complexes 
and K-spindle complexes). This further supports an improve-
ment in sleep continuity following iron supplementation given 
the likely role of K complexes in preserving sleep continuity.19 
Finally, although there was a significant decrease in the total 
number of arousals as well as PLMS-related arousals following 
iron therapy, there was no change in the frequency of sponta-
neous arousals. This finding could suggest that in the setting 
of relative iron insufficiency PLMS-related arousals are sec-
ondary to the PLMS themselves (as opposed to the possibility 
that relative iron insufficiency results in a greater tendency for 
arousals events, which in turn trigger PLMS), although further 
studies would be needed to confirm this.

Although the EEG tracing was not available to review for 
every participant included in the cohort, the 69.4% reduction 
in the number of PLMS after iron therapy for the 14 partici-
pants included in the detailed PSG review was similar to the 
61.0% reduction seen in the overall study population. The ratio 
of PLMS-related arousals to total PLMS seen in this cohort 
was similar to previous studies.20,21 There was no reduction in 
the amount of isolated limb movements following iron supple-
mentation. This finding is of interest because it reinforces the 
importance of periodicity in the phenomenology of PLMD.

There are certain limitations in our study. First, this is a ret-
rospective study so the time interval between each clinical visit 
and the duration from initiation of iron therapy to follow-up 
sleep study varies. Second, we assume that these participants 
were compliant with iron therapy as prescribed. However, in-
crease in ferritin levels after therapy suggests that most pa-
tients were undergoing iron therapy. One of our participants 
had previously tried pramipexole and ropinirole before trying 
iron therapy, and this may contribute to improvement of para-
somnias in this particular participant. Third, the timing of pa-
rasomnias improvement in our sleep study is variable from 3 to 

6 months to 1 to 2 years. Although, parasomnias can improve 
over time as slow wave sleep decreases with age, it is unlikely 
that slow wave sleep percentage declines significantly within 
a 1- to 2-year period. Finally, 30% of the participants with 
RLS/PLMD and parasomnias treated with iron therapy also 
had sleep-disordered breathing. Although the sleep-disordered 
breathing was mild in our cohort, it may lead to sleep fragmen-
tation and precipitation of parasomnias. However, it is unlikely 
that sleep-disordered breathing will respond to iron therapy

In conclusion, our study has demonstrated that parasom-
nias frequently occur concurrently with RLS/PLMD. Oral iron 
therapy was associated with a reduction of PLMS and PLMS-
related arousal indices, and improvement in RLS symptoms, 
and resolution of a significant proportion of parasomnias in 
this cohort suggests that RLS/PLMD may be a causative fac-
tor in the development of parasomnia. Larger-scale prospective 
studies are needed to confirm the association between RLS/
PLMD and parasomnias in children.

ABBRE VI ATIONS

AASM, American Academy of Sleep Medicine
CCHMC, Cincinnati Children’s Hospital Medical Center
ICSD, International Classification of Sleep Disorders
PLMD, periodic limb movement disorder
PLMI, periodic limb movement index
PLMS, periodic limb movements in sleep
PSG, polysomnography
REM, rapid eye movement
RLS, restless legs syndrome
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