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abstract

OBJECTIVE: Although children with autism spectrum disorders experience a range of sleep disturbances, exact
mechanisms are not well-characterized. We investigated the association of serum-ferritin to sleep fragmentation
and periodic limb movements of sleep using polysomnography in children with autism spectrum disorders.
METHODS: We conducted a retrospective chart review of children with autism spectrum disorders followed from
1990 to 2010. Inclusion criteria were availability of polysomnography data and ferritin levels within 12 months of
each other. The following variables on polysomnography characterized sleep fragmentation: increased arousal
index, alpha intrusions, and reduced sleep efficiency. The data were compared with age- and gender-matched
controls. RESULTS: Of 9791 children with autism spectrum disorders identified, 511 had a ferritin level, 377 had
polysomnography data, and 53 had both ferritin and polysomnography data. As compared with the controls (86
ng/mL), the median ferritin level was 27 ng/mL in the study autism spectrum disorders population (53 patients) (P
< 0.01), 27 ng/mL in autism spectrum disorder subjects with periodic limb movements of sleep (25 patients) (P ¼
0.01), and 24 ng/mL in autism spectrum disorders subjects with sleep fragmentation (21 patients) (P ¼ 0.02).
Within the autism spectrum disorders population, median ferritin levels were significantly lower in patients with
poor sleep efficiency (7 ng/mL) versus those with normal sleep efficiency (29 ng/mL) (P ¼ 0.01). The prevalence of
periodic limb movements of sleep was 47% in autism spectrum disorders compared with 8% in controls (P < 0.01).
CONCLUSION: Children with autism spectrum disorders had significantly lower ferritin levels compared with
controls. In addition, they experience a higher prevalence of sleep fragmentation, obstructive sleep apnea, and
periodic limb movements of sleep than children with ASD and no sleep complaints. Our preliminary observations,
which have not been described before, need to be validated in multicenter prospective studies.
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Introduction

Autism spectrum disorders (ASDs) are neurodevelop-
mental disorders with multifaceted etiology. It is hypothe-
sized that children with ASDs have abnormal neuronal
connectivity, synaptic functioning, and neurotransmitter
imbalances.1,2 Children with ASD may be at risk for low

ferritin levels and anemia because of their poor dietary
intake of iron.3 Patients with ASD are also known to be at
risk of sleep disorders and dysregulation of sleep/wake
cycle; up to 60% of individuals with ASD have disturbed
sleep, including sleep fragmentation and frequent night-
time arousals.4-6

The sleep-wake cycle is at least in part controlled by the
dopamine-opiate system,7,8 in which iron is an essential
cofactor.9 Hence, iron deficiency may impair dopaminergic
function and thus affect the sleep-wake cycle. Although
serum iron levels may be measured directly in the blood,
these levels are not a sensitive indicator of iron stores
because they increase immediately upon iron supplemen-
tation. In contrast, ferritin levels usually have a direct
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correlationwith the body stores of iron and thus have a high
specificity in the diagnosis of iron deficiency.

Periodic limb movements of sleep (PLMS) are 0.5-5.0
seconds’ duration repetitive and rhythmic movement of the
limbs each separated by 5-90 seconds and occurring in
clusters of four or more.10,11 There is some evidence that
PLMS have been associated with iron deficiency anemia and
other chronic illnesses12; however, the volume of pediatric
literature is rather limited regarding the prevalence and
correlates of PLMS in children and adolescents.13

Sleep fragmentation is characterized by repetitive short
interruptions of sleep seen on electroencephalography14-16

and is often manifested by nonspecific daytime somnolence
or irritability.17 It places children at risk for adverse cardiova-
scular, neurological, and metabolic outcomes because of un-
derlying obstructive apnea, hypoxemia, or hypoventilation.18

Additionally, the additive effects of sleep fragmentation
could lead to profound neurocognitive deficits over time.19

Previous studies have examined the relationship between
ferritin and sleep disturbances in children with ASDs, using
subjective parental report. An 8-week open-label trial of iron
supplementation was performed in children with ASD, low
ferritin levels, and parent-reported sleep disturbances. Sup-
plemental iron treatment resulted in reduction in restless
sleep in29%of theparticipants and increased ferritin levels.20

Although this study suggested an association between
ferritin and sleep disturbances, it is limited by its reliance on
subjective parental report, which has been proven to not be
an accurate predictor on polysomnography (PSG).21

Because sleep fragmentation could present with
nonspecific behavioral changes, it is crucial to rule out sleep
difficulties in patients with ASDs as well as better under-
stand potential causes of these sleep difficulties. The pri-
mary objective of our study was to assess the relationship of
serum ferritin levels in children with ASD with or without
sleep fragmentation or PLMS on PSG.

Materials and Methods

This was a retrospective cross-sectional chart review of patients with
ASD who were evaluated at Boston Children’s Hospital between January
1, 2000, and December 31, 2010. Children younger than 21 years with an
International Classification of Diseases-9 diagnosis of ASD who had
documented complete blood count and iron studies (including ferritin
levels) and a PSG within 1 year of the serum ferritin level were included
in the study. In patients with multiple ferritin levels within the year, the
value closest to the date of PSG was used. Data on age, gender, medi-
cation use, and comorbid medical, hematologic, neuromuscular, and
psychiatric disorders were collected. An equal number of age- and sex-
matched children without ASD referred for further evaluation of
various sleep complaints were also included in the study.

The primary predictor of interest was serum ferritin level. The mean
and standard deviation were reported and compared with the institu-
tional norm. The primary outcome was evidence of sleep fragmentation
on PSG, which was defined as an abnormality in at least one of the
following parameters: arousal index (number of arousals/hour associ-
ated with electroencephalography arousal) >10/hour; alpha intrusions,
at a minimal frequency of at least 1/minute, for >50% of the night on the
PSG (alpha waves are normally present when someone is awake;
therefore, their presence during sleep is a marker of abnormal sleep ar-
chitecture and the presence of sleep fragmentation); and/or sleep effi-
ciency (ratio of total sleep time to total time in bed)<85%. The secondary
sleep outcome of interest was the presence of PLMS >5/hour (repetitive
and rhythmic movement of the limbs, 0.5-5.0 seconds’ duration, each
separated by 5-90 seconds, occurring in clusters of four or more).

Statistical analysis

Demographic information, clinical characteristics, and
sleep variables/parameters were reported using descriptive
statistics. Wilcoxon test, a nonparametric test, was used to
compare laboratory and PSG parameters because the study
data were not normally distributed. A logistic regression
was also performed to evaluate the association between
serum ferritin levels and PSG parameters. Statistical ana-
lyses were performed on JMP v8.0.2 and SAS v9.3.

Results

Of the 9791 children with ASD who were seen during the
study’s time frame, 511 had ferritin levels, and 377 had un-
dergone a PSG, but only 53 (37 boys, 16 girls) had both ferritin
and PSG data andmet all inclusion criteria. The median age of
the studypopulationwas8years. PLMSwere identified in25of
53PSGs reviewed, indicatingaprevalenceof47%.Majorclinical
diagnoses besides ASD included seizures, chromosomal/ge-
netic anomalies, and structural airway anomalies. Anemia
was a commonmedical problem in our study group, affecting
8% of boys and 20% of girls. Baseline characteristics and he-
matologic data for our study population are summarized in
Table 1.

Themedian ferritin level of all 511 childrenwith ASDwas
35 ng/mL. Of those 511 patients, 175 had documentation of
sleep complaints and their median ferritin level was slightly
lower at 31 ng/mL.

The median ferritin level of the final study group
(comprising 53 patients) who had a PSG was 27 ng/mL,
which was significantly lower than the control population
(86 ng/mL) (P < 0.01).

The prevalence of PLMS was 47% in ASDs, compared with
8% in controls (P < 0.01). Median ferritin level in ASD pa-
tients with PLMS was 27 ng/mL, which was significantly
lower than controls (P ¼ 0.01). However, median ferritin
level in ASD patients with PLMS did not significantly differ
from those without PLMS (26.8 ng/mL) (P > 0.1).

A marker of sleep fragmentation was observed in 42% of
subjects. Children with at least one marker of sleep frag-
mentation had a median ferritin level of 24 ng/mL, which
also was significantly lower than the control population
(P ¼ 0.02). Within patients with sleep fragmentation, chil-
dren with poor sleep efficiency had a median serum ferritin
of 7 ng/mL as compared with 29.1 ng/mL in children normal
sleep efficiency (P ¼ 0.01). Patients with other markers of
sleep fragmentation (alpha intrusions and arousal index)
did not have significantly different ferritin levels from the
patients with no alpha intrusions and normal arousal index
(P > 0.1). Finally, within patients with sleep fragmentation,
trends for girls to have alpha intrusions (P ¼ 0.060) and
lower sleep efficiency (P ¼ 0.07) were observed.

Thirty-seven percent of patients in our study had obstruc-
tive sleep apnea (OSA). However, neither the bodymass index
nor median ferritin level differed significantly between ASD
patients with OSA and those without OSA (P > 0.1). Finally,
simple logistic regression models showed that serum ferritin
levels did not significantly predict the occurrence of abnormal
PSG,PLMS,OSA,or sleep fragmentation (P>0.1). Tables2and3
list the statistics on ferritin levels and sex differences in PSG
parameters, respectively.
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