Iron Status in Children With Autism Spectrum Disorder

BACKGROUND AND OBJECTIVES: Children with autism spectrum dis-
orders (ASDs) often have food selectivity and restricted diets, putting
them at risk for nutritional deficiencies. Previous studies have demon-
strated a high prevalence of iron deficiency (ID) in children with ASDs
living in Wales, Canada, and Turkey. The objectives of this study were to
determine the prevalence of ID and the adequacy of iron intake in chil-
dren with ASD in the United States.

METHODS: Participants (age 2—11 years recruited from the Autism
Treatment Network Diet and Nutrition Study) completed a 3-day diet
record (n = 368) and had laboratory measures of serum ferritin (SF),
complete blood count, iron, total iron binding capacity, and transfer-
rin saturation (TS) (n = 222).

RESULTS: Of the 222 participants with laboratory data, 18 (8%) had SF
<12 ug/L and 2 (1%) had ID defined by both low SF and TS (3 children
with low SF had missing TS data). One subject had iron deficiency
anemia. Fewer than 2% of subjects had iron intake below the
estimated average requirement.

CONCLUSIONS: Although the determination of iron status is complex,
these data do not support previous reports that children with ASD are
at greater risk for ID than the general population; however, 8% percent
of the sample did demonstrate low SF despite <2% of the sample
demonstrating iron intake below the estimated average requirement.
The prevalence of low SF may be an underestimate, because SF is an
acute phase reactant and the study included no measure of inflam-
mation. Pediatrics 2012;130:S154—-8159
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Autism spectrum disorders (ASDs) are
a group of disorders defined by dys-
function in 3 areas of development: so-
cial interaction, communication, and
restricted interests and repetitive behav-
iors.Thethird area of symptoms is often
associated with a need for sameness,
which is thought to contribute to feeding
issues, such as mealtime rituals and a
limited food repertoire!2 reported in
70% to 90% of children with ASD.3-5
Previous studies have raised concerns
that intake of iron, B vitamins, vitamin D,
vitamin K, calcium, and zinc may be
deficient in up to one-third of children
with ASDs, and that dietary insufficiency
may be more common in children on a
restrictive diets-9; however, the Autism
Treatment Network (ATN) Diet and Nu-
trition Study, also published in this
supplement,’© did not find differences.
Indeed, the prevalence of inadequate
intake was similar to the general pe-
diatric population. Three studies have
identified concerns regarding iron
status in children with ASDs. In South
Wales, Turkey, and Canada, low serum
ferritin (SF) was found in 7% to 52% of
children with ASDs by using SF of <10
to 12 ug/Lto define a low value. Anemia
was found in 1% to 15% of children with
ASDs and varied by country and type of
ASD diagnosis. It was not always pos-
sible to determine which children with
anemia had iron deficiency anemia
(IDA) in these studies.!'-13 Ferritin
alone was used to evaluate iron de-
ficiency (ID). The diagnosis of ID is quite
challenging,' and the regulation of
iron absorption is complex.'®® This
complexity requires multiple measures
of iron status to determine iron suffi-
ciency. Although clinicians typically use
hemoglobin (Hgb), a measure of ane-
mia, as a way to monitor iron status,
iron stores become deficient before a
decrease in Hgh. Transferrin satura-
tion (TS) and SF are widely used to
assess iron status. Previous studies in
children with ASD did not use multiple
markers to make a diagnosis of ID.
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Iron intake is not always associated
with iron status. Iron is consumed from
dietary sources and very low intake
leads to deficiency; however, absorption
can vary greatly in those with sufficient
intake. For example, the bioavailability of
iron from nonheme sources may be less
than from heme sources; vitamin C can
enhance absorption; calcium, divalent
cations, and other substances presentin
food can inhibit absorption; and poor
absorption may be associated with
chronic inflammation.'” These variations
lead to difficulty in determining iron
requirements for a population, because
individuals need different amounts of
dietary iron based on the sources of iron
and their rates of absorption. Only 1
study has compared iron intake with
iron status in a small number of children
with ASD and restless sleep.” The study
found SF was not associated with iron
intake (estimated from 3-day food re-
cord); however, SF levels increased after
supplementation with iron, suggesting
that increasing intake improved iron
status. No study has compared iron in-
take with laboratory measures of iron
sufficiency in a large group of children
with ASD. The association between iron
intake and iron status is important to
evaluate because of concerns that poor
absorption may play a role in ID in chil-
dren with adequate intake.

Despite concerns about dietary in-
adequacy and evidence that ID can
affect attention, sleep, and cognitive
development,'8-24 no studies in the
United States have examined iron
status or the relationship between
iron intake and iron status in children
with ASD. It is important to identify
remediable medical risk factors for
both behavioral and medical dis-
orders in children with ASD. This study
was undertaken to determine if chil-
dren with ASD have a high prevalence
of ID, IDA, or insufficient iron intake,
and the relationship of iron intake to
iron status.

SUPPLEMENT ARTICLE

METHODS
Sample

Our study used a cross-sectional, ob-
servational design to study iron status
and iron intake in a geographically di-
verse population of children with ASD.
Subjects were recruited from 5 sites
withinthe ATN (Rochester, NY; Denver, CO;
Cincinnati, OH; Pittsburgh, PA; and Little
Rock,AR). Participants were 2to 11years
of age at enrollment and had all received
a diagnosis of autism, pervasive deve-
lopmental disorder (not otherwise
specified), or Asperger syndrome by
Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition crite-
riaZs and the Autism Diagnostic Obser-
vation Schedule.2 Cognitive testing from
clinical evaluations is available from the
ATN registry. Parents completed a de-
mographic questionnaire including ed-
ucation and family income, allowing for
determination of socioeconomic status
using the Hollingshead Four Factor In-
dex score.?” This study included partic-
ipants from a larger study of diet and
nutrition, which included collection of
dietary measures.'? Institutional review
board approval was obtained at all 5
sites and appropriate consent and as-
sent was obtained for all subjects.

Blood Specimen Collection

Laboratory measures were collected on
the day of the diet record training and
were optional. Sixty percent of families
consented to a blood draw, which was
often paired with other needed clinical
laboratories. Topical lidocaine/prilocaine
cream was offered for application 20
minutes beforethe blood draw. Blood was
sent for complete blood count, SE TS, iron,
and total iron-binding capacity. Specimen
collection and analysis were performed
at each site, often by the local Clinical and
Translational Research Center.

SF

SF lacks a uniform reference range in
the literature. Because of variability in
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cut points for low values between
sites, a cutoff of <12 wg/L was used as
suggested by the World Health Orga-
nization.28 The clinical laboratories
across sites used different commer-
cial methods for analysis of ferritin:
Colorado, Siemens (Dade-Behring)
BNIl Nepholometric Ferritin Assay;
Rochester, ElectroChemiluminescence
immunoassay made by Roche; Cincin-
nati, Siemens Dimension RxL; Pitts-
burgh, Beckman Coulter; Arkansas,
Enhanced Chemiluminescense assay,
J and J Ortho Clinical Diagnostics.

TS

TS is a calculated value based on iron
divided bytotaliron-binding capacity. ATS
of <10% was considered abnormal.2®

IDA

Anemia is not specific for ID, and there-
fore some measure of iron status is also
needed to determine that anemia is at-
tributabletoID. Low SFalong with anemia
is often used to help make a diagnosis of
IDA. For this study, IDAwas defined as low
Hgb (<11.0 g/dL for children <5, and
<12.0 g/dL for children 6—11)2° and SF
<12 ng/L28

Ferritin Model of ID

NHANES has reported ID based on the
“ferritin model” (2 of 3 measures low: SF,
TS, and erythrocyte protoporphyrin).30
Transferrin saturation is widely used to
evaluate ID, but because of diurnal var-
iation in serum iron requires a second
measure. SF is considered to be a good
indicator of low iron stores but is also
an acute phase reactant and can be
falsely elevated in the face of acute or
chronic inflammation.'* Because erythro-
cyte protoporphyrin is not widely used,
we defined ID based on low SF and low TS.

Diet Records

Food records were collected for each
child over 3 consecutive days, including
1 weekend day and included dietary
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supplements. The methods for collection
and analysis of diet diary data are de-
scribed in the accompanying article on
nutrition.’® The estimated average re-
quirement (EAR) is the average daily nu-
trient intake level estimated to meet the
requirements of half of the healthy indi-
viduals in a group. It is used only for
nutrients for which a daily recommended
intake has been established. Iron intake
was determined from dietary and sup-
plemental sources. Nutrient intake was
adjusted for day-to-day variability. The cut
point method, which reflects the pro-
portion of individuals within a group with
inadequate intake, was used to determine
the percentage of individuals with intakes
below the EAR3' Because of its skewed
requirement distribution, the full proba-
bility approach was used to determine the
prevalence of insufficient iron intake.32

Analysis

A 2-sample t test for continuous
measures and X2 tests for categorical
variables were used to examine dif-
ferences between the participants in
the larger diet and nutrition study
whose parents consented to blood
testing and those who did not. De-
scriptive statistics, including the mean,
SD, and median values for SF and TS
were computed for the sample. In ad-
dition, the percentage of these values
reported to be below or within the
normal range were computed for the
total sample for these laboratory tests.
Exact x° tests (proportion) and analy-
sis of variance tests (means) were
used to determine differences among
sites in measures of ID. The method
used to determine percentage below
the EAR was a group distribution of the
percentage below the EAR cutoff. All
analyses were conducted by using SAS
version 9.2 (SAS Institute Inc, Cary, NC).

RESULTS

0f 368 subjects enrolled in the ATN Diet
and Nutrition Study, 222 (60%) had blood

drawnforiron studies. Ofthese, 162 (73%)
were diagnosed with autism, 40 (18%)
with pervasive developmental disorder-
not otherwise specified, and 20 (9%)
with Asperger syndrome. The mean age
of children who had blood specimens
collected was 5.3 years, range 2 to 11
years, and 87% were male. No significant
differences were noted in those who
consented to blood specimens based on
race/ethnicity, age, cognitive function,
socioeconomic status, or iron intake as
estimated from 3-day food records (Ta-
ble 1). There was significant variability
in the percentage of individuals con-
senting to blood draw (32% to 88%, P <
.001) across the 5 participating sites.
However, there was no difference by site
in prevalence of SF <12 ug/L (P = 19)
or in mean SF (P = .13). There was also
no difference by site in prevalence of TS
<10% (P = .95) or in mean TS (P = .20).

SF <12 pg/L was present in 8% of
participants, indicating low iron stores.
Only 2 children (1% of the sample) met
ourcriteria for ID. Unfortunately, 3 of the
18 children with low SF had missing
data for TS. One child in the sample met
criteria for IDA (Table 2). ID rates varied
by age group in the NHANES study
(1999-2000): 7% of 1- to 2-year-olds, 5%
of 3- to 5-year-olds, and 4% of 6- to
11-year-olds after excluding those with
elevated G-reactive protein.33 Our data
found lower rates of ID in all age groups
compared with NHANES data. The prev-
alence of low SF alone in the NHANES
sample is not published. In our sample,
the percentage of children with intakes
less than EAR was <<2% and increased
with age. In contrast, low SF was more
common in the younger group.

DISCUSSION

This is the first study to evaluate iron
status in a large, well-characterized
population of children with ASD in the
United States. Unlike previous studiesin
children with ASD, this study included
measurement of both SF and TS to
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TABLE 1 Characteristics of Study Participants With

and Without Laboratory Data

Characteristic No Laboratory Data n (%) Laboratory Data n (%) P Value

Race (n = 368) 74

Asian 3 (1) 4(2)

African American 6 (4) 12 (5)

Native American 0(0) 1(0.5)

White 130 (89) 188 (85)

Mixed race 7 (5) 17 (8)
ASD Diagnosis (n = 368) 02

Autism 92(63) 162 (73)

Asperger’s 9 (6) 20 (9)

PDD/NOS 45 (31) 40 (18)
Gender, male (n = 368) 122 (83) 193 (87) 37
Age, y (n = 368) 5.15 (2.31) 5.37 (2.50) 39
1Q score, mean (SD) (n = 307) 80.97 (23.62) 80.43 (22.87) .84
Hollingshead score (n = 339) 43.48 (13.19) 44.45 (12.97) 50
Intake of dietary iron (n = 292) 12,61 mg (10.56) 12.40 mg (11.56) 83

PDD/NOS, pervasive developmental disorder-not otherwise specified.

identify ID. This is important because SF
is an acute phase reactant and elevated
in the face of inflammation. Inflamma-
tion would artificially increase the
ferritinlevels and decrease suspicion of
ID. The use of both SFand TS was included
because of the lack of sensitivity or
specificity for each test alone3* This is
alsothe first large study to compare iron
status to dietary iron intake from both
food and supplements. The laboratory
findings do not support previous studies
from Canada, South Wales, and Turkey
that reported higher rates of ID/low SF in
children with ASD than in the general
population.'-13 Decreasing rates of ID
in the United States over the past de-
cades?® may explain some of the differ-
ences between the findings of this study
and older studies in children with ASD.

TABLE 2 Markers of Iron Status in Children

With ASD
Marker Total No. With  No. With Low

Available Data  Levels (%)

Low SF (<12 ug/l) 218 18 (8)

Low TS (<10%) 199 12 (6)

Iron deficiency (low 195 2.(1)

SF and TS)2
Anemiab 219 7(3)
ID anemia (anemia 213 1(<1)

and low ferritin)

Some children had missing laboratory data because of
difficulty drawing an adequate volume of blood.

aThree children with SF <12 did not have TS levels drawn.
b Anemia = Hgb <11.0 g/dL for children <5 and <12.0 ¢/dL
for children 6 to 11.
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Identifying ID when present is impor-
tant, because ID, even without anemia,
has adverse consequences on de-
velopmental and behavioral function in
infants3® and children 3837 Iron plays an
important role in dopamine metabo-
lism in the brain3® and is a cofactor for
tyrosine hydroxylase responsible for
dopamine synthesis.®® Inattention and
working memory have been reported
to be negatively impacted by ID in
children with typical development,?!
with similar findings in animal mod-
els.40 Several authors have found low
SF/ID in children with attention-deficit/
hyperactivity disorder.182057.4142 This is
not a uniform finding, however.'

This study has several limitations. Al-
though our data found 8% of children
had low iron stores (SF <12 ng/mL), we
did not have a marker of inflammation
and may have missed some cases of ID
owing to falsely elevated SF Our sites
demonstrated variability in cut points
for low SF values, necessitating use of
a single cutoff of <12 ug/L, which may
have led to under identification of low
SF. Unfortunately, 3 children with low SF
did not have a TS drawn because of
difficulty obtaining an adequate quan-
tity of blood. The prevalence of ID was
only 1% but may have been as high as
2.5%. Although the prevalence of ID
appeared lower than previous NHANES
data, the most recent available NHANES

data are 10 years old.33 It is possible that
the prevalence of ID in the general pop-
ulation may have decreased since that
time. The sample of children with ASD
consisted of volunteers recruited from
a research registry and may not be
representative of all children with ASD.
We also excluded monolingual Spanish
speakers because of constraints re-
garding diagnosis, and this procedure
may have excluded a group particularly
prone to ID.® Families who had more
concerns about their child’s nutritional
status might have been more likely to
consent for the optional laboratory
testing. This may have been minimized,
however, as the blood test was often
performed at the same time as the initial
etiologic testing recommended at di-
agnosis, such as chromosomal micro-
array. Indeed, the prevalence of dietary
insufficiency in children with ASD was
similar to that of the general pedia-
tric population represented in NHANES
healthy subjects.’® When the appropri-
ate evaluation metric for comparison,
the EAR, was used, children with ASD did
not differ from the NHANES population in
iron intake. Of note, major sources of
iron in the diet of these children were
from enriched or fortified foods, such as
breakfast cereals. Nonheme sources of
iron may be less available for absorption
than heme (meat)-based sources.'” Be-
cause of the skewed requirement dis-
tribution, the EAR for iron can be used
only to do group analysis. Individual
analysis is not possible.

CONCLUSIONS

Although determination of iron status is
complex, children with ASD are at risk
for low SF, which has been associated
with attention and sleep problems.18-24
Dietary inadequacy of iron does not
appearto be the only risk factor for low
iron stores. Future studies will need to
explore the complexity of iron metab-
olism and include central laboratory
testing, markers of inflammation such
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as G-reactive protein, and other mark-
ers of iron absorption. Biomarkers such
as hepcidin and transferrin receptor
have been found to play an important
role in iron absorption and transport
into red blood cells.'® These tests are
promising but not widely available, and
normal values for children have not
been established. Iron supplementation
of children with ASD is not recom-
mended without documentation of
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