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Abstract

This study aims to investigate the prevalence of anemia in children and adolescents with autism, between 3 and 18 years
old, through a retrospective review in medical records. Additionally, items relating to food selectivity and/or restriction
were assed. A total of 118 medical reports were reviewed concerning hematimetric parameters (serum ferritin, iron, hemo-
globin, hematocrit, mean corpuscular volume, and red cell distribution width). We found that 28.07% had anemia based
on hemoglobin, according to the WHO; in these patients, 21.5% had some type of food selectivity. Regarding anemia as a
result of iron deficiency (ferritin below 12 pg/1 for children under five years and below 15u/L for over five years) we veri-
fied that 19 patients presented a positive result. The high frequency of adolescents and children with anemia suggests that
these parameters should be measured as part of a routine investigation in Autism Spectrum Disorder as a standard practice.
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Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental
deficits  in
communication and interaction, and the presence of repetitive

disorder characterized by persistent social
behaviors and/or restricted intetests [1, 2. The heterogeneity of
etiology is without doubt a major obstacle, because an overlap
of symptoms masks the actual path to a real cause of ASD [1].
Despite the increasing frequency of diagnosis and numerous
suggestions and/or theoties as to the origins of this appatent
sudden epidemic of ASD, a unique cause has not been identified
[3]. ASD affects one in every 68 children in the United States, and

prevalence is increasing [4].

Anemia diminishes oxygen transportation in the body, resulting in
potentially irreversible growth and developmental consequences
for children. This disease is a condition resulting from insufficient
healthy red blood cells to carry an adequate amount of oxygen to
tissues. Anemia symptoms vary depending on the cause: fatigue,
weakness, pale skin, a fast or irregular heartbeat, shortness of

*Corresponding Author:
Kamila Castro,

breath, chest pain, dizziness, cognitive problems, cold hands and
feet, headache. Initially, anemia can be so mild as to go unnoticed,
but its symptoms increase as it progresses |5, 6]. Globally, 43% of
young children (6-59 months) [7] and 25% of older children (5-15
years) [6], a combined 600 million, are estimated to be anemic.

Iron is a crucial micronutrient in early neurodevelopment. In
the brain, iron contributes to neurotransmitter production,
myelination, and immune function [8]. There is a considerably
an important role of iron in cognitive, behavioral and motor
development [8], and iron deficiency eatly in life can affect
these parameters [9]. Long term, iron deficiency can cause
neurocognitive problems, such as psychomotor development
delay [10]. The current parameters used for the diagnosis of iron
deficiency include serum ferritin and iron (transferrin) saturation
[11].

Anemia due to iron deficiency is the most common nutritional
deficiency in many developing countries, causing major health,
social and economic consequences [12]. Some studies reported
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lower ferritin levels in different neurological diseases such as
attention deficit hyperactivity [13] and Tourette’s syndrome [14].
Children and adolescents with ASD may have deficits of iron
levels increasing the prevalence of anemia in this population [15-
19]. In addition, the high frequency of low iron intake in these
children is thought to be associated with feeding difficulties and
food selectivity [20]. Thus, the aim of this study was to review
hematimetric data from children and adolescents with ASD,
outpatients in a Hospital in Porto Alegre, Brazil.

Methods
Participants

Participants were selected from an ASD specialized Neuropediatric
Ambulatory in a Clinical Hospital in Porto Alegre and a
retrospective review was conducted using medical records from
December 2012 to July 2015. The inclusion criteria were patients
with ASD diagnosis by a pediatric neurologist; using both genders
and an age range between three to eighteen years.

Clinical and Hematological parameters

The clinical parameters noted were age of onset of symptoms, age
of diagnosis, and use of medication (s). To assess the presence of
food selectivity or restriction that could play an etiological role in
anemia, this information was collected in the medical records in
the same period as the blood tests. Food selectivity can be defined
in the literature with multiple terms referring to a range of
concepts including food refusal, a limited repertoire of accepted
foods, and high-frequency single food intake [20]. In our study, we
define food selectivity as a small vatiety or color of food, limited
texture, and restriction with eating schedules or accessories to
eating. Hemoglobin, hematoctit, red and white blood cells count
and mean corpuscular volume (MCV) were also obtained from
medical records and analyzed through the parameters in the
literature, stratified by age and gender [21]. Patients with ferritin
below 12 ng/L for children under five years and below 15 ug/L
for over five years were considered to have anemia [21]. As iron
deficiency anemia is the main microcytic anemia in childhood,
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the presence of microcytosis was also considered iron deficiency
anemia, in the absence of ferritin data.

Statistical analysis

Descriptive analysis was performed using SPSS version 22.0. The
results are shown with mean * standard deviation or median
(minimum — maximum).

Ethics Aspects

The Ethics Committee at the Clinical Hospital of Porto Alegre
approved this study for all aspects (protocol number 14-0674).

Results

During the period, 203 medical records of patients with ASD were
analyzed. A total of 118 medical records with blood exams were
reviewed. With a mean age of 10.7 £ 4.5 years, approximately 79%
of these patients were male. The mean age of onset of symptoms
was 2.53 + 1.08 and the age of diagnosis of the patients was 5.5
+ 2.7 years. Other clinical and demographic characteristics are
described in Table 1.

Hematological parameters are shown in Table 2. Considering
the total number of outpatients, the prevalence of anemia was
28.07%. For anemia characterized through iron deficiency, eleven
patients showed lower levels of ferritin and eight patients showed
lower MCV, accounting for 33.3% of total anemia (Figure 1).

A total of 13 girls and 44 boys had anemia. Considering preschool
children aged less than six years old (median: 4.6; 3.41-6.00), there
wete 10/21 patients with anemia, while in older children and
adolescents (median: 12.76; 6.25-18.58 years old), 47/97 showed
this disorder.

Iron deficiency anemia was present in 9.35% (n=19) of the total
number of outpatients, in 14 ASD boys, and in 5 ASD gitls. The
mean age of these boys and girls was 11.76 and 12.71 years old
respectively.

Table 1. Demographic and clinical characteristics of Autism Spectrum Disorder pediatric outpatients.

Variable

N (%)

Gender

Male

Female

24 (20.3)
94 (79.7)

Epilepsy
Yes
No

32 (27.1)
86 (72.8)

Drugs
Yes
No

104 (88.1)
14 (11.9)

Yes
No

Food selectivity +

29 (25.6)
84 (74.3)

+A small variety or color of food, limited texture, and restriction with schedules to eat or accessories to do the meals reported in medi-

cal records. n=118 medical records of patients with blood exams.
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Table 2. Hematological parameters of Autism Spectrum Disorder pediatric outpatients.

Variable

Results

Ferritin (ng/mL)*

30.60 = 10.94 (8.1-165.3)

Iron (ug/dL)*

95.00 £ 37.65 (9.1 — 203)

Hemoglobin (ug/dL)

12.86 + 1.17 (7.9-20.3)

Hematoctit (%)

37.60 £ 3.11 (21.8-40.2)

MCV (fL)

82.91 + 5.21 (65.8 — 95.2)

RDW (%)

13.27 £0.88 (11.7 — 16.06)

MCYV: Mean Corpuscular Volume; RDW: Red Cell Distribution Width. *The analysis to ferritin and iron levels n=80 patients for the
other parameters analyzed n=118. The reference values are according to WHO. Iron Deficiency Anaemia Assessment, Prevention, and Control
A guide for programme managers. 2001.[21]

Figure 1. Anemia inoutpatients with Austin Spectrum Disorder (ASD).

A total of 29 patients had some type of food selectivity, but when
the anemic patients were analyzed (n=57), 21.5% showed this
behavior. In addition, for patients with iron deficiency 15.78%
had eating restrictions.

Discussion

Our study reported a prevalence of 28.07% of anemia in patients
with ASD. Other studies have also showed iron deficiency and
anemia in this neurological disorder. However, the studies vary
according to different parameters of the analyses, e.g., transferrin
levels, iron levels or hematimetric levels in global form [15-19].
National population data indicate that the prevalence of anemia
in children under five years of age is 20.9%, and in children under
two years is 24.1%. Specifically on our region, South Brazil, 605
children were assessed and the prevalence of anemia was close to
national data, at 21.5% [22].

In studies with autistic children and non-autistic children that
compared hematimetric levels, transferrin levels were lower [19],
and intraerythrocyte and plasma non-protein-bound iron levels
were significantly increased in autistic patients [23].

Anemia has been reported in the literature in 3% to 15.5% of
children with ASD [15, 17, 24-26]. A recent study reinforced that
iron deficiency and iron deficiency anemia were more common
in children with global developmental delay and/or ASD than in
the general population [24]. It’s noteworthy that both data sets, in
ASD children as well in the general population [24], evidenced a
lower prevalence than in our study.

When stratified for age, although not statistically significant,

iron deficiency was more prevalent in preschool-aged than
school-aged children (32.4% vs. 20.3%) and anemia was higher
in older cases (13.5% vs. 16.5%), respectively [15]. In our study,
we found similar rates of anemia in preschool and school aged
patients. Considering that our younger sample is very small, more
investigation is needed.

A low intake of iron by these children is also reported [27] and
could be related to anemia prevalence. However, considering
studies that evaluated food records, there is controversy. One study
showed fewer than 2% of ASD children had iron intake below
the estimated average requirement. In the same study, 8% had
serum ferritin lower than 12 pg/T., 1% had iron deficiency defined
by both low serum ferritin and serum transferrin, and just one
subject had iron deficiency anemia [17]. On the other hand, the
iron intake compared to the RDIs showed a 5.24 fold higher risk
of failing to meet recommendation in ASD children compared to
controls [28]. In addition, 35% of school-age children with ASD
had insufficient iron intake [16], and an inadequate consumption
of this micronutrient was more frequent in children with ASD
compared to controls [27, 29] or to reference values [27, 30, 31].

A low iron intake in these children could be associated with
feeding difficulties and food selectivity [20], however, in our
sample with anemia, just 21.5% had some food selectivity register
and only 15.78% of those with iron deficiency anemia showed
this behavior. According to Hergriiner et al., (2012) [15], impaired
iron absorption could be responsible for this effect. However, the
hypothesis is contradicted by an intervention study from Dossman
et al., (2007) [10] in which iron supplementation restores ferritin
and iron levels, weakening this probability.

In the present study, the frequency of children and adolescents
with anemia was classified in the moderate category of public
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health significance, on the basis of prevalence estimated from
blood levels of hemoglobin and hematocrit, according to WHO
criteria [21]. This result justified redoubling prevention efforts,
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