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ABSTRACT

Introduction: Iron is an important factor in neural development.
Iron Deficiency (ID) and Iron Deficiency Anaemia (IDA) anaemia is
highly prevalent in patients of autism. There are paucity of studies
to show association between iron profile and autism.

Aim: To investigate factors affecting iron status such as haemoglobin
(%), serum iron, ferritin, and Total Iron Binding Capacity (TIBC) level
in children with Autism Spectral Disorder (ASD) and healthy control.

Materials and Methods: It was a case-control study done from
April 2018 to April 2019. Total 100 participants were recruited of
which 50 autistic patients were taken as cases, and 50 healthy
subjects were taken as control. Childhood Autism Rating Scale
(CARS) was used to evaluate the severity of autistic symptoms.
Cut-off value of serum ferritin was <10 ng/mL for preschoolers
(<6 years) and <12 ng/mL for school-aged (>6 years) children
to evaluate ID. Anaemia was defined as haemoglobin <11.0 g/dL
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for preschoolers and <12.0 g/dL for school-aged categorical
variables and were compared by using Chi-square test. Normally
distributed parametric variables were compared between groups
by using independent samples t-test. Serum ferritin, iron, TIBC
values were compared between severe, mild-moderate and
control groups with Analysis of Variance (ANOVA). The p-value
<0.05 was accepted to be statistically significant.

Results: Mean serum levels of ferritin, iron, TIBC were significantly
reduced in ASD patients (p<0.001). The level of haemoglobin was
also lower in ASD patients but it was not significant (p-value=0.51).
Risk of ID and IDA was higher than normal subjects (RR for ID 1.74).
Level of serum ferritin, iron and haemoglobin was lowest in severe
autism as compared to mild-moderate autism and control groups.
Conclusion: These findings suggestiron and ferritin levels should
be measured in autistic patients as a baseline investigation and
it may be used as a screening test for ASD.
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INTRODUCTION

Autism Spectrum Disorder (ASD) is a group of disorders which is
characterised by impairment in three area of developmental. The
three areas are low socialisation, defective talking skills, restricted
and repetitive behaviours [1,2]. These symptoms are often associated
with a need for sameness, which leads to some feeding issues,
such as mealtime rituals and a limited food repertoire [3]. Autism is
a neurodevelopmental disorder that affects the multiple domains of
development which includes language, sensory, motor function, social
behaviour and their interests. While the aetiology of ASD is complex
and not fully understood. A strong genetic evidence is suggested from
twin and family history [4].

Asperger Syndrome, is towards upper side of spectrum in ASD,
where symptoms are less severe. Patient has average intelligence
and very few language problems. The lower end of spectrum
consists of patients with classical autism in which symptoms are
very severe. They have very poor socialisation and understanding
of verbal and non-verbalcues. They also despise contact with
human [5]. It typically affects the cerebral cortex, basal ganglia,
corpus callosum, cerebellum, brain stem hippocampus and
amygdala which are involve in higher mental function movement,
behaviour, coordination, muscle for speaking and short-term memory.
Hyperactivity, restrictive repetitive behaviour, mood problems, tics,
self-injury are very common manifestation associated with autism [6].
Incidence of autitsm has increased significantly after 1980 [7]. The
global prevalence of ASD at 0.76%; this accounts for approximately
16% of the global child population [8]. ASD is more common in
males, male to female ratio of ASD is 4.3:1 [7]. Iron is an important
neurotransmitter that acts as co-factor for enzymes which has role
in cognitive, behavioural, and motor development [9]. Changes in
serotonergic and dopaminergic systems, cortical networks, and
myelination is seen when reduction in iron level is seen [10]. So, in
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ID, learning, memory, and psychomotor sensory functions attention
is very much afflicted [10].

ID affects 47% of children worldwide: 50% of children in developing
countries are affected with ID [11] and 6-12% of children in developed
countries are affected [12]. The current parameters used for the
diagnosis of ID include serum ferritin <10 pg/L [13]. There is a
bidirectional relationship between ID and developmental problem such
as autism. ID impairs the processes of neurotransmitter metabolism
and myelin formation as well as altering energy metabolism in the
brain. These affects are known to cause behavioural and cogitative
developmental delay in children [14]. It is not clear that what is the
degree and duration of ID which causes these developmental delays.
There has been debate as to whether ID without anaemia may have
any significant affect or not [15,16]. There are limited literature about
the association between ID parameters and clinical symptoms of
autism [1-3]. So, this study aimed to investigate factors affecting iron
status such as haemoglobin (Hb), serum iron, ferritin, TIBC level in
children with ASD compared to healthy control and to describe the
degree of iron depletion and ID in children with autism.

MATERIALS AND METHODS

This was a case-control study conducted in the Department of
Biochemistry, Indira Gandhi Institute of Medical Sciences, Patna,
India from April 2018 to April 2019. Cases of autism were recruited
from Outpatient Department of Psychiatry (OPD). This study was
approved by Institutional Review Board Research Ethics Committee
of IGIMS, Patna letter no 417/IEC/2018/IGIMS. It has been
performed in accordance with the ethical standards laid down in
the 1964 Declaration of Helsinki.

A series of interview was conducted and autism was diagnosed
by a psychiatrist by gathering information of history, clinical feature,
observation and CARS checklist [17]. Fifty patients of autism were
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diagnosed according to criteria laid in Diagnostic and Statistical
Manual of mental disorder (DSM) fourth edition [18]. Severity of
autism was assessed by CARS checklist score. Written informed
consent was taken from parents of participants.

Inclusion criteria: Patients aged 2-18 years, diagnosed case of autism,
patient not receiving iron supplementation, patient not having any acute
or chronic infection.

Exclusion criteria: Patients having any acute and chronic infection
was excluded from study because ferritin is an inflammatory marker.
Patient on iron supplementation, patient with hypoproteniemia and
cancer were also excluded from the sudy.

Control group included 50 children, who referred to the Department
for Counseling about child development, school adjustment and
performance, teenage problems, family and friend relations, were
recruited. They have no ASD according to DSM IV criteria. Age of the
control subjects was between 2-18 years. They were selected after
matching for the age with the cases to give a good representative
sample of the population studied.

Childhood Autism Rating Scale (CARS) Checklist

This scale access behaviour in 14 domains that are generally applied in
autism along with one general category with aim of identifying children
with other developmental disorder. All items contribute equally to total
score. Each item is scored between | to 4. A score below 30 classify
children as normal. A score above 30 classifies autism. Autism is
further classified into mild-moderate autism and severe autism with
CAR score 30 to 36.5 and 37 and above, respectively [19].

Laboratory Measurement
Five mL blood was collected and sent to laboratory for analysing
serum ferritin iron, TIBC and haemoglobin level.

Serum Iron and TIBC

Serum Iron was done by TPTZ (2,4,6-Tri-(2-pyridyl)-5-triazine) method
[20] and TIBC was done by Nitroso-PSAP [21] method by AU5800.
Reference range for iron was 0-4-month 110-270 ug/dL, 5-30 month
30-70 pg/dL, 24 month - 35-month 20-124 pg/dL, 3 to 11 year 53-
119 pg/dL. Reference range for TIBC was 0-11 month 100-400 pg/dL,
12 month and older 250 -425 pg/dL [22].

Serum Ferritin

Serum ferritin lacks a uniform reference range in the literature. Because
of variability in cut points for low values, a cut-off of <12 ug/L was used
as suggested by the World Health Organisation (WHO) [23]. Serum
ferritin was done by CLIA method by Beckman Coulter Access 2 [24].

Haemoglobin
Haemoglobin was done by Drabkins method [25].

Determination of Iron Deficiency (ID) and Iron Deficiency
Anaemia (IDA)

Serum ferritin level is taken as an indicator of ID, because serum
ferritin level reliably shows iron levels in body tissues including brain
and is also an early precursor of ID. Ferritin cut off was <10 ng/mL for
preschool children and <12 ng/mL for school-aged children to evaluate
ID [26]. Anaemia was defined when serum ferritin was <12 ng/dL
and level of haemoglobin was <11.0 g/dL for preschool children and
<12.0 g/dL for school-aged children and adult [2].

STATISTICAL ANALYSIS

Data are expressed as arithmetic mean, and Standard Deviation
(SD) unless otherwise stated. Student’s t-test was used to ascertain
the significance of differences between mean values of two
continuous variables. Chi-square tests were performed to test for
differences in proportions of categorical variables between two or
more groups. One-way Analysis of Variance (ANOVA) was used
when a categorical independent variable with two or more groups
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and a normally distributed interval dependent variable has to be to
test for differences in the means of the dependent variable. The level
p<0.05 was considered as the value for significance. Data were
analysed by using Statistical Package for Social Sciences (SPSS)
version 16.0.

RESULTS

In present study, total 100 participants were recruited out of which 50
patients of autism were taken as cases and 50 healthy participants
were designated as control. Mean age of autistic verses control
children were 8.51+4.72 year verses 10.27+4.11 years. Among
cases, 43 (86%) were males and 7 (14%) were females. In control,
42 (84%) were males and 8 (16%) were females. Seventeen (34%)
patients out of 50 have severe autism with CARS score more than
36.5 while 33 (66%) patients out of 50, have mild-moderate autism
with CARS score between 30-36.5.

Baseline chemistry biomarker of autistic and control group was
as follows: mean value of serum ferritin in autistic children was
30.89+15.79 pg/L and was significantly much lower than in
control group 82.4+18.3 pg/L (p<0.001). Level of iron was also
significantly lower in autistic group as compared to control group
61.54+19.95 verses 89.31+16.71 pg/dL (p<0.001), similarly study
revealed that mean haemoglobin concentration was lowered in
autistic group but difference is not significant (p-value=0.511) with
control group. Mean TIBC is significantly high in autistic group
[Table/Fig-1].

Parameters Cases Control p-value
Serum ferritin (ug/L) 30.89+15.79 82.4+18.35 0.001
Serum iron (ug/dL) 61.54+19.95 89.31+16.71 0.001
Serum TIBC (ug/dL) 433.58+77.09 344.86+39.15 0.001
Haemoglobin (g/dL) 10.34+1.18 12.05+1.15 0.511

[Table/Fig-1]: Level of Iron Deficiency (ID) parameters in case and control.

p-value was calculated using independent sample t-test; p-value less than 0.05 was considered
statistically significant

The relative risk of IDA in autistic cases as compared to control was
1.70 and there was significant difference between groups. Whereas,
relative risk of ID was 1.74 in case of autism [Table/Fig-2].

Parameters Cases Control RR p-value
Iron deficiency anaemia 13 4 1.70 0.004
Iron deficiency 19 7 1.74 0.001

[Table/Fig-2]: Relative risk of Iron Deficiency (ID) and Iron Deficiency Anaemia

(IDA) in case and control.
RR: Relative risk, Chi-square test was used, p-value <0.05 considered significant

Comparison of serum ferritin, iron, TIBC, and haemoglobin among
three groups i.e., severe autism, mild-moderate autism and control
group demonstrated that ferritin, iron, TIBC and haemoglobin level
were different between three groups. Analysis indicated that mean
level of ferritin in severe autism group is lowest as compared to mild-
moderate and control group (p<0.001). The result also showed that
mean level of iron and haemoglobin is also lowest in severe autism
group [Table/Fig-3].

Box plot illustrating distribution of ferritin in three different groups.
Median of ferritin in control group is highest followed by mild-
moderate and severe ASD showing difference in these groups.
There were two outliers in severe ASD and one outlier in mild-
moderate ASD [Table/Fig-4].

Box plot showing distribution of iron level in control, severe ASD and
mild-moderate ASD group. Median is highest in control group as
compared to mild-moderate and severe ASD group [Table/Fig-5].
Box plot illustrating the distribution of TIBC in three different groups.
Here comparison of median also showed difference in all the three
groups [Table/Fig-6].
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Parameter Group Mean SD F p-value

Severe ASD 23.07 | 16.64

Ferritin Mild-Moderate ASD 34.91 13.93 | 121.628 0.001
Control 82.47 | 18.35
Severe ASD 52.04 | 20.27

Iron Mild-Moderate ASD 66.44 | 18.21 33.924 0.001
Control 89.31 | 16.71
Severe ASD 484.71 | 79.67

TIBC Mild-Moderate ASD 407.24 | 61.86 | 42.833 0.001
Control 344.86 | 39.15
Severe ASD 10.17 1.24

Haemoglobin Mild-Moderate ASD 10.42 1.18 26.853 0.001
Control 12.08 1.67

[Table/Fig-3]: Comparison of Iron Deficiency (ID) parameters (Ferritin, Iron, TIBC

and Haemoglobin) in severe autism, mild-moderate autism and control group.
p-value was calculated using ANOVA; p-value <0.05 was considered statistically significant
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[Table/Fig-4]: Distribution of ferritin in severe, mild-moderate, control group.
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[Table/Fig-5]: Distribution of serum iron level in different groups.

DISCUSSION

Level of mean serum ferritin in present study was significantly lower in
autistic cases as compared to control. This finding was supported by
some previous study from South Wells, Turkey, Canada that reported
higher rate of ferritin deficiency in autistic children then in normal
population. Pakyurek M et al., found decreased level of serum ferritin
in autistic children in California [26]. Bener A et al., found very low
serum ferritin in ASD 35.7+5.12 ng/mL verses 38.49+5.73 ng/mL
in control patient in Turky [27]. Bilgi¢ A et al., also demonstrated low
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[Table/Fig-6]: Distribution of serum TIBC level in different groups

serum ferritin in autistic patient in Turkish population [28]. Dosman
CF et al., reported baseline ferritin level 15.72 g/l (4.2-39.0 pg/L) in
cases of autism [29], which was increased to 28.8 pg/L (6.6- 103 ug/L)
after iron supplementation in Toranto, Canada. Latif A et al., in South
Wells, found high prevalence of ferritin and ID 52% in children with
autism [30]. Herguner S et al., significantly low level of ferritin iron
haemoglobin in children suffering from autism. He also found positive
correlation between age and ferritin deficiency [2]. Bener A et al., also
reported very low level of ferritin (36.75+5.12 ng/dL vs 38.49+5.73 ng/
mL) in autistic children as compared to control in population of Qutar
[31]. Chen MH et al., in Taiwan and Deth R et al., in Boston, USA also
reported low level of ferritin in autistic children [32,33].

Prevalence of ID and IDA in this study was 38% and 26% respectively
in patients of autism. Several studies reported association of ID and
IDA with autism [27,34,35]. Herguner S et al., declared that ID was
more common in preschool children with autism [2]. In this study,
24.1% of autistic children had ID and 15.5% had IDA. Bilgi¢c A et al.,
reported that the prevalence of ID in autistic children under 6 years
was higher than autistic children over 6 years and ID was found in
32% of preschool autistic children [28]. In a study in South Wells
investigating iron levels in autism patients between 19 months and
13 years, ID was seen in 52% of children with autism. He also found
52% children with ASD iron deficient compared with 13.6% with
asperger syndrome [30].

The present study found low mean value for serum iron also which
was in parallel with some previous studies. Bener A et al., in his
study in Qatar found mean values of serum iron in autistic children
was significantly much lower than the normal value in the control
children [31]. Studies by Herguner S et al., and Bilgic A et al., also
found low mean level of iron in children suffered with autism in
Turkeish population [2,28]. In ASD it has been seen that children
have limited preference to food and the develop picky eating habit
and very resistant to eat. This supports decrease level of mean
iron in this group [34]. As gastrointestinal symptoms are frequent
in children with autism [36], impaired absorption might be another
possible cause of ID. However, Dosman CF et al., reported that
ferritin and iron levels increased after iron supplementation which
excludes the probability of malabsorption [29].

As iron has very important role in cognitive, motor sensory, social
and emotional development. It functions is very important in
development of central nervous system because enzyme and protein
used in this process requires iron. Iron also plays an important part of
serotonergic, dopaminergic pathways and in myelination of neurons
[28]. In addition, a genetic predisposition to ID in ASD has also
been proposed [13]. So, ID increases the risk of psychiatric disorder
including mood disorder, ASD and attention deficit hyperkinetic
disorder [30].
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In this present study, level of iron, ferritin and haemoglobin was
lowest in severe autism. Finding of this study was parallel with a
study conducted by Gunes S et al., who reported low ferritin and
iron in severe anaemia compared to mild-moderate anaemia [37].
The present study showed that there is an association between
ASD with ID and IDA. decreased levels of serum ferritin, in children
with ASD might be a sign of ID and it may be a cause of IDA.

Limitation(s)

First limitation was low sample size hence generalisation of result on
population was not possible. Second was authors did not conduct
a food survey to record diet of autistic children as most common
cause of ID is inadequate diet intake.

CONCLUSION(S)

Low level of serum ferritin and high prevalence of IDA in autistic
disorder suggests possible deficiency of iron in causation of autism.
Significantly lower level of iron and ferritin in severe autism shows
some link between iron level and severity of symptoms of ASD. This
finding suggests that iron and ferritin level should be monitored in
patients of autism as baseline investigation and can be used as a
screening marker to ameliorate severe symptoms in patients of autism.
However, extensive studies should be done with randomised control
trial to prove serum ferritin and iron as an interventional factor.
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