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Abstract

Background and objective: Western studies have linked autism with nutritional deficiencies,
particularly those of iron and folate, while such studies are scarce from developing countries. We
aimed to assess such deficiencies and their associated hematological abnormalities among Iraqi
autistic children.

Methods: In this cross-sectional study 100 diagnosed autistic children, visiting the mental health
center in Duhok, Iraq in the period (December 2022-June 2023) were recruited. The records of
these patients were reviewed and they had blood counts, serum iron, total iron binding capacity,
transferrin saturation, ferritin and folate assayed. Patients were labelled as iron deficient if they
had serum ferritin<30 ug/L, and/or transferrin saturation<16%. They were further categorized as
anemic or non-anemic based on their hemoglobin levels.

Results: Patients had a median age of 7 years (range 4-13), included 75% males, and 17% with
severe autism. Iron deficiency anemia was documented in 1%, while non-anemic iron deficiency
in 41%. Serum ferritin, transferrin saturation, and folate were significantly lower in severe cases
(P<0.001, 0.007 and 0.035 respectively). Iron deficiency was significantly more frequent in the
severe cases (P<0.001), and among preschool children (P=0.009).

Conclusion: Iron deficiency was frequently observed among autistic children, although it was
latent in the large majority. Furthermore, iron deficiency and low serum folate were associated
with more severe disease.
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Introduction
Autism spectrum disorder (ASD) is a group
of neurodevelopmental disorders

characterized by deficits in  three
developmental areas namely: social
interaction, communication and restrictive
and repetitive behaviors. The expression of
these deficits varies in scope and severity.
Autistic symptoms appear in childhood and
negatively affect social, occupational, or
other domains, and constitute a large burden
on patients, their families and society.! The
estimated global prevalence of autism is
about 1:100, though this varies remarkably
within and across sociodemographic groups,
but it is believed to be increasing with time as
public awareness increases among various
communities.? The etiopathogenesis of ASD
is still unknown, though it is proposed that a
combination of genetic and environmental
factors may be at play.® Several prenatal and
postnatal risk factors have been linked to the
development of autism. The prenatal factors
include maternal infections, advanced
paternal age, male fetus, obstetric
complications, and stressful pregnancy, while
the post-natal factors include nutritional
deficiencies, and metabolic imbalances.*
There is increasing evidence of important
roles of environmental factors in the etiology
of ASD, particularly nutritional deficiencies
like those of iron and folate. Iron plays an
important role in cognitive, behavioral, and
motor development. Reduced iron in the
brain may be accompanied by changes in
dopaminergic, and serotonergic systems as
well as myelination, and thus iron deficiency
would affect learning, attention, memory, and
psychomotor functions.>® Folic acid on the
other hand, is crucial for proper brain
functioning and plays an important role in
mental and emotional health. Folic acid is
essential for nucleic acid synthesis and to
methylation of monoamines in many
biosynthetic pathways.” Several investigators
have found a beneficial effect of the folic

supplementation during pregnancy on the
risk of ASD, while others suggested that in
diagnosed ASD it may lead to behavioral and
neurological improvements, which suggests a
potential role of folic deficiency as a risk
factor or aggravator of ASD .® Studies on
autistic children from developing countries
including Iraq, are scarce. In the current study
we aimed to investigate the hematological
findings in autistic patients attending a main
public Mental Health Center in Duhok, assess
their iron and folate status, and determine
whether any abnormalities in these
parameters are associated with autism, age
group or disease severity.

Patients and methods

This is cross-sectional study carried out in
Kurdistan region of Iraq at the Duhok
children and adolescent mental health center
in the period between December 2022 and
June 2023.A total of 100 patients of autism
diagnosed according to criteria laid by
Diagnostic and Statistical Manual of mental
disorder (V) were enrolled. ° The diagnosis
and assessment of severity was performed by
a team of two experienced psychiatrists
recruited by the center. The severity was
assessed by Indian scale for assessment of
autism (ISAA).' At the time of enrollment,
the records of each patient, demographic
data, history of any medications, and any
concomitant medical illness were recorded.
For inclusion, patients had to be 4 years or
older; while those having apparent acute or
chronic infections, or were on iron or folate
therapies at the time were excluded. Each
patient was investigated by full blood count
using a hematology autoanalyzer (Swelab,
Sweden), and had their serum iron, total iron
binding capacity, and serum ferritin assayed
using a Cobas c311 Analyzer (Roche,
Germany). Transferrin saturation was
calculated by dividing serum iron by total
iron binding capacity multiplied by 100. For
the purposes of this study the patient was
considered iron deficient if they had a serum
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ferritin <30 ug/L, and/or a transferrin
saturation (TS) < 16%.!!12 The patients were
further categorized as iron deficiency anemia
(IDA), if they had hemoglobin < 11 g/dl for
preschool children or <12.0 for school
children, while they were considered non-
anemic Iron deficiency (NAID) if their
hemoglobin concentration were above the
latter limits.!® The study was approved by the
Kurdistan Higher Council of Medical
Specialties and informed consents were
obtained from the guardians of the enrollees.
Statistical analysis was performed using an
SPSS software (IBM corp., SPSS v22, USA).
A chi square test was used to assess
categorical variables while a student t-test
was used for comparing continuous variable
between groups. P value of < 0.05 was
considered significant.

Results

The 100 enrolled ASD patients had a median
age of 7 years, range (4-13 years), and
consisted of 75 males and 25 females. They
included 31 preschool (<6 years) and 69 and
school-aged children (> 6 years). When
patients were classified according to ISAA
ASD severity scoring system, it was found
that the majority were mild (57%), while 26%
were moderate and 17% were severe ASD.
Table (1) outlines the main hematological
parameters among the enrolled patients.
Serum ferritin was less than 30 ug/dl and/or
transferrin saturation < 16% in a total of 42
patients, who were labeled as the Iron
deficient group (ID). The latter group was
further categorized based on presence of
absence of anemia in association with iron
deficiency into non-anemic iron deficiency
(NAID) in 41 patients, and iron deficiency
anemia in one patient (IDA) (8-year-old boy
with hemoglobin of 10.8 g/dl, S. ferritin of
13.7 ug/L, and TS of 12%). Two patients
were found to be folate deficient (S. Folate <
3.8 ng/ml). One of the latter patients was in
the ID category, while the other was iron

replete, but neither patient had anemia (for
age), Figure (1).

m IDA
= NAID

HIR

Figure (1): Pie chart showing the relative
distribution of iron deficiency anemia
(IDA), Non-anemic iron deficiency (NAID)
and Iron replete (IR) status among 100
autistic children recruited.

Table (1): The main hematological
parameters in 100 ASD patients

Parameter (unit) Mean (SD)
Hemoglobin level (gm /dl) 12.84 (1.35)
MCV (fL) 78.6 (5.47)
MCH (pg) 26.01 (2.05)
RDW (%) 12.52 (1.38)
S. Ferritin (ug/L) 44.72 (35.27)
S. Iron (ug/dL) 84.4 (46.59)
Total Iron Binding capacity | 348.22
(ug/dl) (69.76)
Transferrin saturation (%) 24.3 (10.66)
S. Folate (ng/ml) 12.0 (4.22)

Table (2) outlines the mean hematological
parameters (SD) as they relate to disease
severity, and it shows that while there were
no significant differences in hemoglobin or
RDW between severe and mild-moderate
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cases, S. ferritin, folate and TS were
significantly lower in severe versus mild-
moderate cases (P=0.007, <0.001 and 0.035

respectively)

Table (2): The mean (SD) of some
hematological parameters in ASD enrolled
patients, categorized according to severity.

ASD Mean (SD) P value
Severity Mild/Moderate | Severe

Hemoglobin | 12.89(1.66) 12.78(1.34) | 0.846
gm/dl

RDW (%) 12.45(1.37) 12.85(1.43) | 0.274
Transferrin | 25.61 (10.72) 18.08(8.05) | 0.007

Saturation

(%)

S. Ferritin | 49.50(36.68)
(ug/L)

21.43(10.39) | <0.001

Folate 12.39(4.12)
(ng/ml)

10.02(4.3) | 0.035

When the 42 Iron deficient and 58 iron
replete ASD patients were categorized
according to their disease severity, it was
noted that iron deficient cases segregate
mostly to the severe category, with 16 out of
17 (94.1%) of the severe cases being iron
deficient, while the respective figures for
mild/moderate severity were 26 out of 83
(31.3%). This distribution was highly
significant with the chance of iron deficiency
occurring in the severe category being 35.1
folds (95% CI 4.4-278) higher than the mild/
moderate category (P<0.001).When patients
were categorized as preschool or school-
aged, it was found that 19/31 (61.3%)
preschool children were iron deficient,
compared to 23/69 (33.3%) of school
children, a distribution which was highly
significant (OR 1.84 [CI 1.20-2.84];
P=0.009). While there was no significant
difference in the distribution of ASD patients
according to severity between preschool and
school-aged children (P=0.674).

Discussion

This study is the first study to evaluate the
hematological changes in children with ASD
in Iraqg. The most frequently reported

hematological disorder associated with ASD
worldwide is iron deficiency. '* However, the
prevalence of iron deficiency in ASD varies
in different studies and in different
populations. In Turkish ASD children, it was
documented that 6.5%-15.5% had IDA, while
NAID was noted in 24.1%-32.3%.'315 Al-Ali
et al identified IDA in 13.3%, and NAID in
6.7% of their Palestinian ASD children, while
Gunes et al found IDA in 13% and NAID in
25% of their Italian patients. '%!” Higher rates
of IDA and NAID were reported among
Indian ASD patients at 26% and 38%
respectively. Lower rates were reported from
USA and Australia, with Reynolds et al
reporting IDA in 0.5% and NAID in 8% of
their USA patients,'® while Sidrak et al
reported respective rates of 3% and 10.5%
among Australian patients.!® The frequencies
of IDA and NAID in the current study from
Iraq were 1% and 41% respectively. Such
variation is at least partly relevant to the
definition of iron deficiency, so that while
some studies define ID by serum ferritin,
others also use S. iron and TS. Moreover, the
cut-off points of serum ferritin used vary,
with many of the studies using a cut-offs of
<10-12 ug/L or < 15 ug/L.132022 In the
current study we used the cut-off point of <30
ug/dl which was reported to be the most
sensitive and specific for ID, whether anemia
was present or not, and it was strongly
associated with absent body iron stores.!!??
Furthermore, the reliance on S. ferritin as the
sole parameter to define iron deficiency has
its limitations, since serum ferritin is an acute
phase reactant, and to overcome this
limitation we included TS as another defining
parameter, since TS < 16% is considered as
an indicator of inadequate iron supply for
erythropoiesis.!> The inclusion of the latter
parameter would cover for any unrecognized
inflammatory/infective process at the time of
enrollment, which would limit the validity of
S. ferritin.?> However, it is noteworthy that
the frequency of iron deficiency (1%) in our
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cohort is lower than most studies worldwide,
which may be related to the fact that ASD
patients visiting the mental health center in
Duhok are a closely monitored group, whose
regular monthly attendance is a prerequisite
for receiving social security benefits, and
thus patients are regularly assessed, and if
anemia is discovered, it is promptly
investigated and treated. This explains why
almost all cases of iron deficiency identified
in the current study were latent or non-
anemic iron deficiency, whose relative high
frequency in the current study is likely to be
due to higher ferritin cut-off point and the
inclusion of TS as an additional indicator for
ID. In the current study, it was found that ID
was much more frequent among preschool
children at 61.3% compared to school
children at 33.3%. This is similar to the
observations on Turkish and British autistic
children where ID was higher among
preschool compared to school children. 31522
This may be explainable by the more
restrictive diet in younger Preschool
children.'? The lower intake of iron in diet in
preschool autistic children and its increase
with increasing age has been documented by
some observers.>* However, and contrary to
our observations and the earlier reports, other
investigators found that ID was either less
frequent or not different between preschool
and older Canadian or Italian autistic
children.!”?® The current study also
documented that the frequency of Iron
deficiency increases significantly with
increasing severity of ASD. Such observation
is shared by Gunes et al who found higher
proportion of IDA in patients with severe
versus mild-moderate ASD.!” Moreover,
Dosman et al documented that lower ferritin
is associated ~ with  more severe
communication impairment in ASD.?
Likewise, Parakash et al documented that
severe ASD was more likely to be associated
with ID, and severe ASD was associated with
lower ferritin, hemoglobin and iron than

mild-moderate Indian ASD patients.?’ This is
in contrast to observations of Belgic, who
argued against a link between severity and
low serum ferritin in Turkish autistic
children.!> The association of iron deficiency
with autism and its severity in the current
study and in several earlier studies in
intriguing. One possibility that has been
floated over the years, is that a common
genetic mechanism for both autism and iron
deficiency may be the culprit. A recent
mendelian randomized study revealed that
genetically predicated serum transferrin
levels might be causally associated with the
risk of autism, suggesting a potential role of
iron deficiency in autism development.?
Another possibility is related to the fact that
iron plays a key role in the dopaminergic,
serotonergic CNS  pathways, and in
myelination of neurons, and that these
pathways are involved in autism, and iron
deficiency affects these pathways.?’” This
concept is supported by the observation that
more severe ASD is more likely to be
associated with iron deficiency as reported by
the current study and by others.!72%25_ Some
other investigators suggested that
malabsorption of iron may be the culprit of
ID in autism, but this suggestion has been
disputed by the fact that iron therapy would
correct iron studies in ID autistic children.?
Although several or any of the above
possibilities may offer an explanation for the
association of ID and autism, a more popular
plausible explanation is the reduced dietary
iron intake, since children with autism often
have very restrictive dietary habits. Such
highly selective dietary habits are more likely
to be encountered in younger than older
children.?® The latter is consistent with our
own observations where preschool children
were more likely to be ID than older ones.
Furthermore, the adequacy and variety of diet
may be more compromised in more severe
disease, and this is again consistent with our
own observations and those of others.!7-20:23
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Though some observers dispute the concept
that dietary inadequacy as the culprit, at least
in American autistic children.!® In this study,
we found folate deficiency in two patients,
neither of whom were anemic, while we
found that the mean folate levels were
significantly lower in severe versus mild-
moderate autism. The latter observation may
be related to the more restrictive dietary
habits among the more severe ASD patients.
These observations are consistent with
previous studies which showed a negative
correlation between serum folate and ASD
severity.”> ASD has been linked to
abnormalities in folate metabolism, and
polymorphisms in folate genes may be
implicated in increasing the risk of
developing ASD. Furthermore, it was found
that a significant proportion of ASD patients
have cerebral folate deficiency syndrome
mostly due to autoantibodies blocking folate
transport into the brain.3° Furthermore, folate
deficiency has been linked to cognitive
impairment.>' The limitations of the current
study include the fact that it is a cross-
sectional study and not a case control study,
and our justification is that the cohort
recruited is a high monitored and investigated
group, which makes finding a matching
control quite difficult. Another limitation is
that the study did not include a food survey of
the recruited patients, to check for any dietary
restrictive practices.

Conclusions:

ASD children had a high prevalence of iron
deficiency, although it was latent in the large
majority. Furthermore, it was documented
that iron deficiency and serum folate levels
were significantly associated with disease
severity. Due to their crucial roles in various
brain metabolic pathways, it may be prudent
that Iraqi ASD patients be routinely assessed
for their iron and folate status, and that future
studies addressing the impact of iron and/or
folate supplementation on various aspects of
ASD be initiated, particularly in deficient

cases. Future studies directed at assessing the
impact of iron and/or folate supplementation
on various clinical findings in Iraqi autistic
children may be warranted, particularly in
deficient cases.

Conflict of interest:
None

References:

Hodges H, Fealko C, Soares N. Autism
spectrum disorder: definition, epidemiology,
causes, and clinical evaluation. Transl
Pediatr. 2020; 9(Suppl 1): S55-S65.

Zeidan J, Fombonne E, Scorah J, Ibrahim A,
Durkin MS, Saxena S, et al. Global
prevalence of autism: A systematic review
update. Autism Res. 2022; 15(5): 778-790.
Hallmayer J, Cleveland S, Torres A, Phillips
J, Cohen B, Torigoe T, et al. Genetic
heritability and shared environmental factors
among twin pairs with autism. Arch Gen
Psychiatry 2011; 68(11): 1095-1102.
Gardener H, Spiegelman D, Buka SL.
Prenatal  risk  factors for  autism:
comprehensive  meta-analysis. Br ]
Psychiatry. 2009; 195(1): 7-14.

McCann S, Perapoch Amadé M, Moore SE.
The Role of Iron in Brain Development: A
Systematic Review. Nutrients. 2020; 12(7):
2001.

Walter T, De Andraca I, Chadud P, Perales
CG. Iron deficiency anemia: adverse effects
on infant psychomotor development.
Pediatrics 1989; 84(1): 7-17.

LiQ, Yang T, Chen L, Dai Y, Wu LJ, Jia FY,
et al. Serum folate status is primarily
associated with neurodevelopment in
children with autism spectrum disorders aged
three and under-a multi-center study in
China. Front Nutr. 2021; 8: 661223.

Hoxha B, Hoxha M, Domi E, Gervasoni J,
Persichilli S, Malaj V, et al. Folic Acid and
Autism: A Systematic Review of the Current
State of Knowledge. Cells. 2021 Aug 3;
10(8): 1976.

https://doi.org/10.56056/am;.2025.351

131
https://amj.khems.edu.krd




10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Evaluation of Hematological Parameters Among Children with Autism in Duhok City....

American Psychiatric
Association. Diagnostic  and  statistical
manual of mental disorders (5th Ed, Text
revision) (DSM-5-TR). Washington, DC.
American Psychiatric Association
Publishing., 2022.

Russell PS, Daniel A, Russell S, Mammen P,
Abel JS, Raj LE, et al. Diagnostic accuracy,
reliability and validity of Childhood Autism
Rating Scale in India. World J Pediatr 2010;
6: 141-147.

Soppi ET. Iron deficiency without anemia - a
clinical challenge. Clin Case Rep.
2018;6(6):1082-1086.

Bain BJ, Bates I, Laffan MA. Dacie and
Lewis Practical Haematology, 12" Ed,
London, Churchill Livingston, 2017.
Hergiiner S, Kelesoglu FM, Tanidir C, Coplir
M. Ferritin and iron levels in children with
autistic ~ disorder.  Eur J  Pediatr.
2012;171(1):143-146.

McWilliams S, Singh I, Leung W, Stockler S,
Ipsiroglu OS. Iron deficiency and common
neurodevelopmental disorders-A  scoping
review. PLoS One. 2022; 17(9): €0273819.
Bilgi¢ A, Giirkan K, Tiirkoglu S, Akca OF.
Iron deficiency in preschool children with
autistic spectrum disorders. Res Autism
Spectr Disord. 2010; 4: 639-644.

Al-Ali SJ, Russo S, Alkaissi A. Association
between autism spectrum disorder and iron
deficiency in children diagnosed autism
spectrum disorder in the Northern West
Bank. JHMN. 2015; 16: 1-10.

Gunes S, Ekinci O, Celik T. Iron deficiency
parameters in autism spectrum disorder:
clinical correlates and associated factors. Ital
J Pediatr. 2017; 43(1): 86.

Reynolds A, Krebs NF, Stewart PA, Austin
H, Johnson SL, Withrow N, et al. Iron status
in children with autism spectrum disorder.
Pediatrics. 2012;130 (Suppl 2): S154-9.
Sidrak S, Yoong T, Woolfenden S. Iron
deficiency in children with  global
developmental delay and autism spectrum

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

disorder. J Paediatr Child Health. 2014;
50(5): 356-361.

Dosman CF, Drmic IE, Brian JA, Ferritin as
an indicator of suspected iron deficiency in
children with autism spectrum disorders:
prevalence of low serum  ferritin
concentration. Developmental Med Child
Neurol. 2006; 48: 1006-1011.

Latif A, Heinz P, Cook R. Iron deficiency in
autism and Asperger syndrome. Autism.
2002;6(1):103-114.

Rutter Z, Lee-kelland R. Prevalence of iron
deficiency anaemia in children undergoing
autism assessment. Arch Dis Child. 2022;
107: A69-A70.

Dignass A, Farrag K, Stein J. Limitations of
Serum Ferritin in Diagnosing Iron Deficiency
in Inflammatory Conditions. Int J Chronic
Dis. 2018; 2018: 9394060.

Xia W, Zhou Y, Sun C, Wang J, Wu L. A
preliminary study on nutritional status and
intake in Chinese children with autism. Eur J
Pediatr 2010; 169, 1201-1206.

Prakash P, Kumari R, Sinha N, Kumar S,
Sinha P. Evaluation of Iron Status in Children
with Autism Spectral Disorder: A Case-
control Study.J Clin of Diagn Res.
2021; 15(7): BCO1- BCO04.

Chen L, Guo X, Hou C, Tang P, Zhang X,
Chong L, et al. The causal relation between
iron status and the risk of autism: A
Mendelian randomization study. Front Nutr
2022; 9: 957600.

Beard JL, Connor JR. Iron status and neural
functioning. Annu Rev Nutr.2003; 23: 41-58.
Dosman CF, Brian JA, Drmic IE,
Senthilselvan A, Harford MM, Smith RW, et
al. Children with autism: effect of iron
supplementation on sleep and ferritin. Pediatr
Neurol 2007; 36(3): 152-158.

LiB, XuY, Pang D, Zhao Q, Zhang L, Li M,
et al. Interrelation between homocysteine
metabolism and the development of autism
spectrum disorder in children. Front. Mol.
Neurosci. 2022; 15: 947513.

https://doi.org/10.56056/am;.2025.351

132
https://amj.khems.edu.krd




30.

31.

Evaluation of Hematological Parameters Among Children with Autism in Duhok City....

Rossignol DA, Frye RE. Cerebral folate
deficiency, folate receptor alpha
autoantibodies and leucovorin (folinic acid)
treatment in autism spectrum disorders: a
systemic review and meta-analysis. J
Personal Med 2021; 11(11): 1141.

Hama Y, Hamano T, Shirafuji N, Hayashi K,
Ueno A, Enomoto S, et al. Influences of
folate supplementation on homocysteine and
cognition in patients with folate deficiency
and cognitive impairment. Nutrients. 2020;
12(10): 3138.

https://doi.org/10.56056/am;.2025.351

https://amj.khems.edu.krd

133




