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Abstract

Background: Iron has an important role in cognitive, behavioral, and
motor development. A high prevalence of iron deficiency (ID) has been
reported in people with autism. Children with autism are at risk for ID and
this condition may increase the severity of psychomotor and behavioral

problems, some of which already inherently exist in these children.

Aim: The aim of this study is to investigate the association between autism
and iron deficiency in autistic children in the northern West Bank and to
identify food selectivity and compare indices of food selectivity among
children with autism, children with mental disorders and typically

developing children (normal children).

Participant and Methods: 90 children with an age range of 3 to 13 years
participated in a case control study distributed into study group and two
control groups. Thirty children diagnosed with autism according to DSM-
IV and ICD-10criteria served as a study group, 30 children with mental
disorders other than autism served as a control group, and 30 typically
developing children taken from the public functioned as a second control

group. The three groups were matched for age, gender and geographical
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area. Serum ferritin, hemoglobin, hematocrit, mean corpuscular volume,
and red cell distribution width values were measured and analyzed with

food habit survey and demographic data.

Results: ID was detected in 20% (N = 6/30) of autistic children based on
Serum ferritin level (SF< 10W/1), compared with 0% for the two control
groups (p=0.0001). Anemia was defined as hemoglobin <110g/l for
children under the age of 6 years and hemoglobin <120g/l for children
between 6 and 13 years of age .When analysis done for HGB to these six
children (children who have low serum ferritin); it was found that 66.6%
(4/6) of the children two were pre-school male children (HGB is less than
110g/1), and the other two were one male and one female of school
children (HGB is less than 120g/l) have iron deficiency anemia, and the
iron deficiency anemia was 13.3% (4\30) for all autistic group. The results
indicated that these differences were for males. It was found also that the
frequency of low iron intake in these children was associated with feeding
difficulties and food selectivity; there was a significant difference between
children in the autistic group who chose foods with a red color as a favorite
23% (7/30) compared to the other two control groups: 0%, respectively (p=
0.0001). The results demonstrated also a significant difference in the
frequency of snacks per day (= 4) in autistic children 40% (12/30)
compared to both mental disorder 16.7 % (n = 5/30) (p = 0.006) and

typically developing children 6.7% (n = 2/30) groups (p = 0.001).
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Conclusion: Results of this study indicated that there is an association
between autism, iron deficiency and anemia. Low levels of serum ferritin in
autistic children might be a sign of iron deficiency and an early precursor
of iron deficiency anemia. These findings suggest that food selectivity is
more common in children with autism than in typically developing
children. These findings suggest that ferritin levels should be measured in

children with autism as a part of routine investigation.

Keywords: Child, Autism, Mental disorder, typically developing children,

Iron deficiency, Iron deficiency anemia, Ferritin.
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Introduction



2
The number of children known to have autism has increased dramatically
since the 1980’s (Newschaffer, 2007). The reviews of epidemiology in
estimating the global prevalence is that one to two cases of autism exist per
2,000 people, and about six per 1,000 people have Autistic Spectrum
Disorders (ASD) (Newschaffer, 2007). ASD averages a 4.3:1 male to
female ratio (Newschaffer, 2007). In Palestine there is no epidemiological

data collected for autism at a national level.

The diagnostic criteria for autism are identified in ICD-10 (World Health
Organization, 1993) and in DSM-IV (American Psychiatric Association,
1994). Autism is accompanied by mental retardation in three out of four
patients. The underlying etiology of autism it is not known clearly
however, it is suggested that autism most likely results from the interaction
of multiple genetic and environmental factors (Steyaert & De la Marche,

2008).

Autism is a neurodevelopment disorder characterized by qualitative
impairments in  social interaction, and verbal and non-verbal
communication, along with restricted, stereotyped interests and behaviors
(APA, 1994). Autism is a severe, life-long developmental disorder that
compromises functioning across multiple domains including social
behavior, language,  sensory  function, and ritualistic/repetitive
behaviors and interests. While the etiology of autism is complex and
not fully understood, strong evidence from twin and family studies suggests

a large genetic contribution (Freitag, 2007; Gupta & State, 2007).
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Iron deficiency (ID) is the most common and persevering nutritional
disorder and continues to be an important public health problem worldwide
(WHO, 2007). Specifically in children in the first years of life, hemoglobin
(HGB) levels below 11 g/dL have been related to negative cognitive, social,
and emotional effects that may lead to irreversible behavioral squeals, even

after appropriate treatment (Carter, 2010; Lozoff, 2007).

There is considerable evidence about the important role of iron in
cognitive, behavioral, and motor development (Beard, 2001). It is a
component of many enzymes involved in neurotransmitter synthesis, and in
iron deficiency, due to decreased activity of associated enzymes,
monoamine neurotransmitter systems may be affected (McCann & Ames
2007). A decrease in brain iron concentration is accompanied by changes in
serotonergic and dopaminergic systems, in cortical fiber conduction, and

myelogenesis (Erikson et al., 2001).

Intellectual impairment in children with autism seems to be related not to
anemia itself but to the decrease in iron storage mainly in the central
nervous system. This is probably due to the role of iron in intra neural
enzymatic activity and in neurotransmitter packaging, reuptake and
degradation, as well as in the relationship between iron and D2 dopamine

receptors (Nelson et al., 1997; Youdim et al., 1983).

Iron was also found to have a role in myelogenesis and cortical fiber
conduction (Ahmed et al.,, 1995). These finding suggest that iron is

necessary for normal development and functioning of the nervous system.
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Furthermore, iron depletion may also act as a marker for other nutritional

deficiencies, especially in children who are already selective with their diet.

Viteri (1998) stated that the tragedy of iron deficiency is that unless it is
severe and prolonged enough to cause anemia, it is silent, not being evident
by clinical signs, and therefore iron deficiency must be prevented before
anemia is detected. This is especially important in children with autism
who already suffer from severe communication, behavioral and intellectual

impairment.

Serum ferritin (SF) is the most widely used marker of iron stores in body
tissues, including the brain. Low levels are a sign of iron deficiency and an
early precursor of iron deficiency anemia. It declines before serum iron
when iron stores are depleted and exhibits less variability than serum iron
(Hallberg, 2002). Inadequate dietary iron intake was considered a cause of
iron deficiency, and low iron intake was thought to be associated with food
selectivity which is commonly seen in children with an autistic disorder
(AD) (Cermak et al., 2010; Herndon et al., 2009; Johnson, 2008; Xia et al.,
2010).

The presence of ID without anemia is sufficient for occurrence of
functional disturbances (Akman et al., 2004; Otero et al., 1999). Besides, it
Is possible that children with anemia explore the environment less and
move less compared from their healthy counterparts and that may preclude

them to receive sufficient stimulus and develop new skills (Abbott, 1998).
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ID can no longer be considered a simple problem easily reversed by iron
therapy. Although ID is one of the few treatable causes of psychomotor
retardation if commenced early, there is evidence that these adverse
consequences may not be fully reversible with treatment. This may be
linked with a critical point in early childhood where lack of iron may have

a permanent deleterious effect on the brain (Idjradinata & Pollit, 1993).

Feeding difficulties and selectivity with food are a major concern in the
majority of children on the spectrum, in which the child rejection of variety
causes problems. There may be selectivity regarding the shape, color, smell
and consistency of the food and the way it is presented to the child.
Disruptive mealtime behavior and the consumption of large amounts of
milk may cause further nutritional difficulties (Baron-Cohen and Bolton,

1993).

The aim of this study is to explore the association between autism and iron
deficiency in autistic children in the Northern West Bank and to define
food selectivity and compare indices of food selectivity
among children with autism, children with other mental disorders and

typically developing children.
1.1 Background
1.1.1 Definition of Autism

Autism is a developmental disorder characterized by qualitative

abnormalities of social interaction, impairments in communication, and
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unusual forms of repetitive behavior (Rapin, 1997). A disturbance of
emotion, attention, activity, and thought, and associated behavioral
problems occur in children with autism of all ages (Lainhart, 1999). Autism
iIs also defined by the presence of marked social deficits, specific language
abnormalities and stereotyped, repetitive behaviors (American Psychiatric

Association, 1994).
1.1.2 Diagnostic Age

Onset must be prior to age three years, with delays or abnormal functioning
in either social interaction, language as used in social communication, or

symbolic or imaginative play (APA, 2000).
1.1.3 Etiology of Autism

The etiology of autism has been debated, with various proponents favoring
behavioral, environmental, dietary, viral/immunologic, autoimmune, or
genetic theories (Smalley et al., 1988). Inheritance and environmental risk
factors contribute to autism as well (Newschaffer et al., 2002; Rodier &

Hyman, 1998).

The molecular origin of autism is not known; however, studies of families
and twins revealed that inheritance contributes significantly to autism
(Bailey, et al., 1995; Spiker, et al., 1994). The genetics of autism consist of
numerous loci and interaction of various genes (Risch et al., 1999). The
most promising regions among the detected lico were found on

chromosome 7q (Ashley-Koch et al., 1999; Buxbaum et al., 2001; Shao et
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al.,, 2002). Environmental factors identified as contributors to autism
include intrauterine rubella (Chess, 1997), thalidomide taken during
pregnancy (Zwaigenbau et al., 2002), and cytomegalovirus infection
(Stubbs et al., 1984). The measles, mumps, and rubella vaccines have been
thought to cause autism; however, research has not determined any
connection between the vaccines and autism (Dales et al, 2001; Taylor et

al., 2002).
1.1.4 Diagnosis of Autism

When sample was recruited the DSM fifth edition wasn’t existed yet; so the
participants were diagnosed on DSM-IV or ICD-10 by qualified

psychiatrist.

[The following is from Diagnostic and Statistical Manual of Mental
Disorders: DSM 1V] (I) A total of six (or more) items from (A), (B), and

(C), with at least two from (A), and one each from (B) and (C).

(A) Qualitative impairment in social interaction, as manifested by at least

two of the following:

1. Marked impairments in the use of multiple nonverbal behaviors such
as eye-to-eye gaze, facial expression, body posture, and gestures to

regulate social interaction.

2. Failure to develop peer relationships appropriate to developmental

level.
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3. A lack of spontaneous seeking to share enjoyment, interests, or
achievements with other people, (e.g., by a lack of showing, bringing, or

pointing out objects of interest to other people).

4. Lack of social or emotional reciprocity (note: in the description, it
gives the following as examples: not actively participating in simple
social play or games, preferring solitary activities, or involving others in

activities only as tools or "mechanical” aids ).

(B) Qualitative impairments in communication as manifested by at least

one of the following:

1. Delay in or total lack of the development of spoken language (not
accompanied by an attempt to compensate through alternative modes of

communication such as gesture or mime).

2. In individuals with adequate speech, marked impairment in the ability

to initiate or sustain a conversation with others.

3. Stereotyped and repetitive use of language or idiosyncratic language.
4. Lack of varied, spontaneous make-believe play or social imitative play

appropriate to developmental level.

(C) Restricted repetitive and stereotyped patterns of behavior, interests

and activities, as manifested by at least two of the following:

1. Encompassing preoccupation with one or more stereotyped and

restricted patterns of interest that is abnormal either in intensity or focus.
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2. Apparently inflexible adherence to specific, nonfunctional routines or
rituals.
3. Stereotyped and repetitive motor mannerisms (e.g; hand or finger
flapping or twisting, or complex whole-body movements).

4. Persistent preoccupation with parts of objects.

(11) Delays or abnormal functioning in at least one of the following areas,

with onset prior to 3 years of age:

(A) Social interaction .

(B) language as used in social communication.
(C) symbolic or imaginative play.

(I11) The disturbance is not better accounted for by Rett's Disorder or
Childhood Disintegrative Disorder (American Psychiatric

Association1994).
ICD-10 Criteria for ""Childhood Autism"*

A. Abnormal or impaired development is evident before the age of 3 years
in at least one of the following areas: receptive or expressive language as
used in social communication; the development of selective social

attachments or of reciprocal social interaction; functional or symbolic play.

B. A total of at least six symptoms from (1), (2) and (3) must be present,

with at least two from (1) and at least one from each of (2) and (3):


http://en.wikipedia.org/wiki/American_Psychiatric_Association
http://en.wikipedia.org/wiki/American_Psychiatric_Association
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1. Qualitative impairment in social interactions is manifest in at least two of

the following areas:

a. Failure adequately to use eye-to-eye gaze, facial expression, body
postures, and gestures to regulate social interaction.

b. Failure to develop (in a manner appropriate to mental age, and
despite ample opportunities) peer relationships that involve a mutual
sharing of interests, activities and emotions.

c. Lack of socio-emotional reciprocity as shown by an impaired or
deviant response to other people’s emotions; or lack of modulation
of behavior according to social context; or a weak integration of
social, emotional, and communicative behaviors.

d. Lack of spontaneous seeking to share enjoyment, interests, or
achievements with other people (e.g. a lack of showing, bringing, or

pointing out to other people objects of interest to the individual).

2. Qualitative abnormalities in communication as manifest in at least one of

the following areas:

a. Delay in or total lack of, development of spoken language that is not
accompanied by an attempt to compensate through the use of gestures or
mime as an alternative mode of communication (often preceded by a
lack of communicative babbling).

b. relative failure to initiate or sustain conversational interchange (at
whatever level of language skill is present), in which there is reciprocal

responsiveness to the communications of the other person;
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c. Stereotyped and repetitive use of language or idiosyncratic use of words
or phrases.
d. Lack of varied spontaneous make-believe play or (when young) social

imitative play.

3. Restricted, repetitive, and stereotyped patterns of behavior, interests, and

activities are manifested in at least one of the following:

a. An encompassing preoccupation with one or more stereotyped and
restricted patterns of interest that are abnormal in content or focus; or one
or more interests that are abnormal in their intensity and circumscribed

nature though not in their content or focus.

b. Apparently compulsive adherence to specific, nonfunctional routines or

rituals.

c. Stereotyped and repetitive motor mannerisms that involve either hand or

finger flapping or twisting or complex whole body movements.

d. Preoccupations with part-objects of non-functional elements of play
materials (such as their odor, the feel of their surface, or the noise or

vibration they generate).

C. The clinical picture is not attributable to the other varieties of pervasive
developmental disorders; specific development disorder of receptive
language (F80.2) with secondary socio-emotional problems, reactive

attachment disorder (F94.1) or disinhibited attachment disorder (F94.2);
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mental retardation (F70-F72) with some associated emotional or behavioral
disorders; schizophrenia (F20.-) of unusually early onset; and Rett’s

Syndrome (F84.12) (World Health Organization. 1992).

1.1.5 Management & Mental Health Nurse Implication for Autism

The primary goals of treatment of autism are to minimize the core features
and associated deficits, maximize functional independence and quality of
life, and alleviate family distress (Scott et al, 2007). Facilitating
development and learning, promoting socialization, reducing maladaptive
behaviors, and educating and supporting families can help accomplish
these goals. Educational interventions, including behavioral strategies and
rehabilitative therapies, are the cornerstones of management of ASDs.
These interventions address communication, social skills, daily-living
skills, play and leisure skills, academic achievement, and maladaptive
behaviors. Optimization of medical care is also likely to have a positive
impact on rehabilitative progress and quality of life (Scott et al, 2007). In
addition to routine preventive care and treatment of acute illnesses,
management of sleep dysfunction, coexisting challenging behaviors or
psychiatric conditions, and associated medical problems, such as seizures,
may be particularly important. Medications have not been proven to correct
the core deficits of ASDs and are not the primary treatment (Scott et al,
2007). However, one kind of medicine (Risperidone) is used for treating
some cases of Autism. It is used to treat behavior problems such as

aggression, self-injury, and sudden mood changes in teenagers and children
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5-16 years old who are affected by autism (The American Society of

Health-System Pharmacists 2011).
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Chapter 2

Literature review
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2.1.1 Iron deficiency

Lozoff et al. (1992) reported that nervous system development and function
appear to be permanently damaged from early iron deficiency, resulting in
impaired cognition, diminished learning capacity and attention span, and
neuromotor dysfunction. In young iron deficient children, iron
supplementation has been shown to improve growth and psychomotor

development as well as behavior (Moffatt et al., 1994).

Dallman et al. (1996) used cutoff reference value for SF of 10 Ug/l for
children 1 to 5 years and 12 Ug/l for children 6 to 11 years. Oski et al
(1983) stated that iron depletion means that erythropoiesis is normal but
iron stores are reduced (serum ferritin < 12 Ug/l) indicating a reduction of

iron in the bone marrow, liver and other parts of reticuloendethelial system.
2.1.2 Iron deficiency and Autism

Researches show that a high prevalence of iron deficiency has also been
reported in children with autism spectrum disorders (Bilgi¢, 2010; Dosman,
2006; Latif, 2002). Inadequate dietary iron intake was considered as a
cause of iron deficiency, and low iron intake was thought to be associated
with food selectivity which is commonly seen in children with autistic

disorders (Cermak, 2010; Herndon, 2009; Johnson, 2008; Xia, 2010).

However, it was shown that serum ferritin concentration return to a normal
level with iron supplementation (Dosman et al., 2007) and this finding

supports the notion that ID is associated with low iron intake in children
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with ASDs. The high frequency of low iron intake in these children is
thought to be associated with feeding difficulties and food selectivity

(Cornish, 1998).

Children of the autistic spectrum are at high risk of developing iron
deficiency and/or iron deficiency anemia which might further compromise
their learning and behavioral impairments. Serum ferritin is the most
widely used marker of iron stores in body tissues, including the brain. Low
levels are a sign of iron deficiency and an early precursor of iron deficiency
anemia. It declines before serum iron when iron stores are depleted and

exhibits less variability than serum iron (Hallberg 2002).
2.1.3 Diagnostic criteria for Autism

The diagnostic criteria for autism identified in 1ICD-10 (World Health
Organization, 1993) and in DSM-IV (American Psychiatric Association,
1994) are that children which autism characteristically present with
impairments in social interaction, communication and imagination. In
addition, repetitive behavioral patterns, obsessions with objects and

resistance to change in routines are notable features (DSM; ICD-10).

Using DSM-1V, patients could be diagnosed with four separate disorders:
autistic disorder, Asperger’s disorder, childhood disintegrative disorder, or
the catch-all diagnosis of pervasive developmental disorder not otherwise
specified. Researchers found that these separate diagnoses were not

consistently applied across different clinics and treatment centers. Anyone
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diagnosed with one of the four pervasive developmental disorders (PDD)
from DSM-1V should still meet the criteria for ASD in DSM-5 or another,
more accurate DSM-5 diagnosis. While DSM does not outline
recommended treatment and services for mental disorders, determining an
accurate diagnosis is a first step for a clinician in defining a treatment plan

for a patient (APA, 2013).

The Neurodevelopmental Work Group, led by Susan Swedo, MD, senior
investigator at the National Institute of Mental Health, recommended the
DSM-5 criteria for ASD to be a better reflection of the state of knowledge
about autism. The Work Group believes a single umbrella disorder will
improve the diagnosis of ASD without limiting the sensitivity of the
criteria, or substantially changing the number of children being diagnosed

(APA, 2013).
2.1.4 Repetitive behavior in Autism

In terms of autistic repetitive and ritualistic behavior, the presence of
restricted and repetitive interests and behavior is one of the defining
characteristics of ASD (American Psychiatric Association, 2000).
Repetitive behaviors (RBs) have been addressed extensively in the research
literature, with considerable study focused on factors related to the
presence of each of two types of RBs: restricted interests/cognitive
inflexibility (higher order) and repetitive motor behavior/stereotypes (lower
order), a dichotomy suggested by Turner (1999). Research has suggested

that higher order RBs may be more indicative of ASD and less related to



18
the developmental level of the child (Carcani-Rathwell et al., 2006;
Szatmari et al., 2005).

2.1.5 Feeding difficulties and selectivity

The feeding rituals that children with ASD often demand extend to other
aspects of mealtime, including insistence on specific methods of
preparation, food types, and mealtime rules (Raiten & Massaro, 1986;
Schreck & Williams, 2006; Williams et al., 2000). These rituals, as well as
the patterns of food selectivity described in the research literature, most
frequently exemplify higher order RBs (Ahearn et al., 2001; Raiten &
Massaro, 1986; Schreck et al., 2004; Williams et al., 2005; Williams et al.,
2000). This indicates that the presence of rituals at mealtime is more likely
to be related to autistic symptomatology and its neurological bases than to
behavioral noncompliance or purely developmental factors. Many
anecdotal reports have documented specific feeding rules, including
insistence that all foods on a plate should be the same color, eating the
same food at each meal, requiring that foods be presented in a particular
order, or requiring that foods not touch each other on a plate (e.g.,
Ernsperger & Stegen-Hanson, 2004; Legge, 2002). Lending credence to
this contention is the inclusion by Bodfish, Symons, and Lewis (1999) of
an item relating to “eating/mealtime” behaviors in the Repetitive Behavior
Scale—Revised (RBS-R; Bodfish et al., 1999); one of six items within the

ritualistic behavior subscale, this item lists as examples “strongly
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prefers/insists on eating/drinking only certain things; eats or drinks items in

a set order; insists that meal-related items are arranged in a certain way”

A study examining food acceptance assessed the feeding behaviors of 30
autistic children (Ahearn et al., 2001). This study excluded children who
had previously been referred for treatment of aberrant feeding behavior.
Half of the children were found to exhibit certain patterns of food
acceptance, including selectivity by food category or texture. What this
finding means is unclear, as noted in the article, because there was no
comparison group to assess feeding patterns of normally developing
children. With regard to feeding, available evidence indicates that autistic
children tend to have increased food selectivity (Ahearn et al., 2001; Field

etal., 2003).
2.1.6 Gastrointestinal dysfunction

Many parents report gastrointestinal symptoms in their autistic child;
however, until recently, gastrointestinal symptoms of these children
received little attention. D’Eufemia et al. (1996) reported increased
intestinal permeability in 9 of 21 (43%) patients with autistic disorder. The
report of Wakefield et al. (1998) represents the first effort to evaluate the
gastrointestinal tract in children with autism. In a recent case report it was
described 3 children with autistic spectrum disorder and chronic diarrhea
that had an increased pancreatico-biliary secretory response after secretin
injection, suggesting that gastrointestinal dysfunction might be associated

with autism (Horvath, 1998).
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Horvath (1999) reported that “twenty-two” of “twenty-five” autistic
children (88%) had symptoms such as nighttime awakening with

irritability, signs of abdominal discomfort, or pushing on the abdomen.

Few studies have addressed gastrointestinal problems in children with
autistic disorder. Goodwin et al (1971) studied 15 randomly selected
children with autism and found that 6 had either bulky, odorous, or loose
stools or intermittent diarrhea; one had celiac disease. In a study, 43% of
the autistic patients without symptoms or evidence of any gastrointestinal
disease had altered intestinal permeability (Goodwin et al 1971). Low
concentrations of serum al -antitrypsin were reported in children with
typical autism (Walker-Smith & Andrews 1972). A finding that is
indicative of intestinal protein loss. In a case report gastrointestinal and
behavioral observations on 3 children with autistic spectrum disorder were
reported (Horvath et al., 1998), although gastrointestinal symptoms
frequently accompany the manifestations of autism, little attention has been
paid to this aspect of this developmental behavioral disorder, and a
gastrointestinal workup has not been part of the regular medical
evaluations. Sudden unexplained irritability or aggressive behavior, mood
change, discomfort, and nighttime awakenings in these children were
considered to be part of the brain dysfunction and not manifestations of
organic problems. A significant percentage of children with autistic
disorder are reported to be low functioning and have only prelinquistic
communicative behavior. A plausible reason for the paucity of

gastrointestinal evaluation of these children may be their inability to
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verbalize and describe their abdominal pain or discomfort and a lack of
cooperation (Horvath et al., 1998). The upper gastrointestinal evaluations
of children with autistic disorder support the presence of a chronic
inflammatory process in the gut, as reported by Wakefield et al. (1998)
They performed colonoscopy with histologic examinations in 12 children
and reported that all had intestinal abnormalities, ranging from lymphoid
nodular hyperplasia to aphthoid ulceration. The most frequently detected
abnormalities in children with autistic disorder included a high prevalence
of reflux esophagitis, hyperplasia of duodenal Paneth’s cells, intestinal
carbohydrate digestive enzyme deficiencies, (Horvath 1999). Many parents
of children with autism had reported gastrointestinal symptoms in their
children, which might suggest malabsorption (Horvath 1999) as a possible

cause of iron deficiency in autism.

2.1.7 Maternal and neonatal factors

Several studies involved the creation of scores summarizing various
combinations of maternal and neonatal factors such as maternal age, parity,
intrauterine bleeding, infection, caesarian delivery, breech presentation, Rh
incompatibility, neonatal birth weight, gestational age, Apgar score, and
meconium staining. Most of the studies using composite sub optimality
scores reported less optimal pre, peri-, and neonatal experiences among
children with autism compared with both population and sibling controls

(Gillberg, 1983; Lord et al, 1991; Stein et al, 2006; Sugie, 2005).
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2.2 Study objectives

To explore the association between Autism and Iron deficiency in
autistic children in the northern West Bank.

To identify food selectivity and compare indices of food selectivity
among children with autism, mental disordered and typically

developing children (normal children).

2.3 Problem statement

The iron has important role in cognition, behavior, mood,
concentration and communication.

It is not clear whether the person with autism has an iron deficiency
due to disease itself or anything related to behavior, environment,
parenting and growth issue.

Because of autism may not be the only mental illness which has iron
deficiency, so it's important to do research on other psychiatric
disorders group (control group 1).

Autism is not the first priority in the community mental health in
Palestine.

The author wishes to emphasize the neglected disorder (Autism),
where we have many problems in diagnosis and treatment.

Considering the absence of sufficient research around the world on
the relationship between autism and the lack of iron, this study aims

to relate autism and iron deficiency, as the first study in Palestine.
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e The author wishes this study to be the first step for other researcher

in the future.
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Chapter 3
Methodology
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e The study design: Case control study.

e Setting: The study was conducted in the North West Bank, and three
cities were included (Jenin, Nablus, Tulkarm).

3.1.1 Participant:

Three groups were considered in the research: a study group, and two

control groups (Table 1).

The study group: Thirty autistic children were participating from three
geographical areas Jinen, Nablus, Tulkarm. Contact with children was
implemented through several rehabilitation centers.

The second group: Control Group (1), 30 children were chosen from
another mental disorder, but not autism from the same centers, or any other
center in the same geographical areas.

The third group: Control group (2) 30 typically developing children
(normal children) were chosen form public in the same geographical and

cultural characteristic of the study group.
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Table 1: Centers for study and control group\cities

City Center for study group Centers for control (1) group
Jinen Al Ghad center Governmental Community Mental
Health center

Nablus | Farah center, Care for Farah center, Care for children with
children with special special need society
needs society

Tulkarm | Autistic & learning Autistic & learning disability

disability rehabilitation rehabilitation society
society

3.1.2 Sampling procedure:

Sample: Purposive sampling of the study, the researcher took 50% of
autistic children in the northern West Bank (Jinen, Nablus, Tulkarm), the
total number of diagnosed children for autism is about 60 and 30 of them

were recruited in the study group by performing a simple random. The

three groups were matched for gender, and age.

3.1.3 Inclusion criteria

For study group;

e Children who are diagnosed with Autism by (DSM-IV) and ICD (10)

by a qualified psychiatrist.

e Children who do not take supplements of iron or vitamins.
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For control group (1);

Children who are diagnosed with mental disorders, but not autism

Children who do not take supplements of iron or vitamins.

For control group (2);

Children who are free from any disease and they do not takes any

type of medications or supplements of iron or vitamins.

3.1.4 Exclusion criteria

For study group;

Children with chronic neurological disorders or physical illness than
autism.

Since ferritin is a marker of inflammation, children with infection or
other inflammatory conditions were excluded from the study
Children who received iron supplements during the last 3 months
and / or who were on any dietary restrictions.

Children who are inpatients in rehabilitation centers.

For control group (1);

Diagnosed with Autism, or having Autistic behavior.

Children who are inpatients in rehabilitation centers.

Children who have any type of infections, or acute illness.

Children who received iron supplements during the last 3 months

and / or who were on any dietary restrictions.
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For control group (2);
e Children who have any dietary restrictions.

e Children who take any type of medications, or have any illness.

3.1.5 Assessment of questionnaire

None of the available assessment forms were sufficient for the purposes of
this study, so the author developed a questionnaire includes specific food
habits survey for the study in Arabic language and then the questionnaire
translated to the English language for the purpose of research which should

be written in English language.

After developing a thorough understanding of the research, the next step is
to generate statements/questions for the questionnaire. In this step, content
(from literature/theoretical ~ framework) is  transformed into
statements/questions. In addition, a link among the objectives of the study
and their translation into content is established. In Step 3, the focus is on
writing  statements/questions, selection of appropriate scales of
measurement, questionnaire layout, format, question ordering, font size,
and proposed data analysis. Scales are devices used to quantify a subject's
response on a particular variable. As a result of Steps 1-3, a draft
questionnaire is ready for establishing validity. Validity is the amount of
systematic or built-in error in measurement (Norland, 1990). Validity is
established using a panel of experts and a field test. The Arabic version was
handed to the participants (Appendix 1). The questionnaire was given to 9

people, 2 doctors, 3 nurses, 3 researchers, and 1 statistician, who were
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asked to judge whether or not the questions were appropriate and

reasonable. After some changes the questionnaire was considered valid.
The following questions are addressed in Step 4

1. Is the questionnaire valid? In other words, is the questionnaire

measuring what it intended to measure?
2. Does it represent the content?
3. Is it appropriate for the sample/population?

4. Is the questionnaire comprehensive enough to collect all the

information needed to address the purpose and goals of the study?
5. Does the instrument look like a questionnaire?

The next step is to conduct a field test using subjects not included in the
sample. Make changes, as appropriate, based on both a field test and expert
opinion. Now the questionnaire is ready to pilot test. In this final step,
reliability of the questionnaire using a pilot test is carried out. Reliability
refers to random error in measurement. Reliability indicates the accuracy or
precision of the measuring instrument (Norland, 1990). The pilot test seeks
to answer the question; does the questionnaire consistently measure

whatever it measures?

The use of reliability types (test-retest) depends on the nature of data
(nominal, ordinal, interval /ratio). To assess reliability of knowledge

questions, test-retest is appropriate.



30
Reliability is established using a pilot test by collecting data from 20
subjects not included in the sample. Data collected from pilot test is
analyzed using SPSS (Statistical Package for Social Sciences). The
reliability coefficient (alpha) can range from 0 to 1, with O representing an
instrument with full of error and 1 representing total absence of error. A
reliability coefficient (alpha) of .70 or higher is considered acceptable
reliability. Reliability of the survey was investigated with a test—retest.
The test—retest correlation coefficient was 0.82. The questionnaire was
described as appropriate and gave a correct picture of their experience by

100% of the participants.

3.1.6 Description of questionnaire

e The questionnaire (Appendix 1) was divided into three sets, first set for
background information, the second set for parent information and the
third set of 9 questions for patient information (food habits survey).

e The questions were open-ended questions. There is one close ended
question about gastric dysfunction. The closed-ended question had
options and the participant has to choose among these options the most
appropriate answer.

e Thereafter the patients were asked to report other things that were not
mentioned before.

e Parents were interviewed about their child's dietary habits. Parents also

completed a demographic questionnaire and were instructed by the
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author to complete a food habit survey. The completed questionnaire
record was returned to the researcher.
3.1.7 Laboratory measurements
Ferritin, hemoglobin, hematocrit, Mean corpuscular volume (MCV), and

Red Cell Distribution Width (RDW) values were measured.

Serum ferritin level is taken as an indicator of ID, because ID is the only
cause of low ferritin concentration. Serum ferritin level reliably shows iron
levels in body tissues including brain and is also an early precursor of ID

(Worwood , 1997).

There is no consensus in the literature about the cutoff value for low serum
ferritin in children (Cortese, 2009). The auther used ferritin cutoff of <10
ng/mL for preschoolers and <12 ng/mL for school-aged children to
estimate iron deficiency since this was a widely used criterion in previous

studies (Dosman, 2006; Latif, 2002).

The following cutoffs were used based on our hospital laboratory values:
HGB Hemoglobin<110g/l (De Maeyer et al., 1989), hematocrit, <35%;
mean corpuscular volume (MCV), <80 fL; and red cell distribution width
(RDW), >14.5%. Ferritin, hemoglobin, hematocrit, MCV, and RDW values
were measured in fasting blood in the morning at the university Laboratory
using standard measurement assays. All subjects with iron deficiency were

informed.
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3.1.8 Statistical analysis:

Data were analyzed using SPSS 20.0 software (SPSS, Inc., Chicago, IL,
USA). Demographic data and Clinical measurement were shown as means,
frequency, and SD or percentages. Descriptive analyses of hematological

values were conducted.
e Chi-square test

A chi-square test is used when you want to investigate if there is a
relationship between two categorical variables. In SPSS, thechi-
square option IS used on the statistics subcommand of

the crosstabs command to obtain the test statistic and its associated p-value.

e One-way ANOVA

A one-way analysis of variance (ANOVA) is used when you have a
categorical independent variable (with two or more categories) and a
normally distributed interval dependent variable and you wish to test for
differences in the means of the dependent variable broken down by the

levels of the independent variable
e Two independent samples t-test

An independent samples t-test is used when you want to compare the
means of a normally distributed interval dependent variable for two
independent groups. A probability level of p<.05 was used to indicate

statistical significance.
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Descriptive analyses of hematological values were conducted.
3.1.9 Procedure:

Ethical approval was obtained from the Institutional Review Board (IRB)
of An-Najah National University, and the permission was obtained to
conduct the study in rehabilitation centers. The study purposes were
explained to all parents. The parents who agreed to participate in the study
have read the participant's letter, and give written informed consent. The
demographic data was taken and the blood samples were withdrawn. *The
amount of blood taken from each of the child is 2 ml. Volume of 2ml is
enough, 1 ml in Edita tube and 1 ml in the plane tube. Blood tubes were
sent immediately to An Najah National University Laboratory after putting

them in ice to keep them valid. "

The control group (1) mental disorder but not autism was chosen from the
same rehabilitation center or other centers with a matching to the same
criteria for age and number of male and female as much as possible. The

process of participation was the same for the study group.

For the control group (2) typically developing children, was selected from
public as the closest geographic area, and matching was performed as much
as possible to the study group. The process of participation was same for
the study and control group (1) group. Lab results were sent back to
rehabilitation centers and families. A food habit survey was used to record

the diet of children. The sample collection started at the beginning of
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September in 2012 and finished at the end of December in the same year.
Statistical analysis was conducted for all groups and the results were

compared with each other, and the conclusion was made.
3.2 Ethical considerations

e Ethical approval was obtained from the Institutional Review Board
(IRB) of An-Najah National University.

e A letter from the university to obtain permission to conduct the study in
the rehabilitation centers was obtained.

e The process and purpose of the study was described in detail to the child
and their care givers and care givers who agreed to participate in the study
were asked to sign an informed consent.

e Participation was voluntary and they were able to withdraw from the
study at any time without any negative consequences.

e The information kept confidential.

e Safety and security during the procedure (drawing of blood samples) was
taken.

e Care was taken into account in order to ease the pain and any
complication of needle sticks.

e The procedure of blood taking was done by professionals.



35

Chapter 4

Results
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4.1 Demographic characteristics of the study sample

The number of study sample meeting the inclusion criteria were 90. 33.3%
(30/90) are autistic children, 33.3% (30/90) are mental disorders children,

and 33.3% (30/90) are typically developing children (hormal children).

For all groups the gender was 67.8% (61/90) for males, and 29/90 (32.3%)
for females. School age > 6years old (from 6 to 13 years old) was 62.2%
(56/90) and pre- school age < 6 years old (from 3 to less than 6 years old)
was 37.8% (34/90).Method of delivery: 74.4% (67/90) for normal delivery
and 25.6% (23/90) for cesarean. Maternal age at delivery (<19 years): 2.2%
(2/90), (20-29 years): 55.6% (50/90), (30-39 years): 37.8% (34/90), (40-49
years): 4.4% (4/90). Length of pregnancy: 91.1% (82/90) for full term, and
8.9% (8/90) for premature. The demographic details are shown in

(Table 2).
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Table 2: Demographic characteristics of the whole group (n=90).
Figures are as frequency (%o).

Category Variable Frequency (%)
Group n (%) Autism group 30 (33.3)
Mental disorder 30 (33.3)
Typically developing 30 (33.3)
children
Gender n (%) Male 61(67.8)
Female 29 (32.3)
Age n (%) School age >6 56 (62.2)
Pre- school age <6 34 (37.8)
Method of Delivery n Normal 67 (74.4)
(%) Cesarean 23 (25.6)
Maternal age at <19 years 2(2.2)
delivery n (%) 20-29 years 50 (55.6)
30-39 years 34 (37.8)
40- 49 years 4(4.4)
Length of pregnancy n Full term 82 (91.1)
(%) Premature 8 (8.9)

All patients completed the study protocol. The response rate was 100%.
The three groups were similar with respect to demographic characteristics.
The results showed by using Crosstab/Chi-Square test that there was no
significant difference between the groups in term of age, sex, method of

delivery, maternal age at delivery, length of pregnancy (Table 3).
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Table 3: Age, sex, method of delivery, maternal age at delivery, length

of pregnancy are distributed by the groups n (%o)

Category Variable Group Sig*
Autism group Mental Typically
n=30 disorder developing
n=30 children n=30
Gender n Female 8(26.7%) | 13 (43.3%) 8(26.7%) | 0.280
(%)
Male 22 (73.3%) | 17 (56.7%) | 22 (73.3%)
Agen (%) | School age 18 (60%) 19 (63.3%) | 19(63.3%) | 0.954
>6
Pre- school 12 (40%) 11 (36.7%) | 11 (36.7%)
age <6
at delivery n Cosarean
(%) 8 (26.7%) 9 (30%) 6 (20%)
Mothqrs Age <19 years 1(3.3%) 1(3.3%) 0 (0%) 0.557
on delivery n
(%) 20-29 years | 16 53306) | 16 (53.3%) | 18 (60%)
30-39years | 10(333%) | 12 (40%) 12 (40%)
40- 49 years 3 (10%) 1 (3.3%) 0 (0%)
Length of Full term 27 (90%) 27 (90%) 28 (93.3%) 0.872
pregnancy n
(%) Premature
3 (10%) 3 (10%) 2 (6.7%)

The results showed also that no significant (p=0.441) differences among
the autism, mental disorder and typically developing children groups for

the frequencies of meals per day (Table 4).
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Table 4: Frequency of meals per day and group type

Frequency of Group type
meals per day | Autism group | Mental Typically
disorder developing
children

2 2 4 6

3 25 25 23

4 1 1 1

5 2 0 0

Total 30 30 30

The results demonstrated also a significant difference in the frequency of
snacks per day (> 4) in autistic children (n = 12/30) compared with both
mental disorder (n = 5/30) (p = 0.006) and typically developing children (n
= 2/30) groups (p = 0.001) (Figure 1).
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Figure 1: Frequency of snacks pear day.

Consistent relationship was found between dietary iron intake and ferritin.
Low ferritin was more prevalent among the autistic children who ate food
preferences according to red color compared to the prevalence among the

entire sample of children). Related to the issue of the favorite color of food,
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there was a significant difference between children in the autistic group
who chose foods with red color as favorite 23% (7/30) compared to the

other two control groups 0%, respectively (p=0.0001); (Figure 2).
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Figure 2: Favorite color of food

Regarding to gastric dysfunction “Unusual annoying symptoms” there are

no significant (p=0.386) differences between groups (Table 5).
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Table 5: Differences between groups and unusual annoying symptoms.

Group type
Unusual annoying Autism Mental Typically
symptoms disorder developing
children
Diarrhea 2 2 0
Constipation 2 4 2
\Vomiting 0 1 0
Gazes 1 0 2
Total 5 7 4

4.2 Clinical measurement

The study group was divided into two groups as group 1, cases <6 years old
(n=12), and group 2, cases >6 years old (n=18).The proportion of children
amongst autism group with serum ferritin less than the cutoff value of "10"
for pre-school age and "12" for school-age children are significantly lower
by 20% (6/30) (p = 0.002), by using Crosstab/chi-square test, compared
with a mental disturbance 0% (0/30) and typically developing children 0%
(0/30) groups (Figure 3).
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Figure 3: “Normal & Low serum Ferritin” for each group

Anemia was defined as hemoglobin<110g/l for children under the age of 6
years and hemoglobin<120g/l for children 6 to 13 years of age (De Maeyer
et al 1989). Serum ferritin levels below 12g were taken as evidence of
iron deficiency. It was found that 20% (6/30) of patients in the autistic
group have low ferritin. When we analyzed the other laboratory
measurements for them we found that 66.6% (4/6) of children (two males
are pre-school children (HGB is less than 110g/l), and the other two, one
male and one female are school children (HGB is less than 120g/1)) have
iron deficiency anemia. The result was indicated for who have anemia that

these differences are for the males 75% (3/4) (Table 6).
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Table 6: Laboratory tests for children who have low serum ferritin and
their classification to iron deficiency and iron deficiency anemia based
on measurements of serum ferritin and hemoglobin (HGB).

No

Age sex | HGB | HCT | MCV | RDW | Ferritin | Classification
g/l
1 School male | 110 | 39.0 | 75.3 19.0 7.2 anemia
2 | Pre-school | male | 100 | 29.3 | 63.6 17.8 2.1 anemia
3 | Pre-school | male | 109 | 33.3 | 743 | 15.2 8.6 anemia

4 | Pre-school | female | 123 | 36.2 71.9 15.1 9.5 Iron deficiency

5 School female | 114 | 34.7 76.8 15.0 7.4 anemia

6 | Pre-school | male | 118 | 349 | 73.0 16.9 5.6 Iron deficiency

The results showed that the number of children who have less than the cut-
off point of HGB (<110g / I) 9/30 is significant difference compared to
typically developing children group (1/30) p = 0.018; Table 7.
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Table 7: Number of affected children who have less than the cut off

points of laboratory measurements in the three groups.

Lab tests Cut off points | Number of Number of Number of p-value
of laboratory affected affected affected
measurements | children in children in children in

Autistic | mental disorder typically
group group developing chi
(n=30) Idren.
(n=30) (n=30)
Hemoglobin <1109/l * 9 6 1* 0.018
(HGB)
Mean <80 fL 21 17 23 0.631
corpuscular
volume
(MCV),
Hematocrit <35% 19 13 9 0.058
(HCT)
Red cell >14.5% 10 12 7 0.467
distribution
width
(RDW)

Analysis of variance (ANOVA) was used to analyze differences between
the three groups with respect to the mean of HGB, HCT, MCV and RDW.

If a difference was found, a post hoc analysis using LSD test was applied.

The result demonstrated that HGB level differed between the three groups
[F (4.371), p=0.016]. Further analysis indicated that the HGB in autism
group is lower compared to the typically developing children group (P <
0.05). The result indicated also that HCT level differed between the three
groups [F (4.330), p=0.016]. Further analysis showed that the HCT in
autism group is lower compared to typically developing children group (P

< 0.05). The result indicated that MCV level differed between the three
groups [F (3.051), p=0.052]. Further analysis indicated that the MCV in
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autism group is lower compared to typically developing children group (P

= 0.052) (Table 8).

No difference was demonstrated between the groups regarding RDW
(p=0.106). The result showed the mean of Ferritin in Autistic (29.630) and
Mental disorder groups (29.513) are near to each other but its lower than
typically developing children (35.880).The differences are not significant
(p=0.316) (Table 8).

Table 8: One Way ANOVA test for the association between the clinical
measures of (HGB, HCT, MCV, RDW and Ferritin) between the
groups.

Measure/ Means (F) Sig.*

Group | Autism group | Mental disorder Typically

N:30 N:30 developing

children
N:30

HGB 11.543 11.960 12.250 4371 | 0.016*
HCT 34.320 36.453 35.707 4.330 | 0.016*
MCV 76.597 80.243 78.213 3.051 | 0.052
RDW 14.373 14.630 13.850 2.302 | 0.106
Ferritin 29.630 29.513 35.880 1.167 | 0.316

* The mean difference is significant at the 0.05 level.

When analyzing the ferritin level related to the gender; it was shown that
males have lower rate of ferritin level than females rate in Autistic group
but it wasn’t significant (p=0.697), but the males in typically developing
children have higher rate of ferritin level than females rate and it was

significant (p=0.017) (figure 4).
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Figure 4: Ferritin levels in the three groups divided by gender

The T- test analysis of the age variable in relation to clinical measures
(HGB, HCT, MCV, RDW and Ferritin) of the Autism group indicated that
there were significant differences between school age > 6 years & under
school age<6 years groups in MCV measure (P=(0.004). Also, the test

indicated that these differences are for school age > 6 years (Table 9).
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Table 9: T-test for the association between the clinical measures
(HGB, HCT, MCV, RDW and Ferritin) and the age group for the
Autism group.

Age Std. Sig.*
N Mean Deviation ®
HGB school age > 6 years 18 | 11.656 .7350 0.979 | 0.336
under school age < 6 years 12 | 11.375 .8192
HCT school age > 6 years 18 | 34.756 2.3012 1.272 | 0.214

under school age < 6 years 12 | 33.667 2.2904

MCV | school age > 6 years 18 | 78.539 3.3729 3.114 | 0.004*

under school age < 6 years 12 | 73.683 5.1945

RDW | school age > 6 years 18 | 14.050 1.5497 1.336- | 0.192

under school age < 6 years 12 | 14.858 1.7312

Ferritin | school age>6 years 18 | 30.911 18.7072 0.393 0.697

under school age < 6 years 12 | 27.708 25.9719

* The mean difference is significant at the 0.05 level.

The T- test analysis of the age variable in relation to clinical measures
( HGB, HCT, MCV, RDW and Ferritin) of the Mental disorder indicated that
there were significant differences between the groups of school age > 6
years & under school age<6 years groups in HGB and HCT measures
(p=0.047 and p=0.017) respectively. Also, the result demonstrates that

these differences are for school age > 6 years MCV; look Table 10.
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Table 10: T-test for the association between the clinical measures
(HGB, HCT, MCV, RDW and Ferritin) and the age group for the
Mental disorder.

Age Std. Sig.*
N Mean Deviation ®

HGB | school age > 6 years 10 | 12295 | 12394 | 2.082 | 0.047*

under school age < 6 years 11 | 11.382 0.9928

HCT | school age > 6 years 19 | 37726 | 40312 | 2537 | 0.017*

under school age < 6 years 11 | 34.255 2.6953

MCV | school age > 6 years 19 | 82342 | 88138 | 1.892 | 0.069

under school age < 6 years 11 | 76.618 6.2265

RDW | school age > 6 years 19 | 14.263 1.1056 1.573- 0.127

under school age < 6 years 11 | 15.264 2.3855

Ferritin | school age >6 years 19 | 30.947 14.5205 0.802 0.429

under school age < 6 years 11 | 27.708 25.9719

* The mean difference is significant at the 0.05 level.

The T- test analysis of the age variable in relation to clinical measures
(HGB, HCT, MCV, RDW and Ferritin) of the Typically developing children
indicated that there were no significant differences between the groups of

school age > 6 years & under school age<6 years groups (Tablell).
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Table 11: T-test for the association between the clinical measures
(HGB, HCT, MCV, RDW and Ferritin) and the age group for the
Typically developing children,

Age Std. Sig.*
N Mean | Deviation ®

HGB school age > 6 years 19 | 12.226 7571 -234- | 0.817

under school age < 6 years 11 | 12.291 .6745

HCT school age > 6 years 19 | 35.642 2.0478 -.245- | 0.808

under school age < 6 years 11 | 35.818 1.5892

MCV school age > 6 years 19 | 78.311 2.6658 275 0.786

under school age < 6 years 11 | 78.045 2.3227

RDW school age > 6 years 19 | 13.779 7307 -710- | 0.484

under school age < 6 years 11 | 13.973 .7016

school age >6 years 19 | 39.126 22.6661 | 1.183 0.247

Ferritin
under school age < 6 years 11 | 30.273 12.9796

* The mean difference is significant at the 0.05 level.

The T- Test analysis of the gender variable in relation to clinical measures
(HGB, HCT, MCV, RDW and Ferritin) of the Autism group indicated that
there were significant differences between groups in MCV measure
(p=0.004).The test indicated that these differences are for females (Table

12).
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Table 12: T-test for the association between the clinical measures
(HGB, HCT, MCV, RDW and Ferritin) and the gender for the Autism
group.

Std. Sig.*

Gender N Mean Deviation ()

male 22 11.532 0.8191 0.979 0.336
HGB

female 8 11.575 0.6585

male 22 34.305 2.5638 1.272 0.214
HCT

female 8 34.363 1.6133

male 22 75.695 4.6450 3.114 | 0.004*
MCV

female 8 79.075 44701

male 22 14.532 1.7537 -1.336- | 0.192
RDW

female 8 13.938 1.3005

male 22 27.636 19.8599 0.393 0.697
Ferritin

female 8 35.113 26.2746

* The mean difference is significant at the 0.05 level.

The T- test analysis of the gender variable in relation to clinical measures
(HGB, HCT, MCV, RDW and Ferritin) of the Mental disorder indicated that
there were no significant differences between groups in (HGB, HCT,

MCV, RDW and Ferritin measures) (Table 13).
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Table 13: T-test for the association between the clinical measures
(HGB, HCT, MCV, RDW and Ferritin) and the gender for the Mental
disorder.

Std. Sig.*
Gender N Mean Deviation (t)
male 17 12.318 1.3717 1.915 0.066
HGB
female 13 11.492 0.8261
male 17 37.512 3.9922 1.743 0.092
HCT
female 13 35.069 3.5377
male 17 80.382 5.7629 0.103 0.919
MCV
female 13 80.062 11.1135
male 17 14.629 1.9509 -0.002- | 0.998
RDW
female 13 14.631 1.4430
male 17 31.318 13.3217 0.880 0.386
Ferritin
female 13 27.154 12.1655

* The mean difference is significant at the 0.05 level.

The T- test analysis of the gender variable in relation to clinical measures
(HGB, HCT, MCV, RDW and Ferritin) of the Typically developing children
indicated that there were significant differences between groups in Ferritin
measure (p=0.017). The test indicated that these differences are for male

(Table 14).
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Table 14: T-test for the association between the clinical measures
(HGB, HCT, MCV, RDW and Ferritin) and the gender for the
Typically developing children,

Std. Sig.*

Gender | N Mean Deviation ()

male 22 12.300 .7185 0.627 0.536
HGB

female | 8 12.112 .7415

male 22 35.818 1.6512 0.536 0.596
HCT

female | 8 35.400 2.4692

male 22 78.464 2.3722 0.904 0.374
MCV

female | 8 77.525 2.9036

male 22 13.895 7700 0.571 0.572
RDW

female | 8 13.725 5574

male 22 40.964 20.3028 2.527 | 0.017*
Ferritin

female | 8 21.900 9.9280

* The mean difference is significant at the 0.05 level.

One Way ANOVA test analysis of the favorite food groups variables
(meat, milk, fruit, vegetables & grains) for the autism group in relation to
clinical measures indicated that there were no significant differences
between favorite food groups and (HGB, HCT, MCV, RDW and Ferritin

measures) (Table 15).
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Table 15: One Way ANOVA test for the association between the
clinical measures (HGB, HCT, MCV, RDW and Ferritin) and the
variable of the favorite food for the Autism group.

I\/Cl;easure Means (F) | Sig.*
roup Meat Milk Fruit | Vegetables | Grains
n=4 n=4 n=4 n=4 n=1
HGB

11.275 | 12.325 | 11.250 11.750 11.900 | 1.317 | 0.319
HCT 33.025 | 36.100 | 34.750 34.725 35.700 | 0.716 | 0.597
MCV | 78.650 | 76.700 | 76.575 74.200 77.400 | 0.338 | 0.847
RDW | 12.925| 14.175 | 15.150 15.150 14.200 | 1.032 | 0.430

Ferritin | 39.400 | 22.975 | 27.275 31.000 23.500 | 0.288 | 0.880

* The mean difference is significant at the 0.05 level.

One Way ANOVA test analysis of the favorite groups food color variable
for Autism group associated with clinical measures showed that there were
significant differences between groups in (Ferritin measure) (p = 0.031) for
green color with high ferritin levels than other colors. It must here taken
into account that there are seven children in the autism group who eat foods
with a red color compared to only one child who eats food with green color

(Table 16).
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Table 16: One Way ANOVA test for the association between the
clinical measures (HGB, HCT, MCV, RDW and Ferritin) and the
variable of the favorite food color for the Autism group.

Measure Means (F) Sig.*
Group

Green Red White Yellow

n=1 n=7 n=1 n=1

HGB 11.600 | 11.257 | 12.400 12.400 | 1.121 | 0.412

HCT 33.400 | 33.343 | 36.400 36.200 | 0.868 | 0.508

MCV 74.300 | 76.414 | 75.600 77.600 | 0.036 | 0.990

RDW 13.800 | 15.000 | 14.300 14.200 | 0.172 | 0.911

Ferritin | 57.800 | 16.471 | 14.800 35.500 | 5.994 | 0.031*

* The mean difference is significant at the 0.05 level.
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Chapter 5

Discussion
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To our knowledge this is the first study in the Palestinian literature of iron
deficiency in children with autism. In this study, it has demonstrated that
20% of children with autism had law serum ferritin, 13.3% had iron
deficiency anemia. These findings confirmed that iron deficiency and
anemia are common in autism, in parallel with previous reports (Bilgic et

al., 2010, Dosman et al., 2007, Latif et al., 2002).

Iron deficiency, with or without anemia, can impair cognition and affect,
and is associated with developmental slowing in children and mood
changes and poor concentration (Latif et al., 2002). Latif et al. (2002)
showed high prevalence of iron deficiency in children with autism, which
could potentially compromise further their communication and behavioral
impairments. This finding makes a warning sign that iron deficiency has
higher tendency to be iron deficiency anemia in future among autistic

children; if not discovered and treated (Latif et al., 2002).

This study was performed because of the important role of iron, lack of
iron has related to negative cognitive, social, and emotional effects that
may lead to irreversible behavioral sequels (Carter, 2010; Lozoff, 2007).
Oski et al. (1983) stated that iron depletion means that erythropoiesis is
normal but iron stores are reduced (serum ferritin <12ug/l), indicating a
reduction of iron in the bone marrow, liver and other parts of the
reticuloendothelial system. Iron plays an important part in brain function,

especially during early development of the brain (Oski, 1993). The effect of



57
iron deficiency on psychomotor development is well documented (Lozoff.,

1988; Moffatt et al., 1994; Walter et al., 1989).

In previous studies were investigating the iron status in children with
autism there is a study in Turkey which is in agreement with this study;
made by Herguner et al. (2012) who found that 24.1% of autistic children
had low serum ferritin. While in other study the low serum ferritin results
were “two times and half” higher than this study results; it was a study in
UK, the first study performed in autism and iron deficiency, made by Latif
et al. (2002) who was show a high prevalence of low serum ferritin among
autistic children (52%). In Another study from Canada, Dosman et al.
(2006) reported that ferritin level was low in 8.3% of 1-2-year-old
children, in14.2% of 3-5-year-olds and in 20% of 6-10-years-old. In a
study in Turkey, Bilgic et al. (2010) demonstrated that iron deficiency was
detected in 32.3% of children with autism spectrum based on low serum
ferritin level which is in agreement of this study. These results also about
iron deficiency anemia 13.3% are in agreement with the results of Latif et
al. (2002) who reported that 11.5% of the autistic children were shown to

have iron deficiency anemia.

In this study the hemoglobin (HGB) and hematocrit (HCT) were
significantly lower in autistic group than the other two groups. Low HGB
and HCT levels are considering as the biggest risk that autistic children

might face; that is the condition of anemia (Herguner et al., 2012).
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In the current study the age was divided in two categories: pre-school age
(from 3 to less than 6 years old), and school age (from 6 to 13 years old);
the difference in incidence of iron deficiency between the categories was
considerable: the pre-school aged children have low serum ferritin 33.3%
than school aged children 11%. Similar results were obtained by Herguner
et al. (2012) who reported that low serum ferritin was more prevalent in

preschool-aged than school-aged children (32.4% vs. 20.3%).

In the autism group in this study, four children were anemic (13.3%) three
were male and one was a female. Analyzing the results of gender
differences within the affected children in the study group, there was an
association between gender and iron deficiency anemia. This result
indicates that these differences for males, this results are in contrast with
the study of Latif et al. (2002) which showed that six children were anemic

(11.5%) five were male and one was female.

Children with autism frequently have narrow food preferences, according
to shape, texture, or color (Cornish, 1998) as it is the case in this study
which was showed that selectivity of food confined in color of food
(33.3%) from the autistic group; especially red color 23% (7/30), However
Cermak (2010); Herndon (2009); Johnson (2008) and Xia (2010) reported
that inadequate dietary iron intake was considered as a cause of iron
deficiency, and low iron intake was thought to be associated with food

selectivity which is commonly seen in children with autistic disorder.
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In another research; feeding selectivity with food are a major concern in the
majority of children of the autistic spectrum, there may be selectivity
regarding the shape, color, smell and consistency of food and the way it is
presented to the child (Baron-Cohen and Bolton; 1993). It was proposed
that ID is associated with narrow food selection, and because this problem
iIs more evident in preschool children. ID is more frequent in this age

group (Cornish, 1998; Dosman et al., 2007).

This study report that autistic children had high frequency of snacks per
day, one of the explanation may be related to behavioral therapy which has
been noticed to be adopted in rehabilitation centers; the therapy would be
based in these cases that given, as most positive reinforcement to the child,
candies were given to the child when he/she performs an achievement to
encourage him/her, and these several shacks based on candies per day

would make the child replete when he takes his meal.

In this study regarding the gastric dysfunction that manifest by unusual
annoying symptoms as diarrhea, constipation, vomiting, gazes or
abdominal distention, there were no significant differences between autistic
group and other two control groups, in contrast to Horvath (1999) who
reported that “twenty-two” of “twenty-five” autistic children (88%) had
symptoms such as nighttime awakening with irritability, signs of
abdominal discomfort, or pushing on the. This study also is not congruent
with a study of Wakefield et al. (1998) that described intestinal dysfunction

in children with autistic spectrum disorder and D’Eufemia et al. (1996) that
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reported increased intestinal permeability in 9 of 21 (43%) patients with
autistic disorder. The report of Wakefield et al. (1998) represents the first

effort to evaluate the gastrointestinal tract in children with autism.
5.1 Conclusion

Results of this study indicated that there is association between autism and
the occurrence of iron deficiency and iron deficiency anemia; which may

be explained by feeding difficulties and food selectivity.
5.2 Limitations & Strength

The first limitation is a restricted budget for the project that lead the

researcher to limit the sample size of the study.

During the work the author felt a pressing need to ensure the diagnosis of
the children and to evaluate the severity of autistic symptoms:
unfortunately in our Palestinian health system there is an absence of

scientific diagnostic tools for this specific porpoise.

The strength of this study is that it represents the first of its kind in
Palestine. Internationally it’s the only study design to take control groups.
In the two Turkish studies conducted by Bilgic et al. (2010) & Herguner et
al. (2012) correlation of results was made to another study measuring iron

deficiency in typically developing children.

Another strength of this study is that it contained a food habit survey

related to low serum ferritin. Which in previous studies were taken only



61
into consideration low serum ferritin alone or in relation with the severity

of autistic symptoms was considered.
5.3 Recommendations

The author recommend that all children diagnosed with autism should
have a full blood count and that their serum ferritin should be measured as
part of their routine investigation, especially if they are selective with food

and their diet has low iron content

Iron supplementation should continue to be recommended to all children
with low serum ferritin; as well as to all children between 6 month and 2

years of age in order to avoid developing iron deficiency anemia in future.

Involvement of an experienced pediatric dietitian in children with autism is
an important part of their management to enhance adequate dietary iron

intake and other beneficial elements and proteins.

A large multicenter study is needed in order to determine the exact
prevalence of iron deficiency in children with autism and its effect on their

behavior and learning.
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Appendix

Questionnaire

= Background information:

e Age:.....years old.

e Gender: OMale 0O Female

e Method of delivery: ONormal delivery  OCesarean section

e Age of mother on delivery:.......

e Duration of pregnancy: O Full term O Premature

= Parent information:

Father:- Mother:-

Age:...... Age:.......

o] s T Job:........

If the parents divorced or one of them died:.............................o.l.
= Food habit :-

e Frequency of meals per day?.....................

e Frequency of snacks per day?.............

Is there a favorite food?............ If yes what?........cccovvvviiiineiinnn,

.............................................................................
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e |s there a favorite form of food?............ If yes what?.................

.............................................................................

e Do you have unusual annoying symptoms?
» Abdominal pain

Diarrhea

Constipation

Vomiting

[ )
Q
=
5
o
=
w2

= Do you take permanent medications?............. If yes what?.................
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Budget

Table 17 Budget

Material Costs

Lab tests (CBC, Serum Ferritin) 1000%

Transportation 200%
Printin 200%
SPSS Analyses 100$
Total cost 1500$
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