
Saudi Journal of Biological Sciences 29 (2022) 2749–2755
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Original article
Risk factors in autism spectrum disorder: A Tunisian case-control study
https://doi.org/10.1016/j.sjbs.2021.12.059
1319-562X/� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: Faculty of Pharmacy of Monastir, University of
Monastir, 5000 Monastir, Tunisia.

E-mail addresses: senda.slama.hassen@gmail.com, slama.sinda@gmail.com
(S. Slama).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Senda Slama a,⇑, Wael Bahia a, Ismael Soltani a, Naoufel Gaddour b, Salima Ferchichi a

aResearch Unit of Clinical and Molecular Biology, UR17ES29, Department of clinic biology A, Faculty of Pharmacy of Monastir, University of Monastir, Tunisia
bDepartment of Psychiatry, Fattouma Bourguiba University Hospital, Monastir, Tunisia

a r t i c l e i n f o
Article history:
Received 12 October 2021
Revised 20 December 2021
Accepted 28 December 2021
Available online 4 January 2022

Keywords:
ASD
Breastfeeding duration
Advanced paternal age
Lipid profile
Erythrocyte magnesium
a b s t r a c t

Background: Autism spectrum disorder (ASD) is a neurodevelopmental condition that causes disability in
social interaction, communication, and restrictive and repetitive behaviors. Common environmental fac-
tors like prenatal, perinatal, and/or postnatal factors play a key role in ASD etiologies. Moreover, specific
metabolic disorders can be associated with ASD.
Subjects and methods: We performed a retrospective case-control study in child psychiatry clinics, involv-
ing 51 children with ASD and 40 typical development controls (TDC).
Results: We found a correlation between children being breastfed for less than 6 months, having fathers
more than 40 years old at childbirth in ASD compared to TDC group. Our study also associated low blood
cholesterol and low erythrocyte magnesium levels with increased risk for ASD.
Conclusion: Findings support the implication of total cholesterol (TC) and erythrocyte magnesium level in
defining autism outcome.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Autism spectrum disorders (ASD) are a group of neurodevelop-
mental disabilities. The main symptoms of autism include impair-
ments in social interaction and communication, as well as the
presence of restricted and repetitive behaviors (Kocsis, 2013).

Approximately 52 million people worldwide suffer from ASD
(Baxter et al., 2015). Based on the latest Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition DSM-IV, the preva-
lence of ASD has risen dramatically in the recent years as 1 in 68
children have been diagnosed (Baio et al., 2018).

In Middle East and North Africa region, there are limited data
about ASD prevalence. However recent retrospective descriptive
study conducted between 2011 and 2018 estimated the prevalence
of ASD at 20.35 per 10.000 in Oman and that this prevalence
increased 15 times since 2011 (Al-Mamari et al., 2019). More
recently, in Saudi Arabia, a cross-sectional work that included 37
ASD centers and schools in Makkah and Jeddah between January
and March 2020 showed that prevalence of ASD was 2.81 per
1,000 children for both cities (Sabbagh et al., 2021).

This expansion necessitates exploring the role of genetic and
environmental factors associated with ASD. Despite the highly
reported heritability of ASD, some environmental factors can influ-
ence the risk of ASD, including advanced paternal age at childbirth
or breastfeeding period, for instance (Hultman et al., 2011; Tseng
et al., 2019).

One of the major perinatal risks for ASD is parental age. Having
children at later paternal ages increases the risk and is commonly
called ‘‘paternal age effect disorders” (PAE) (Sharma et al., 2015).
PAE was confirmed in Omani study conducted between January
2015 and June 2016 showing that both maternal and paternal
increased age are correlated with higher risk of ASD (Al-Mamari
et al., 2021).

Current evidences indicate that breastfeeding (BF) is a protec-
tive postnatal factor for childhood cognitive development. BF could
impact cognitive development via the nutritional or hormonal con-
tent of breastmilk, or via the social contact between mother and
child during the act of nursing (Belfort, 2017). Moreover, high
intelligence quotient (IQ) in childhood is highly correlated with
BF (Horta et al., 2018). According to recent data from 2018, Tunisia
has a breastfeeding rate of 13.5%, among the lowest in the world,
with less than a third of newborns put to the breast during the first
hour of life. ASD prevalence in Tunisia is ̴ 35/10000 (Gaddour et al.,
2012).
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Recently, lipid metabolism has been suggested to have impor-
tant roles in ASD etiology (Luo et al., 2020). Abnormal lipid profiles
inducing autism pathogenesis have been proposed, however mech-
anisms remain unclear. Recent studies demonstrated decreases in
total cholesterol (TC) (Tierney et al., 2006), high-density lipopro-
tein cholesterol (HDL-C) and an increase in total triglyceride (TG)
(Luçardo et al., 2021) in the blood plasma of children with ASD.
Recent Egyptian hospital-based study confirmed that children with
autism syndrome have lowest level of cholesterol compared to
control group (Hassan et al., 2019). Other studies also demon-
strated that the Smith–Lemli–Opitz syndrome (SLOS), which is a
malformation syndrome resulting from an inborn error of choles-
terol biosynthesis, is associated with ASD (Bukelis et al., 2007).

In order to investigate certain ASD risk factors, in a cohort of
Tunisians patients, this case study focused on two key factors.

The first part of the study aimed to explore prenatal, perinatal,
and postnatal factors potentially associated with ASD. The second
part explored biochemistry parameters in plasma and erythrocyte
of children with ASD.
2. Subjects and methods

2.1. Description of the population

Fifty-one children with ASD age range between 3 and 16 years
old (40 boys. and 11 girls; with a mean age of 7.30 ± 3.2 years)
were recruited from August 2018 to April 2019 at the Department
of Child and Adolescent Psychiatry in Fattouma Bourguiba Univer-
sity Hospital, Monastir, Tunisia and at the Department of Child and
Adolescent Psychiatry in Farhat Hached University Hospital,
Sousse, Tunisia.

Forty typical development controls age range between 3 and
14 years old (25 boys. and 15 girls; with a mean age of 5.98 ± 3.
12 years) were recruited in the same period. Control participants
were randomly selected. They were not known to have any neu-
rodevelopmental or behavioral disruptions that might be related
to ASD. The control group consisted exclusively of patients diag-
nosed with simple conditions like flu or a simple routine physical
examination.

Intervention and control groups were heterogenic in terms of
etiologic characteristics. The initial diagnoses of ASD were estab-
lished by an experienced psychiatrist based on the classification
system stated in the Diagnostic and Statistical Manual of Mental
Disorders fifth edition DSM-V criteria (American Psychiatric
Association and Association, 2013).

The following references were applied to confirm the diagnosis
of ASD: The Childhood Autism Rating Scale CARS (Schopler et al.,
1980), Autism Diagnostic Observation Schedule, Second Edition
ADOS-2 (Lord et al., 2012), and Autism Diagnostic Interview-
Revised ADI-R (Lord et al., 1994).

Information regarding use of psychotropic medication
(antiepileptic. antipsychotics and stimulants) was obtained from
participant medical charts.
2.2. Sampling protocol

All the families of participants received information about the
protocol from child psychiatrist and the first author. They also
signed a consent form. The study was approved by the University
of Monastir Ethical Committee.

Patients’ parents who agreed to participate had appointments
for their children for a fasting blood test. On the day of the blood
test, the parents fill out an information sheet that contains infor-
mation about them and their children. Data were kept private
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and confidential and parents were informed of test results by the
author and the child psychiatrist.

Blood samples (4 ml) were obtained from each child after a 12-h
overnight fast. We measured plasma lipids and lipoprotein concen-
trations including Total-Cholesterol (T-Chol), High-density
lipoprotein (HDL), and Triglycerides (TG). Low-density lipoprotein
(LDL) concentration was calculated as [LDL-C = T-Chol �
(TG/5 + HDL-C)]. We also measured fasting blood glucose (FBG),
renal profile (urea, uric acid, creatinine), hepatic profile (ASAT,
ALAT), sodium, potassium, chloride, calcium, iron, as well as mag-
nesium. To determine erythrocyte magnesium, we centrifuged the
samples at 2000 rpm for 5 min, thrawed the supernatant, and kept
the red blood cell pellet for hemolysis. Deproteinization was
achieved with sodium tungstate. All metabolites were quantified
using a routine clinical biochemistry automatic analyzer Unicel
DxC600 synchron Clinical Systems (Beckman Coulter).
2.3. Statistical analysis

Data distributions are reported as mean ± standard deviation for
continuous variables and as number (percentage) for categorical
variables. The chi-square test was used to measure the statistical
differences between classes of categorical data. In the case of a
small sample, the non-parametric Fisher exact test replaced the
chi-square test. Logistic regression analyses were used to evaluate
the impact of environmental factors on ASD risk and the adjusted
odds ratios (ORs) assessed with 95% confidence intervals (CIs).
Metabolic parameters for both groups were compared to age and
gender-based normative data from the Tunisian population study.
All statistical analyses were performed using SPSS 25.0 with a cut-
off p-value < 0.05 was used for all tests of statistical significance.
3. Results

3.1. Population characteristics

The anthropologic characteristics of cases and controls were
compared in Table 1.

As expected, the majority of ASD participants were males
(78.4%). Indeed, is has been reported that males are more fre-
quently diagnosed with ASD than females with a ratio of 4:1
(Fombonne, 2005). The descriptive statistics of the ASD group
showed that 15.7% of children with ASD were treated with Risperi-
done, a serotonin antagonist neuroleptic that effectively reduces
aggressive behavior and irritability. The mean age of fathers at
childbirth and breastfeeding duration were significantly different
between cases and controls (P = 0.001; P = 0.004 respectively).

In the logistic regression analysis in which no covariates were
included, a positive and significant correlation was found between
children who were breastfed for less than 6 months and risk for
ASD. A similar observation was found for children whose fathers
were older than 40 years. The adjustment with mother’s age at
childbirth increased the risk with RR = 3.16 (p = 0.001) compared
to the TDC group (Table 2).
3.2. Plasma metabolic profile

The metabolic profile of patients receiving Risperidone was
assessed and compared to untreated cases within the ASD group.
No association was found between lipid profile, FBG, and erythro-
cyte magnesium levels in those receiving Risperidone treatment
(result not shown). Also, both conditions (with and without treat-
ment) were compared as one ASD group with the control group
TDC.



Table 1
ASD and TDC group clinical Data.

Clinical Profile ASD N(%) TDC N(%) P value

Gender 0.095a

Male 40 (78.4) 25 (62.5)
Female 11 (21.6) 15 (37.5)
Class of age (years) 0.141a

� 4 14 (27.5) 19 (47.5)
5 to 9 27 (52.9) 15 (37.5)
� 10 10 (19.6) 6 (15)
Birthweight (kg) 0.399b

< 2.5 2 (3.9) 4 (10)
> = 2.5 49 (96.1) 36 (90)
PregnancyNatural 3 (5.9) 40 (100) 0.253b

In vitro fertilization (IVF) 48 (94.1)
Prematurity 0.460b

Yes 5 (9.8) 2 (5)
No 46 (90.2) 38 (95)
Delivery 0.305a

Vaginal delivery 36 (70.6) 32 (80)
Cesarean section 15 (29.4) 8 (20)
Breastfeeding (months) 0.004a*
< 6 18 (35.3) 3 (7.5)
6 to 12 14 (27.5) 14 (35)
>12 19 (37.3) 23 (57.5)
Mother age at child’s birth (years) 0.341a

< 35 38 (76.5) 27 (67.5)
� 35 12 (23.5) 13 (32.5)
Father age at child’s birth (years) 0.001a*
< 40 31 (60.8) 37 (92.5)
� 40 20 (39.2) 3 (7.5)
Difference in age between parents (years) 0.364a

< 10 41 (80.4) 35 (87.5)
� 10 10 (19.6) 5 (12.5)
Consanguinity 0.542b

Not related 42 (82.4) 37 (92.5)
First degree – 2 (5)
Second degree 3 (5.9) 1 (2.5)
Third degree 6 (11.8) –
Risperidone treatment –
Yes 8 (15.7) –
No 43 (84.3)
Family risk factorsNo Family history of ASD 22 (43.1) – –
Sibling history of ASD 9 (17.6)
Family history of ASD 5 (9.8)
Other psychiatric family history 15 (29.4)

aChi-square test, bFisher’s exact test, * p < 0.05

Table 3
levels of biochemical parameters in the blood plasma and erythrocyte of children
with ASD (n = 51) and TDC (n = 40) expressed as mean ± SD.

TDC group ASD group Sig.

Mean ± SD Mean ± SD

Total cholesterol TC
(mmol/l)

3.54 ± 0.561 3.80 ± 0.927 0.032b*

Triglycerides (mmol/l) 0.62 ± 0.216 0.81 ± 0.432 0.199b*
HDL-C (mmol/l) 1.14 ± 0.313 1.17 ± 0.344 0.872b

LDL-C (mmol/l) 2.12 ± 0.439 2.28 ± 0.710 0.256b

Urea (mmol/l) 3.98 ± 1.084 3.92 ± 0.965 0.502b

Uric acid (mmol/l) 211.30 ± 55.419 226.37 ± 55.859 0.593b

Creatinine (mmol/l) 27.83 ± 4.031 30.71 ± 6.685 0.143a

ALT (U/l) 13.65 ± 3.424 14.61 ± 5.020 –
AST (U/l) 29.70 ± 5.954 33.57 ± 9.281 0.502b

FBG (mmol/l) 4.69 ± 0.466 4.95 ± 0.494 0.077b

Sodium Na+ (mmol/l) 137.85 ± 2.155 137.59 ± 2.816 0.477b

Potassium K+ (mmol/l) 4.39 ± 0.344 4.55 ± 0.457 0.140a

Chloride Cl- (mmol/l) 103.63 ± 1.970 103.33 ± 2.479 0.502b

Calcium Ca (mmol/l) 2.38 ± 0.103 2.34 ± 0.142 0.502b

Iron Fe (mmol/l) 10.55 ± 5.804 11.18 ± 5.881 0.672a

Magnesium Mg (mmol/l) 0.823 ± 0.066 0.802 ± 0.096 0.176bb

Erythrocyte Mg (mmol/l) 1.78 ± 0.447 1.48 ± 0.417 0.020b*
Total Protein Pr (mmol/l) 71.60 ± 3.045 73.04 ± 3.709 –

a: Chi-square test b: Fisher’s exact test, SD: standard deviation, * Sig < 0.05
HDL-C: High density lipoprotein-cholesterol, LDL-C: Low density lipoprotein-
cholesterol.
ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, FBG: fast blood
glucose.
-: no statistics were computed because all the categories were in the normal range.
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Plasma biochemical profiles of the two study groups are shown
in Table 3. We compared the levels of biochemical parameters of
each group with the reference range of the Tunisian population
after adjustment for age. Only total cholesterol (TC), triglycerides
(TG), and high-density lipoprotein cholesterol (HDL-C) levels were
adjusted for age and gender. Each continuous variable was trans-
formed in to a categorical variable of 3 classes: Normal, Low, and
High. There was a significant difference in total cholesterol (TC)
(P = 0.032) and erythrocyte magnesium levels (p = 0.020) between
the study groups.

As showed in Fig. 1, the logistic regression analysis showed that
the ASD group had lower levels of total cholesterol (TC) (p = 0.04)
compared to the TDC group.
Table 2
Logistic regression analysis of breastfeeding and parental age in children with ASD.

RR B

ASD*FA � 40 years 1.91 2.07
ASD*FA � 40 years and MA � 35 years 3.16 2.42
ASD *BF < 6 months vs 6 � BF < 12 months 1.73 1.84
ASD*BF < 6 months vs BF � 12 months 1.97 2.09

Sig: significance following logistic regression. TDC as reference group *: significance < 0
FA: father’s age, MA: mothers age, BF: breastfeeding, RR: relative risk.
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There was no significant difference in the mean plasma TG,
HDL-cholesterol and LDL-cholesterol levels between the two
groups (P = 0.199, P = 0.872, P = 0.256, respectively) as reported
in Table 3.

The adjustment for age showed a lower erythrocyte magnesium
concentration (P = 0.02) in ASD children compared to the control
group (Fig. 2).

Other measures like urea, uric acid, creatinine, Alanine Amino-
transferase (ALT), Aspartate Aminotransferase (AST), fast blood
glucose (FBG), sodium (Na + ), potassium (K + ), chloride (Cl-), iron
(Fe), and proteins (Pr) concentrations did not differ among the
study groups (Table 2).
4. Discussion

4.1. Association between breastfeeding and ASD

World Health Organization (WHO) recommends to mothers to
breastfeed their children exclusively for the first 6 months. After,
mothers can complement with safe and adequate food with con-
tinued breastfeeding up to at least 2 years old. Before 6 months,
breast milk is sufficient for the majority of children’s needs. It con-
tains more than 200 components that provide the energy and
nutrients required. After age 6 months, complementary feeding
becomes necessary to fill energy and nutrient gaps (Organization,
2010).
Sig Exp(B) 95% CI

4 0.002* 7.957 (2.160–29.312)
0 0.001* 11.251 (2.723–46.494)
6 0.011* 6.333 (1.523–26.341)
1 0.003* 8.093 (2.067–31.687)

.05.



Fig. 1. Lipid profile level in blood plasma. The distribution of lipid profiles is expressed as percentage of number of individuals. The distributions are illustrated with box and
whisker plots for the TDC (light gray) and ASD (dark gray) group. P-value is significantly different at p < 0.05, according to logistic regression test.
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Regarding its potential etiologic role in ASD, breastfeeding has
been the subject of multiple studies that showed that it is not only
beneficial for protection against many diseases and also plays a
protective role for risk of autism (Mortensen et al., 2002; Sacker
et al., 2006; Schultz et al., 2006; Gallup and Hobbs, 2011).

This case-control study shows that BF for less than 6 months
was significantly higher in children with ASD than the control
group. Correlation is even higher when the breastfeeding period
exceeded 12 months compared to children breastfed for less than
6 months with 1.97 more likely to develop ASD compared to the
control group (TDC). Similar data were found in a case control
study with more than 860 children with ASD and it confirmed a
strong correlation between BF less than 6 month and developing
autistic spectrum disorder (Schultz et al., 2006).

It has been reported also that prolonging breastfeeding is asso-
ciated with better cognitive development and reduced autistic fea-
tures in a multicenter study from Spain (Boucher et al., 2017).

Another study investigated optimal breastfeeding practices, and
found that immediate breastfeeding after birth, increasing the
exclusive breastfeeding period, and continued breastfeeding
decrease the risk of ASD (Al-Farsi et al., 2012).
Fig. 2. Magnesium level in blood plasma and in erythrocytes. Distribution of magnesium
illustrated with box and whisker plots for the TDC (light gray) and ASD (dark gray) grou
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Several hypotheses were proposed to explain the protective role
of breastfeeding. Some researchers investigated breast milk com-
position and claimed that compared to infant formula, breast milk
is richer in nutrients which can support emotional and cognitive
growth of infants and protects them from many diseases (Belfort,
2017). Insulin-like growth factor IGF-1 stimulates neuron cell pro-
liferation, promotes tissue growth and development and may
improve cognitive development of babies and protect them against
autistic traits (Steinman and Mankuta, 2013). Other studies sug-
gested that breastfeeding promotes mother-infant connection
through the transmission of oxytocin in breast milk (Lee et al.,
2015). It contributes to social recognition, social bonding, and neu-
rodevelopment in the infant, reduces the mother’s stress, and may
reduce autism risks.

4.2. Association between advanced paternal age and ASD

Parent age at birth remains an important issue to take into con-
sideration when studying the risk for ASD. In this study, children
with fathers age older than 40 years old at childbirth were 1.91
more likely to develop ASD compared to the TDC group. Children
profile is expressed as percentage of number of individuals. The distributions are
p. P-value is significantly different at p < 0.05, according to logistic regression test.
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whose father’s age exceeded 40 years and mother’s age higher than
35 years at childbirth were 3.16 more likely to develop ASD. Sim-
ilarly, a large study in Swedish population showed an increased
risk for ASD in children whose fathers were older than 45 years
(hazard ratio [HR] = 3.45; 95% CI, 1.62–7.33) compared to children
born to fathers 20–24 years old (D’Onofrio et al., 2014).

To explain the association between parental age and psychiatric
disorders, two hypotheses are postulated.

The first hypothesis suggests that older men pass more genetic
disease-causing mutations to their offspring, compared to younger
fathers, because occunence of the ‘‘de novo mutations”. It’s has
been reported that the older men are at the time of childbearing,
the more spontaneous mutations they pass on to their children.
Some of these mutations are believed to be involved in autistic dis-
orders and schizophrenia (Kong et al., 2012). Of note, this hypoth-
esis does not consider the mother age’s, because, unlike
spermatozoa which are produced throughout adulthood, women
ovarian is set from birth.

The second hypothesis concerns impairments in epigenetic
modifications causing damage to chromatin structure and DNA-
methylation patterns, which lead to altered brain gene expressions
and subsequent behavioral problems (Milekic et al., 2015).

4.3. Lipid profile and magnesium profile

In this study, total cholesterol was determined as lower in chil-
dren with ASD compared to the normal range in the Tunisian pop-
ulation adjusted for age and gender. It has been reported that
children with ASD have a significantly lower blood cholesterol
level suggesting that sterol metabolism or homeostasis disorders
may be associated with ASD (Tierney et al., 2006). In a cross-
sectional study, the blood serum of 60 children with ASD was
assayed for triglycerides by a colorimetric enzymatic reaction
and 50% of the sample was found to have elevated triglycerides
(Luçardo et al., 2021). Other researchers have reported associations
between hypercholesterolemia and Asperger syndrome
(Monteleone et al., 2005; Dziobek et al., 2007).

According to a genome study (Luo et al., 2020), there are differ-
ent subtypes of ASD with each subtype affected by mutations in
specific sets of genes. Interestingly, some of these genes are
involved in lipid metabolism. Further studies are needed to iden-
tify which ASD subtypes are associated with abnormal blood lipid
profiles.

Previous studies associated dyslipidemia and autism in patients
with Smith-Lemli-Opitz syndrome (SLOS) (Sikora et al., 2006),
a rare congenital disorder caused by mutations in
7-dehydrocholesterol reductase (DHCR7) genes, and consequent
perturbation in the encoded reductase enzyme, a precursor of
cholesterol biosynthesis. Blood analysis of children with SLOS
reveal high concentrations of 7-dehydrocholesterol and low
cholesterol levels. Furthermore, 75% of children with SLOS have
common symptoms with ASD (Sikora et al., 2006; Bukelis et al.,
2007). Dietary cholesterol supplementation has shown to improve
autistic behavior in children with SLOS (Sikora et al., 2006; Luo
et al., 2020).

Some of the patients was taken the Risperidone as medication,
and a contrario to a study suggesting that psychoactive medica-
tions including antipsychotics can increase triglycerides, LDL-C,
and decrease HDL-C (Jacobson et al., 2014), no correlation between
Risperidone intake and lipid profile levels was detected in the cur-
rent study.

Magnesium (Mg) is the second most abundant intracellular
mineral in the body and an essential factor for cellular activity
(Volpe, 2013). In this study, the concentration of Mg in the plasma
of children with ASD was lower in comparison to TD children. In
line with this data, published studies showed a correlation
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between low Mg concentrations and ASD (Tschinkel et al., 2018;
Wu et al., 2019; Guo et al., 2020). Magnesium is involved in several
metabolic functions, hence, a diminution in magnesium may be
associated with many clinical diseases including neuropsychiatric
problems. Some evidence suggest that chronic low blood levels
of Mg might also lead to growth retardation and behavioral
changes (Johnson, 2001). It may also be implicated in ASD,
attention-deficit/hyperactivity disorder and developmental delay
(Adams et al., 2004). An interesting study investigated the implica-
tion of magnesium in learning and memory in the rat hippocam-
pus. The results suggests that increasing magnesium improves
learning capabilities, short-term synaptic facilitation and long-
term memory through induction of synaptic plasticity and potenti-
ation of synaptic transmission (Slutsky et al., 2010).

Additionally, we determinate that erythrocyte magnesium was
notably lower in children with ASD compared to the control group,
similarly to previously reported data, were low erythrocyte mag-
nesium levels were found in 33 children with clinical symptoms
of ASD (Mousain-Bosc et al., 2004). The same group reported that
treatment with a combination of magnesium and vitamin B6 for
6 months significantly reduced autism symptoms in 23 children
with correction of erythrocyte magnesium concentrations
(Mousain-Bosc et al., 2006). Also, lower erythrocyte magnesium
levels were found in patients with schizophrenia (Nechifor,
2011). Two hypotheses could explain the erythrocyte Mg reduction
in children with ASD:

The first hypothesis suggests that metabolic inhibition of mem-
brane Na+/K+ ATPase is associated with an increase in intracellular
calcium and a reduction in intracellular Mg2+ (Kurup and Kurup.
2003). The second hypothesis suggests a genetic defect in magne-
sium transport that may occur through the plasma membrane Na+-
Mg2+ exchanger (Ebel and Günther, 2005).

5. Conclusion

This case-control study provides support a protective role of
breastfeeding against risk for ASD, and that advanced paternal
age is a risk factor for developing ASD. In parallel, some metabolic
profiles of children with ASD, especially blood cholesterol and ery-
throcyte magnesium levels differ from controls. Small limitations
of this study include the sample size and the lack of age and sex
normalization between the two groups.
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