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INTRODUCTION 

Autism spectrum disorders (ASD) are char-
acterized by difficulties in social communication, 
restricted and focused interests, speech deficits, 
and language delays (Vogindroukas et al., 2022). 
The DSM-uses these first two characteristics to 
diagnose ASDs. People with ASDs may also pres-
ent with other signs such as intellectual disability, 
anxiety, depression, attention deficit disorder, hy-
peractivity, impulsivity, seizures, gastrointestinal 
problems, sensory disorders, aggression, meta-
bolic problems, sleep disorders, motor difficulties, 
and altered immunity, resulting in a significant 
diversity in the clinical characteristics of people 
with ASDs (Wiggins et al., 2019).  The WHO de-
scribes it as a complex condition affecting vari-
ous aspects of life, such as social interaction, 

communication, learning, and behavior (Bami-
cha and Drigas, 2022). Autism spectrum disor-
der (ASD) is recognized in approximately 1 in 
54 children in the United States, according to 
the Centers for Disease Control and Prevention. 
Prevalence rates vary in Europe, from 1 in 210 
to 1 in 32, and in Asia, from 1 in 322 to 1 in 20 
(Xu et al., 2019).

The history and explanation of ASD are 
linked to the development of the understanding 
of metals as a risk factor (Hertz‐Picciotto et al., 
2018). Since the work of Leo Kanner and Hans 
Asperger , the debate has revolved around the 
contribution of genetic and environmental fac-
tors to ASD (Jackman and Zwaigenbaum, 2023). 
Recent advances in genetics, particularly in DNA 
sequencing, highlight the importance of genetic 
aspects (Goldfeder et al., 2016). The Simons 
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Foundation Autism Research Initiative database 
lists 1,095 genes linked to ASD, underscoring the 
strength of the genetic evidence up to October 
2022 (Caporale et al., 2022). In contrast, few envi-
ronmental factors linked to ASD have been identified 
over the decades, which may be the result of a lack 
of research tools and techniques. This creates con-
troversy about the respective roles of hereditary and 
environmental factors in ASD. Despite this, people 
with ASD generally present the same main symp-
toms, suggesting a complex combination of heredi-
tary and environmental factors affecting a potentially 
common brain mechanism (Tordjman et al., 2014). 
This pathological mechanism is linked to abnormal 
synaptic processes, according to current data. Over 
the last decade, there has been an uptick in ASD di-
agnoses, possibly due to increased exposure to pol-
lution and metals (Bjørklund et al., 2018). The ‘poor 
excretory theory’ posits that autistic children might 
have difficulty expelling metals from their bodies. 
Discussions on heavy metal pollution and ASD have 
been ongoing since the 1970s, primarily because of 
the higher lead levels in autistic children (Gorini et 
al., 2014). Although genetic and environmental 
factors (Fig. 1) are involved, the exact causes of 
ASD remain partially understood because of the 
timing of exposure and limited biological sam-
pling (Hertz‐Picciotto et al., 2018).

Recent studies on ASD and metals under-
score the significance of integrating exposure 
data with lifestyle and social factors. They uti-
lize diverse biological samples like hair, nails, 
and teeth to track metal exposure history, with 
blood and urine serving for short-term exposure 
assessment (Yu et al., 2024). Initial epidemiologi-
cal findings indicating the potential involvement 
of toxic heavy metals in ASD have validated the 
concept of ‘heavy metal pollution’ as a contrib-
uting factor (Ding et al., 2023). While the exact 
definition of a ‘heavy metal’ may vary concern-
ing ASD and human health, it typically denotes 
elevated levels of harmful metals such as lead 
(Pb), nickel (Ni), cadmium (Cd), and mercury 
(Hg). Current evidence indicates a notable con-
nection between disruptions in the intestinal mi-
crobiota and lead exposure in ASD development 
(Tizabi et al., 2023a). Lead, a hazardous heavy 
metal, correlates with various health issues, in-
cluding anemia, encephalopathy, and gastrointes-
tinal disorders, notably linked to ASD’s cognitive 
and behavioral traits (Saghazadeh and Rezaei, 
2017). Exposure to lead and mercury can disrupt 
the intestinal flora, which is critical for overall 
well-being. The intestinal microbiota crucially 
impacts multiple physiological and psychologi-
cal functions (Tizabi et al., 2023b), while heavy 

Figure 1. The heavy metal intoxication and nutritional profiles in children with 
autism spectrum disorder were influenced by various factors
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metal exposure can induce toxic effects, even at 
minimal levels, affecting various biological sys-
tems, especially neurobiological and enzymatic 
ones. This leads to prolonged cellular oxidative 
stress, potentially impairing cell communication 
and leading to apoptosis. Conversely, trace ele-
ments are beneficial, mitigating oxidative stress 
and participating in enzymatic and hormonal re-
actions (Wróblewski et al., 2023).

Morocco, along with several other countries 
like the USA, various African nations, and In-
dia, contends with metal pollution resulting from 
its prevalent semi-arid climate in many regions, 
compounded by industrial contamination (Azdem 
et al., 2024; Azhari et al., 2022) Consequently, 
there’s a noticeable risk to children, considering 
the observed rise in ASD cases in recent years 
(Neggers, 2014). Unraveling the mechanisms be-
hind this problem presents a considerable chal-
lenge to researchers due to the intricacies in-
volved in conducting a comprehensive analysis 
within a single study. The primary goal of this ex-
ploratory study is to investigate possible connec-
tions between heavy metal exposure in children 
diagnosed with ASD and their nutritional and 
metabolic profiles. This investigation involves 
conducting stool microbiology tests to evalu-
ate microbiota composition, analyzing urine for 
organic acid levels, and measuring heavy metal 
concentrations in hair samples. 

The specific aims of this exploratory investi-
gation are to evaluate the effects of heavy metal 
poisoning on the metabolic and nutritional pro-
files of 20 Moroccan children diagnosed with au-
tism spectrum disorder (ASD) by:
1.	Analyzing the concentrations of both toxic 

and essential metals in the hair samples of 
children with autism.

2.	Assessing the influence of heavy metal exposure 
on factors such as intestinal dysbiosis, neurotrans-
mitter production, disruptions in mitochondrial 
activity, and elevated levels of oxalates.

MATERIAL AND METHOD

Data collection

This exploratory study involved children di-
agnosed with autism spectrum disorders from di-
verse urban regions in Morocco, including Tangi-
ers, Oujda, Rabat, Salé, Casablanca, El Jadida, 
Guelmim, Agadir, and Marrakech. The study was 

conducted from September 2019 to July 2023. We 
used a random sampling method to collect 20 (the 
limited number of samples was a result of insuffi-
cient parental consent) samples from these urban 
areas based on parental consent, comprising 80% 
boys and 20% girls aged between 2 and 9 years 
old. Our investigation focused on evaluating the 
metabolic and nutritional profiles of these chil-
dren, analyzing nearly 100 biological parameters

The primary objective of this exploratory in-
vestigation was to assess the effects of heavy met-
al poisoning on the metabolic and nutritional pro-
files of 20 children diagnosed with autism spec-
trum disorder (ASD) in Morocco. This aimed to 
enhance our understanding of the physiological, 
metabolic, and nutritional dimensions of autism. 
Additionally, we conducted hair tests to evaluate 
heavy metal intoxication and explored its impact 
on the nutritional and metabolic profiles. Data 
collection extended for nearly 4 years, starting in 
September 2019 and concluding in July 2023:

Upon recruitment, each participant underwent 
an initial consultation, which included several steps:
	• Obtaining informed consent from parents, 

documented in both French and Arabic
	• Measuring weight and height using profes-

sional tools
	• Referring children to a doctor for the prescrip-

tion of microbiological tests for feces, hair, 
and organic acids

After receiving medical prescriptions, partici-
pants were directed to a laboratory responsible for 
sending samples of stool, hair, blood, and urine 
to the United States for analysis. Upon receipt of 
the results via email, a comprehensive description 
and analysis of all parameters were conducted.

Statistical analysis

Descriptive statistics analysis is indeed a 
valuable tool in scientific research for several rea-
sons. Firstly, it efficiently gathers and organizes 
large amounts of data, making it manageable and 
structured. This organized approach leads to easi-
ly understandable data outputs, such as frequency 
distributions, percentages, and averages (Cook-
sey, 2020). Additionally, descriptive statistics 
help in determining the standard deviation, which 
gives insights into the variability of the data. One 
of the significant advantages of descriptive statis-
tics is its ability to provide numerical summaries 
that capture occurrences within sample data. This 
summarization process condenses extensive data 
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into a concise format, making it easier to inter-
pret and draw conclusions from. Descriptive sta-
tistics are particularly useful when complex research 
models are not required, as they focus on immedi-
ate data and single factors, allowing researchers to 
derive useful insights efficiently (Alabi and Bukola, 
2023). Moreover, descriptive statistics can also spark 
innovative research ideas by identifying patterns 
and trends within the data. By laying out the basic 
numerical summaries, they serve as a foundation 
for further research, encouraging exploration of sta-
tistical processes and expanding knowledge across 
various fields. In the context of this study, descriptive 
statistical analyses were conducted using IBM SPSS 
Statistics 26 on a dataset containing from the results 
of the analysis of 100 parameters from 9 regions of 
Morocco, which was utilized for the chi-squared test. 
The chi-squared test is a statistical method used to 
determine the presence of a significant association 
between categorical variables (Hazra and Gogtay, 
2016). It is commonly applied to analyze data pre-
sented in contingency tables, showing the frequency 
distributions of multiple categorical variables. Sig-
nificance in the chi-squared test is attributed when 
the p-value is below 0.05, based on two hypotheses: 
H0 (the null hypothesis) and H1 (the alternative hy-
pothesis). The null hypothesis (H0) assumes no as-
sociation between the studied variables, indicating 
their independence, while the alternative hypothesis 
(H1) suggests a significant association, implying 
their interdependence (Stunt et al., 2021). 

RESULTS

This section explains a comprehensive ex-
ploration of potential links between heavy metal 
exposure in children diagnosed with ASD and 
their nutritional and metabolic profiles. It begins 
by elucidating the characteristics of the sample 
population, incorporating the frequencies of the 
studied variables through descriptive analysis. 
Following this, the section delves into examin-
ing the impacts of heavy metal exposure on criti-
cal factors like intestinal dysbiosis, neurotrans-
mitter production, disruptions in mitochondrial 
activity, and the presence of excess oxalates, 
utilizing the chi-squared test.

Descriptive statistics

The study examined 20 pediatric cases di-
agnosed with autism spectrum disorder (ASD) 

in various Moroccan cities. Notably, there was a 
significant male predominance, comprising 85% 
of the cases, consistent with global trends show-
ing a higher ASD prevalence among males. Age-
wise, the cases ranged from 3 to 9 years, with a 
concentration between 4 and 7 years, typical for 
ASD diagnoses. Geographically, the cases were 
spread across diverse cities like Agadir, Rabat, 
Tanger, Casablanca, Oujda, Mohamedia, Nador, 
Marrakech, and El Jadida, indicating ASD’s prev-
alence throughout urban Morocco.

Regarding severity, the cases varied, with 
45% severe, 35% moderate, and the rest mild. 
This spectrum underscores ASD’s heterogeneous 
nature and the diverse challenges individuals face. 
As for associated factors: Intestinal dysbiosis (Fig. 
2a) showed signs in all cases (100%), suggesting 
gut microbiota dysregulation’s potential role in 
ASD pathogenesis. While, heavy metal intoxi-
cation presented a significant proportion (95%) 
of exposure to heavy metals like lead, mercury, 
and arsenic, known environmental ASD contribu-
tors (Fig. 2b). In addition, elevated oxalate levels 
were observed in 80% of cases (Fig. 2c), linking 
dietary or endogenous oxalates to oxidative stress 
and inflammation.  100% of cases exhibited mito-
chondrial activity disruptions (Fig. 2d), implying 
mitochondrial dysfunction’s involvement in ASD 
and its impact on energy production and cellular 
processes 65% (Fig. 2e).

These findings highlight the multifaceted na-
ture of ASD, including gender disparities, age-
related patterns, geographic spread, severity vari-
ability, and significant associations with intestinal 
dysbiosis, heavy metal intoxication, oxalate ex-
cess, and mitochondrial dysfunction. Addressing 
these factors is crucial for comprehensive ASD 
management and tailored interventions for im-
proved outcomes in affected individuals.

The association between the categorical 
variables

In our study, the chi-squared (χ2) test was em-
ployed due to the categorical nature (yes/no) of 
the variables. This test aimed to investigate the 
presence of independence or significant associa-
tion between two categorical variables, specifi-
cally heavy metal toxicity and other variables, 
within the sample cases.

According to the results in Table 1 (Fig. 3a), 
the test yielded a value of 25.098 with 9 degrees 
of freedom, indicating a significant difference 
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between the observed frequencies and those ex-
pected under the null hypothesis of independence 
between the variables. The very low p-value of 
0.003 indicates that this difference is extremely 
unlikely to occur by mere chance, leading to the 
rejection of the null hypothesis and the conclu-
sion that there is a significant association between 
intestinal dysbiosis and heavy metal intoxication. 
Additionally, we used the likelihood ratio to as-
sess whether the adjusted model is significantly 
better than the null model. The obtained likeli-
hood ratio was 12.635 with 9 degrees of freedom. 

A significant value below the threshold of 0.05, 
such as the p-value of 0.180, indicates that the ad-
justed model is significantly better than the null 
model, thus confirming the significant association 
between intestinal dysbiosis and heavy metal in-
toxication. The Cramer’s V measure, presented in 
Table 3, is a normalized version of the Phi mea-
sure. A score of 1.000 indicates a perfect corre-
lation between the variables, meaning they are 
closely associated. The very low p-value of 0.000 
confirms that this correlation is extremely unlike-
ly to occur by mere chance. This measure is also 

Figure 2. Descriptive statistics: frequency pie chart: a) intestinal dysbiosis, b) heavy metal 
poisoning, c) oxalate excess, d) disruption of mitochondrial activity, e) production

Table 1. Khi-2 test: assessment of heavy metal intoxication and intestinal dysbiosis effects on stool microbiota.

Specification Value ddl Asymptotic significance 
(two-sided)

Pearson chi-square 25,398a 9 ***p = 0,003

Likelihood ratio 12,635 9 0,180

Linear by linear association 13,688 1 0,000

N of valid observations 20

Note: *** Significant association between two categorical variables is less than at 1%: a) 15 cells (93.8%) have a 
theoretical number less than 5. The minimum theoretical number is 0.05. 
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used to assess the correlation between nominal 
variables. A Cramer’s V score of 1.000 indicates a 
strong correlation between the variables, compa-
rable to the Phi measure. The very low p-value of 
0.000 underscores the high statistical significance 
of this correlation (Table 1).

The cross-tabulation (Table 2) reveals a sta-
tistically significant correlation between heavy 
metal intoxication and neurotransmitter produc-
tion (Fig. 3b), as indicated by the notable out-
comes derived from Pearson’s chi-square test 
(8.235, p = 0.041) and the likelihood ratio (7.911, 
p = 0.048). Cramer’s V measure further reinforces 
this observation, demonstrating a robust correla-
tion with a score of 0.717 and a p-value of 0.000. 
These statistical analyses collectively underscore 
a substantial interdependence between heavy 
metal intoxication and production. In conclusion, 
our comprehensive statistical analysis reveals a 
robust and statistically significant relationship 

between heavy metal intoxication and produc-
tion. These findings contribute valuable insights 
into the intricate interplay between environmen-
tal exposures and biological processes, highlight-
ing potential avenues for further research and 
intervention in addressing the impact of heavy 
metal toxicity on production-related outcomes. 
While the contingency (Table 3) demonstrates 
a significant association between heavy metal 
intoxication and disruption of mitochondrial 
activity (Fig. 3c). Both Pearson’s chi-square 
test (8.235, p = 0.041) and the likelihood ra-
tio (7.911, p = 0.048) have p-values below the 
threshold of 0.05, indicating a significant as-
sociation between heavy metal intoxication 
and disruption of mitochondrial activity. These 
results suggest that the probability of obtain-
ing these results by pure chance is very low. 
Additionally, Cramer’s V measure confirms 
a high correlation between these variables 

Figure 3. Relationship between variables in the following cases: a) heavy metal intoxication and intestinal 
dysbiosis on stool microbiological, b) heavy metal intoxication and neurotransmitter production, 

c) heavy metal intoxication and mitochondrial activity, d) heavy metal intoxication and excess oxalates.
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with a score of 0.717 and a p-value of 0.000. 
A value of 1 for Cramer’s V would indicate a 
perfect correlation, so a score of 0.717 indicates 
a strong correlation. In summary, these statisti-
cal results reveal a notable dependence between 
heavy metal intoxication and disruption of mi-
tochondrial activity. The high correlation and 
significant p-values indicate that this association 
is likely not due to chance and may have signifi-
cant implications for understanding the effects 
of heavy metals on mitochondrial activity. The 
significant results (Table 4) obtained from the 
association of Pearson’s chi-square test (34.132, 
p = 0.000) and the likelihood ratio (8.50, p = 
0.000) robustly and statistically significantly 
demonstrate a strong association between heavy 
metal intoxication and oxalate excess (Fig. 3d). 
This implies that variations in intestinal heavy 
metal intoxication have a significant impact on 
oxalate excess levels, and vice versa. Further-
more, Cramer’s V measure revealed a high score 
of 1.000 with a p-value of 0.000, thus confirm-
ing a very close correlation between intestinal 
heavy metal intoxication and oxalate excess. 
This high correlation indicates that these vari-
ables are closely linked, and there is a notable 
dependence between them. 

DISCUSSION

Our investigation centered on a cohort of 20 
children diagnosed with autism spectrum disor-
der (ASD). Among these participants, 80% were 
male and 20% were female, aged between 2 and 
a half to 9 years. This timeframe aligns with the 
onset phase of ASD symptoms and subsequent 
diagnosis, typically occurring between ages 2 and 
4. The male predominance among recruited chil-
dren affirms ASD’s higher incidence in males than 
females (Napolitano et al., 2022). We performed 
an exhaustive analysis of the metabolic and nutri-
tional profiles of these children, examining nearly 
100 biological parameters encompassing various 
categories such as urinary organic acids (76 pa-
rameters), dysbiosis (19 parameters), oxalates (3 
parameters), mitochondria (11 parameters), neu-
rotransmitter production (8 parameters), oxidative 
stress markers (7 parameters), heavy metals and 
essential elements (39 parameters), and stool mi-
crobiology tests (7 parameters). This comprehen-
sive approach aimed to enhance our comprehen-
sion of autism from physiological, metabolic, and 
nutritional standpoints.

Several studies employing various sample 
types have indicated that children diagnosed with 
ASD possess elevated concentrations of toxic 

Table 2. Khi-2 test: assessment of heavy metal intoxication and neurotransmitter production.

Specification Value ddl Asymptotic significance 
(two-sided)

Pearson chi-square 8,235a 3 ***p = 0,041

Likelihood ratio 7,911 3 0,048

Linear by linear association 4,592 1 0,032

N of valid observations 20

Note: *** Significant association between two categorical variables is less than at 1%: a) 7 cells (87.5%) have a 
theoretical number less than 5. The minimum theoretical number is 15.

Table 3. Khi-2 test: assessment of heavy metal intoxication and mitochondrial activity

Specification Value ddl Asymptotic significance 
(two-sided)

Pearson chi-square 5,690a 1 ***p = 0,017

Continuity correctionb 3,712 1 0,054

Likelihood ratio 6,221 1 0,013

Fisher’s exact test

Linear by linear association 5,406 1 0,020

N of valid observations 20

Note: *** Significant association between two categorical variables is less than at 1%: a) 2 cells (50.0%) have a 
theoretical number less than 5. The minimum theoretical number is 3.60. b) calculated only for a 2×2 table.
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metals in their bodies compared to neurotypi-
cal counterparts (Fiłon et al., 2020; Kim et al., 
2016; Saghazadeh and Rezaei, 2017; Sulaiman 
et al., 2020). Furthermore, certain investigations 
have reported a correlation between the severity 
of ASD symptoms and the levels of heavy metals 
accumulated.

The results of the hair analysis revealed heavy 
metal intoxication in 95% of the sample. Toxic 
metals and metalloids such as arsenic (As), lead 
(Pb), chromium (Cr), and cadmium (Cd), general-
ly considered as potential environmental risk fac-
tors in ASD, were quantified in the hair of children 
with ASD. This approach uses hair as a biological 
matrix representative of the body’s metal impre-
gnation, offering the advantage of being non-in-
vasive, painless, and particularly practical for a 
non-cooperative population such as children with 
ASD (Chojnacka and Mikulewicz, 2023)

Previous studies examining the link between 
toxic metals found in hair and children with 
ASD yielded similar outcomes. For instance, 
Elsheshtawy et al. (2011) discovered substantial 
differences in the levels of these substances in the 
hair of children with autism compared to controls. 
They also noted a positive correlation between 
CARS score (childhood autism rating scale) and 
both mercury and copper, while intelligence quo-
tient showed a significant negative correlation 
with lead levels in the hair. Zinc levels did not 
correlate with either CARS score or intelligence 
quotient among 32 children with autism and 32 
controls (aged 4.1 ± 0.8 years). Conversely, Geier 
et al. (2012) found that higher concentrations of 
hair mercury were significantly associated with in-
creased ASD severity, although no significant cor-
relations were observed for other hair toxic metals 
in 18 cases. This is consistent with the findings of 
(Fido and Al-Saad, 2005), who studied 40 boys 
with ASD and 40 controls (aged 4.2 ± 2.2 years) 
and discovered significantly higher levels of lead, 
mercury, and uranium in the hair of children with 
autism compared to controls. However, no notable 

differences were found between the two groups 
concerning the other five toxic elements, and the 
ratio between nutritional elements and toxic metals 
among children with autism fell within the normal 
range. Moreover,  Austin et al. (2022) conducted 
a prospective study in Japan using a predictive al-
gorithm that detected ASD risk as early as 1 month 
with high sensitivity (96.4%), specificity (75.4%), 
and accuracy (81.4%) in a cohort of 486 indi-
viduals, including 175 cases. These findings un-
derscore the systemic dysregulation of elemental 
metabolism in autism and highlight the potential 
for utilizing hair samples to predict the onset of 
ASD as early as 1 month of age. while, according 
to a metallomics investigation by (Yasuda et al., 
2013), 8.5% of ASD children aged 0 to 15 exhib-
ited elevated cadmium loads in hair samples.

The findings from our descriptive cross-
sectional study reveal notable disruptions in 
the metabolic and nutritional profiles of the 20 
children included in our sample. These disrup-
tions encompassed heavy metal intoxication, ob-
served in 19 of the children, generalized intes-
tinal dysbiosis, micronutrient deficiency present 
in all children, elevated oxidative stress in 60% 
of the sample, impaired fat energy production 
and assimilation, as well as disturbed mitochon-
drial activity observed across the entire sample. 
Additionally, 80% of the children exhibited a 
significant excess of oxalates, and 70% showed 
reduced production of neurotransmitters like do-
pamine and noradrenaline due to nutritional de-
ficiencies of phenylalanine and tyrosine.

Numerous studies confirm the striking simi-
larities between the cellular pathologies associ-
ated with ASD and those induced by excessive 
exposure to mercury, lead, and cadmium. These 
similarities include the competition with essen-
tial metals, particularly zinc, oxidative stress, 
lipid peroxidation, mitochondrial dysfunction, 
neuroinflammation, gliosis, and axonal demy-
elination typically observed following exposure 
to high levels of toxic metals. These affected 

Table 4. Khi-2 test:  assessment of heavy metal intoxication and excess oxalates

Specification Value ddl Asymptotic significance 
(two-sided)

Pearson chi-square 34,132a 12 ***p = 0,001

Likelihood ratio 22,099 12 0,036

Linear by linear association 14,984 1 0,000

Note: *** Significant association between two categorical variables is less than at 1%: a) 15 cells (93.8%) have a 
theoretical number less than 5. The minimum theoretical number is 0.05. 
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processes are highly active during brain devel-
opment, and toxic metals may impede normal 
brain development through various mechanisms 
like DNA methylation, histone modifications, 
microRNA expression, alterations in protein 
properties, or disruption of gut-brain signaling 
by affecting microbiota composition (Błażewicz 
and Grabrucker, 2022). The effects related to 
ASD may manifest primarily during the prena-
tal period. Moreover, mercury, lead, and various 
POPs (Persistent organic pollutants ) could lead 
to an imbalance between free radicals and anti-
oxidants, resulting in neurodevelopmental aber-
rations. Oxidative stress is also suggested as a 
mechanism for mitochondrial dysfunction, with 
certain chemicals potentially causing mitochon-
drial toxicity and subsequently disrupting ATP 
levels in neural cells. This connection has been 
supported by (Ijomone et al., 2020).

The findings also indicate disruptions in the 
metabolic pathway of tryptophan, the precursor to 
serotonin, a hormone vital for well-being and psy-
chological health, impacting 65% of the studied 
children. Several human studies corroborate the 
notion that disturbances in serotonin (5-hydroxy-
tryptamine or 5-HT) production play a role in the 
onset of autism in certain individuals. These find-
ings underscore the intricate nature of heavy metal 
intoxication’s effects on diverse metabolic and 
nutritional aspects, emphasizing the necessity for 
a multidisciplinary approach to tackle these chal-
lenges in children with ASD.

Similarly, Abdulamir et al. (2018) conducted 
a study involving 60 male autistic children cat-
egorized into mild, moderate, and severe groups 
(20 in each) to assess serotonin levels and SERT 
(serotonin transporters). These levels were com-
pared with those of 26 healthy control children. 
The results demonstrated a significant increase in 
serotonin and SERT levels among autistic chil-
dren compared to gender- and age-matched con-
trols. Specifically, serotonin levels were 80.63 ± 
21.83 ng/ml in mild cases, 100.39 ± 23.07 ng/
ml in moderate cases, and 188.7 ± 31.72 ng/ml 
in severe cases of autism. Serotonin transporter 
levels were 10.13 ± 4.51 ng/ml in mild cases, 
13.15 ± 4.71 ng/ml in moderate cases, and 16.32 
± 6.7 ng/ml in severe cases of autism. This el-
evation in both serotonin and SERT levels cor-
related with the severity of autism.

Additionally, Essa et al. (2013) reported sig-
nificant metabolic and nutritional disruptions in 
20 children, including heavy metal intoxication, 

intestinal dysbiosis, micronutrient deficiencies, 
and oxidative stress, often associated with mito-
chondrial disorders. Mutations in mitochondrial 
DNA (mtDNA) have been linked to various clini-
cal features, including those observed in autism 
spectrum disorder. Studies suggest that disrupted 
bioenergetics metabolism is a factor in autism, 
as evidenced by elevated lactate levels and brain 
metabolism abnormalities in some patients. Mi-
tochondrial respiratory chain disorders have also 
been associated with autism, possibly due to oxi-
dative changes affecting mitochondrial function. 
These disruptions in energy metabolism may con-
tribute to brain dysfunction in autism, given the 
significance of energy production for cellular pro-
cesses like neurotransmitter synthesis and signal-
ing. Mitochondrial dysfunction and impaired ener-
gy metabolism are implicated in various neuropsy-
chiatric disorders, underscoring their role in brain 
function and neurodevelopment. Adiponectin and 
leptin levels, which regulate energy metabolism, 
have also been linked to the pathophysiology of 
autism, suggesting a complex interplay between 
metabolism, neurodevelopment, and ASD. 

CONCLUSIONS

Autism spectrum disorders are characterized 
by two key features observed in individuals with 
ASD: social deficits and repetitive, stereotyped 
behaviors. Despite the involvement of numerous 
candidate genes and various non-genetic factors 
in ASD, the precise understanding of its origins 
remains complex. As neurological processes un-
derlie these behaviors, it is plausible that all po-
tential causes disrupt these underlying processes, 
showing convergence not only at the behavioral 
level but also at the molecular level. This raises the 
fundamental question of the neuronal mechanism 
behind ASD symptoms and how such a wide range 
of hereditary and non-genetic factors could con-
tribute to a shared process.

Therefore, the primary aim of this exploratory 
study is to employ descriptive and cross-sectional 
methodologies to investigate the nutritional and 
metabolic profiles of 20 Moroccan children diag-
nosed with autism spectrum disorder. Utilizing de-
scriptive statistical methods and the chi-square (χ2) 
test, we analyzed the results of the study, which 
encompassed approximately 100 biological pa-
rameters conducted in the United States.



159

Ecological Engineering & Environmental Technology 2024, 25(7), 150–161

The results indicated that the variations ob-
served in neurotransmitter production, dysbiosis, 
yeast overgrowth, heightened oxidative stress, mi-
tochondrial dysfunction, elevated oxalate levels, 
and deficiencies in vitamins and minerals among 
the children were associated with heavy metal 
poisoning and intoxication. These findings can 
aid decision-makers in monitoring and manag-
ing the various factors contributing to ASD. The 
insights from this study may hold relevance for 
regions with similar characteristics, both within 
Morocco and globally. In perspective, it’s crucial 
to note that ongoing research on metals should 
prioritize investigating speciation forms, metal 
concentration, exposure pathways, and dura-
tions. This approach will lead to a more nuanced 
comprehension of the diverse effects of metals 
on different molecular targets.
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