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Abstract: 

Background: Autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder (ADHD) are 

neurodevelopmental conditions that arise from a complex interplay of genetic, biological, and environmental factors. 

Essential metal elements (EMEs), including copper, zinc, iron, and calcium, support brain development, support 

neuronal communication, and maintain normal metabolic activity. Any increase or decrease in these elements may 

play a role in the development of ASD and ADHD. 

Objectives: The study aimed to investigate the relationship between serum levels of zinc, copper, iron, and calcium 

with ASD and ADHD. Moreover, to compare these levels among children with ASD, ADHD, combined ASD plus 

ADHD, and healthy controls. 

Methods: A case-control study was carried out at the College of Medicine, University of Baghdad, between March 

and September 2025. In total, 200 children aged 2–15 years were included and divided into four groups: Controls (n 

= 40), ADHD (n = 30), ASD (n = 57), and ASD + ADHD (n = 73). Five ml of venous blood from each child was 

dispensed into a gel tube to estimate zinc, copper, iron, and calcium. Assessment of inorganic elements zinc and 

copper was performed by Flam atomic absorption spectrometry (FAAS) while iron and calcium was performed by 

spectrophotometer. 

Results: Serum zinc levels were significantly lower in all patient groups compared with the controls. Copper levels 

were significantly higher, particularly in the ADHD and ASD + ADHD groups. Serum calcium showed no significant 

differences among the groups. Serum iron levels were significantly reduced only in ADHD group. 

Conclusion: Reduced zinc and iron levels, together with elevated copper, may contribute to neurodevelopmental 

disturbances in ASD and ADHD. Monitoring and correcting trace-element imbalance could support better clinical 

outcomes in affected children. 

Keywords: Attention-Deficit/Hyperactivity Disorder; Autism Spectrum Disorder; Heavy Metals; 

Neurodevelopmental disorders; Trace elements.

 

Introduction 

 

Autism Spectrum Disorder (ASD) presents a major public 

health concern. ASD is a neurodevelopmental condition 

that presents with challenges in social communication and 

interaction, as well as repetitive and restricted behavioral 

patterns and interests. Recent estimates in the United States 

indicate that about 1 in 36 children is diagnosed with ASD, 

with the condition occurring far more often in males, who 

are affected nearly 3.8 times more than females (1). The 

development of ASD is thought to result from several 

interacting factors, including genetic components and a 

range of non-genetic influences (2). Attention deficit 

hyperactivity disorder (ADHD) is a frequently encountered 

neurobehavioral condition in childhood, characterized by 

ongoing difficulties with attention, impulsive behaviors, 

and increased activity levels (3). It is commonly diagnosed 

in early life and, much like ASD, tends to appear more often 

in boys than in girls (4). A combination of genetic and 

environmental factors contributes to ADHD development 

(5, 6). Essential metal elements (EMEs) play an important 

role in healthy development and function of the nervous 

system (7, 8). Imbalances in the levels of these elements 

may increase the risk of ASD (9). Zinc (Zn) is very 

important for normal nervous system function and 

contributes to brain formation through its involvement with 

Zinc Finger proteins (10).   
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Zn plays a role in the maturation of oligodendrocytes (11). 

When Zinc Finger proteins do not function well, nervous 

system development may be affected, leading to structural 

brain changes and an increased risk of ASD (10). Lower 

serum Zn levels are associated with brain development in 

individuals with ASD (12). Copper (Cu) is an essential trace 

element for many normal physiological processes (13).  

Imbalances in Cu levels can contribute to various health 

problems (14). When Cu levels are high and Zn levels are 

low, oxidative stress in the brain may increase, and nervous 

system development may be affected (15). Iron (Fe) is 

another essential trace that plays an important role in 

several basic neurological functions. As a required cofactor 

for the enzyme tyrosine hydroxylase, Fe is needed for the 

synthesis of dopamine. When Fe levels are low, dopamine 

synthesis can be reduced, which may contribute to 

worsening symptoms seen in individuals with ADHD (16). 

Essential trace elements, including calcium (Ca), play an 

important role in many key processes involved in the 

developing brain during childhood. They contribute to 

neurotransmitter production and breakdown, support 

various cellular metabolic pathways, and participate in 

metabolic activities linked to motor and neurological 

development (17). 

This study aimed to investigate the relationship between 

serum levels of Zn, Cu, Fe, and Ca and ASD and ADHD, 

and to compare these levels among children with ASD, 

ADHD, combined ASD + ADHD, and healthy controls. 
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Patients and Methods  

This case–control study was carried out in the Biochemistry 

Department, College of Medicine, University of Baghdad. 

Participants were recruited from the Child Protection 

Hospital / Autism Center at the Medical City Complex in 

Baghdad, during the period from March to September 2025. 

In total, 200 children were included and classified into four 

distinct groups. The first group consisted of 40 healthy 

controls (32 males, 8 females) with an age range of 2–15 

years, all of whom were clinically normal and free from any 

known systemic illnesses. The control group was recruited 

from children attending routine pediatric check-ups and 

vaccination clinics at the same medical city. Controls were 

screened by a pediatrician and confirmed to be free from 

neurodevelopmental, neurological, or chronic systemic 

disorders. The second group comprised 30 children 

diagnosed with attention deficit hyperactivity disorder 

(ADHD) (24 males, 6 females), aged 3–15 years. The third 

group included 57 children with autism spectrum disorder 

(ASD) (43 males, 14 females), also within the age range of 

2–15 years. The fourth group included 73 children 

diagnosed with combined ASD + ADHD (63 males and 10 

females), all between 3 and 15 years of age.  All autistic 

children and children with ADHD were evaluated by expert 

clinicians specialized in ASD assessment and met the 

Diagnostic and Statistical Manual of Mental Disorders, 

Fifth Edition (DSM-5) criteria for ASD, with Childhood 

Autism Rating Scale (CARS) scores above 30. Both cases 

and controls were age and sex matched. Before including 

any participants, informed consent was acquired from the 

parents of all children who would be participating. An 

expert pediatrician carried out selection of cases and 

exclusion criteria (brain abnormalities, epilepsy, hepatic or 

renal disease, genetic disorders such as Down’s syndrome, 

children who had taken vitamin or mineral supplements 

within the past three months). Ethical approval was 

obtained from the Research Ethics Committee, College of 

Medicine, University of Baghdad (Approval No. 167, dated 

27 October 2025).  

 

 

 

Five ml of venous blood from each child was dispensed into 

a gel tube to estimate Zn, Cu, Fe, and Ca. assessment of 

inorganic elements (Zn, Cu) was performed by Flam atomic 

absorption spectrometry (FAAS) while (Fe, Ca) was 

performed by spectrophotometer. 

 

Statistical Analysis  
1. Descriptive Statistics: The mean and standard deviation 

(SD) were calculated for each variable within each group.  

2. Independent Sample t-test:  This test was used to 

compare the mean values between two groups, such as the 

control and ASD groups. A p-value of < 0.05 was 

considered statistically significant.  Welch’s t-test was 

applied when appropriate to account for unequal sample 

sizes and potential variance heterogeneity between groups, 

providing more robust statistical inference. Cohen’s d was 

also calculated to show the size of the difference between 

the groups and to help understand how meaningful that 

difference was in practical terms. 

3. One-Way ANOVA: This test was used when comparing 

more than two groups, such as the control, ASD, and ASD 

+ ADHD groups. It was done to test the null hypothesis that 

all the group means were equal. A significant F-statistic (p 

< 0.05) indicated that at least one group differed from the 

others. 

4. Post-hoc Tukey’s HSD Test: Following a significant 

ANOVA test, the Tukey’s test was performed, to identify 

pairwise group differences, while controlling multiple 

comparisons. Adjusted p-values (p-adj) were reported, 

along with mean differences and confidence intervals (95% 

CI). 

All statistical analyses were performed using SPSS and 

Python statistical libraries.  

 

Results 

Table 1 presents the demographic characteristics of the 

study groups. No significant differences were observed in 

the mean age (one-way ANOVA, p = 0.1925) or sex 

distribution (chi-square, p = 0.4709), confirming 

appropriate matching among groups. 

 

Table 1: Demographic Characteristics of Study Groups 
Group n Age (years) Sex n (%) 

Mean ± SD  Range  Males  Females  

Control 40 6.5 ± 3.28 2 – 15 32 (80.0) 8 (20.0) 

ADHD 30 6.9 ± 3.32 3 – 15 24 (80.0) 6 (20.0) 

ASD 57 5.7 ± 3.36 2 – 15 43 (75.4) 14 (24.6) 

ASD + ADHD 73 6.7 ± 2.69 3 – 15 63 (86.3) 10 (13.7) 

Statistical Test  One-way ANOVA: 

p-value = 0.1925, (p > 0.05) 

Chi-square test:  

p-value = 0.4710, (p > 0.05) 

 

Results summarized in table 2 show that the children with 

ADHD have a significantly lower serum Zn level (73.6 ± 

4.57 µg/dL) compared to controls (99.8 ± 14.65 µg/dL), 

(Welch’s t = -9.42, p < 0.001), with a very large effect size 

(Cohen’s d = -2.28). The children with ASD had a 

significantly lower mean serum Zn level (67.2 ± 8.30 

µg/dL) compared to controls (p < 0.001) with a very large 

effect size (Cohen’s d = -2.87). The children with 

ASD+ADHD had a significantly lower mean serum Zn 

level (68.3 ± 8.83 µg/dL) compared to controls, (p < 0.001). 

 

Table 2: Mean serum zinc (µg/dL) levels in the study groups 
Group n Mean ± SD (µg/dL) p-value 

Control 40 99.8 ± 14.65 ------------- 

ASD 57 67.3 ± 8.30 < 0.001 

ADHD 30 73.3 ± 4.57 < 0.001 

ASD+ADHD 73 68.3 ± 8.83 < 0.001 

 

Results summarized in table 3 show that the children in the 

ADHD group have significantly higher serum Zn levels 

compared to both ASD and ASD+ADHD groups, with p = 

0.0015 and p = 0.0074 respectively. No significant 

difference was found between the ASD and ASD+ADHD 

groups (p = 0.717). 
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Table 3: Tukey Post-hoc test for patients’ group comparisons 
Group1 Group2 Mean Difference 95% CI Lower 95% CI Upper p-value 

ADHD ASD -6.41 -10.68 -2.13 0.0015 

ADHD ASD+ADHD -5.30 -9.41 -1.19 0.0074 

ASD ASD+ADHD 1.10 -2.25 4.45 0.7174 

ANOVA, F (2,157) = 6.66, p = 0.0017 → Significant overall difference among groups 

 

Results summarized in table 4 show that the children with 

ADHD have a significantly higher mean serum Cu level 

(109.0 ± 21.33 µg/dL) compared to controls (95.2 ± 13.78 

µg/dL), (Welch’s t = 3.09, p = 0.0034). The children with 

ASD had a slightly higher mean serum Cu level (100.3 ± 

19.08 µg/dL) compared to controls (Welch’s t = 1.16). 

Effect size was small (Cohen’s d = 0.23) with no significant 

difference (p = 0.152). The children in the ASD+ADHD 

group show a significantly higher mean serum Cu level 

(104.9 ± 23.30 µg/dL) than controls (Welch’s t = -2.78, df 

≈ 110, p = 0.006). The effect size was moderate (Cohen’s d 

= 0.47). 

 

Table 4: Mean serum copper (µg/dL) levels in control and patient groups 
Group n Mean ± SD (µg/dL) p-value 

Control 40 95.2±13.78 ------------- 

ASD 57 100.3±19.08 0.152 

ADHD 30 109.0±21.33 0.0034 

ASD+ADHD 73 104.9±23.30 < 0.01 

 

Results summarized in table 5 show that the children in the 

ADHD group have higher a serum Cu level compared to 

both ASD and ASD+ADHD groups, with p = 0.177 and p 

= 0.659 respectively. No significant difference was found 

between the ASD and ASD+ADHD groups (p = 0.448). 

 

 Table 5: Tukey Post-hoc test for patient’s/ group comparisons 
Group 1 Group 2 Mean difference Lower CI Upper CI p-adj 

ASD+ADHD ADHD 4.06 -6.98 15.10 0.659 

ASD+ADHD ASD -4.61 -13.60 4.39 0.448 

ADHD ASD -8.67 -20.15 2.81 0.177 

ANOVA, F= 1.71, p = 0.185→ No significant overall difference among groups 

 

Results summarized in table 6 show that the children with 

ADHD have a significantly lower mean serum Fe level 

(62.5 ± 8.14 µg/dL) than controls (83.5 ± 13.77 µg/dL), 

(Welch’s t = -7.97, p < 0.001) with a very large effect size 

(Cohen’s d = 1.80). The children with ASD had a slightly 

lower mean serum Fe level (82.1 ± 10.60 µg/dL) compared 

to controls, (p = 0. 572). There was no significant difference 

in serum Fe between control and ASD+ADHD (mean 82.9) 

groups (p = 0.791). The effect size was trivial (Cohen’s d = 

-0.06). 

 

Table 6: Mean serum iron (µg/dL) levels in control and patient groups 
Group n Mean ± SD (µg/dL) p-value 

Control 40 83.5 ± 13.77 ------------- 

ASD 57 82.1 ± 10.60 0.572 

ADHD 30 62.5 ± 8.14 < 0.001 

ASD+ADHD 73 82.9 ± 10.17 0.791 

 

Results summarized in table 7 show that the Serum Fe (Fe) 

level were significantly lower in the ADHD group 

compared to both the ASD and ASD+ADHD groups 

(ANOVA p < 0. 001). However, no significant difference 

was found between ASD and ASD+ADHD. 

 

Table 7: Tukey Post-hoc Test for patients Group Comparisons 
Group 1 Group 2 Mean difference lower upper p-adj 

ADHD ASD 19.5526 14.2215 24.8838 < 0.001 

ADHD ASD+ADHD 20.363 15.2373 25.4887 < 0.001 

ASD ASD+ADHD 0.8104 -3.3673 4.988 0.8905 

ANOVA Results, F-statistic = 49.002, p-value < 0.001 

 

Results summarized in table 8 show that the children with 

ADHD have mean serum Ca level of (9.2 ± 0.66 mg/dL), 

compared to controls (9.2 ± 0.64 mg/dL), (p = 0.77). The 

Serum Ca level in children with ASD (9.17 ± 0.58 mg/dL) 

and controls, (p = 0.927). The children with ASD+ADHD  

 

had a mean Ca level of (9.2 ± 0.57 mg/dL), the same as 

controls (9.2 ± 0.64 mg/dL), (Welch’s t=-0.09, p=0.925), 

with negligible effect size (Cohen’s d=-0.02). 

 

 

Table 8: Mean serum calcium (mg/dL) levels in control and patient groups 

Group n Mean ± SD (µg/dL) p-value 

Control 40 9.2 ± 0.64 ------------- 

ASD 57 9.2 ± 0.58 0.927 

ADHD 30 9.2 ± 0.66 0.770 

ASD+ADHD 73 9.2 ± 0.57 0.925 
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Results summarized in table 9 show that the mean serum Ca 

levels were comparable across the three groups (ASD, 

ASD+ADHD and ADHD). The mean Ca concentration 

ranged between 9.17–9.23 mg/dL, with no significant 

differences observed (ANOVA p = 0.889). Post-hoc 

Tukey’s test confirmed the absence of significant pairwise 

group differences.

Table 9: Tukey Post-hoc Test for patients Group Comparisons. 
Comparison Mean Difference Lower CL Upper CL p-adj 

ADHD vs ASD+ADHD -0.058 -0.363 0.246 0.894 

ADHD vs ASD -0.058 -0.375 0.258 0.901 

ASD vs ASD+ADHD 0.000 -0.248 0.248 1.000 

ANOVA, F (2,157) = 0.117, p = 0.889 → not significant. 

                                                                                                                                                                                                                                                                                                  

Discussion 

Decreased Zn is linked to poor intake, selective eating, and 

competition with high Cu/Fe intake (18). Inflammation 

shifts Zn from the serum to the liver (19). Changed activity 

of Zn transporters (ZIP and ZnT) can weaken cellular Zn 

regulation (20). Intestine dysbiosis may decrease Zn 

absorption (21), and high levels of phytates or Ca can affect 

Zn uptake (22). Serum Zn was significantly lower in all 

patient groups in the current study which is in line with the 

results of the study of El-Saadany et al who found 

significantly lower serum Zn levels in children with ADHD 

compared with healthy controls (23). Yang et al reported 

lower Zn levels in children with ADHD when compared to 

healthy subjects (24). Serum Zn was markedly lower in the 

ASD group relative to controls in the current study with a 

very large effect size, in agreement with the study of Siddiqi 

et al who observed significantly lower serum Zn levels in 

ASD children compared with healthy controls (25). Zhang 

et al reported markedly lower serum Zn levels in children 

with ASD across all severity categories, with the most 

pronounced reductions occurring in severe ASD cases (26). 

Serum Cu was elevated in all patient groups in the current 

study, with the highest levels observed in the ADHD and 

ASD+ADHD groups, whereas the ASD group had a 

slightly higher mean serum Cu level. Higher Cu levels lead 

to an increased Cu/Zn ratio, a pattern that has been linked 

to heightened oxidative stress, Ceruloplasmin increases 

with inflammation, raising the Cu level/absorption (27). 

The use of Cu plumbing or low Zn intake also enhances Cu 

absorption (28). Our findings show that serum Cu 

concentrations were higher in children with ADHD 

compared with the control group. Similar observations were 

reported by Robberecht H et al, who documented increased 

serum Cu levels in children with ADHD relative to healthy 

controls (16). Nayak et al also reported markedly elevated 

Cu concentrations in both hair and urine samples of 

children with ADHD when compared to healthy subjects 

(29), indicating that higher Cu accumulation may contribute 

to neurochemical disturbances associated with ADHD. 

Serum Cu levels were slightly higher in the ASD group in 

the current study, which is in line with the study of Rashaid 

et al who found no significant differences in serum Cu 

concentrations between children with ASD and healthy 

controls (30).  

Serum Fe levels were significantly reduced only in the 

ADHD group in the current study. In the ASD and ASD + 

ADHD groups, the mean Fe levels were slightly lower than 

those in the control group. It is known that excessive milk 

consumption can interfere with Fe absorption (31). 

Inflammation raises hepcidin, trapping Fe in macrophages 

causing a functional deficiency, despite the normal serum 

Fe (32). Our findings show a clear decrease in serum Fe 

levels in children with ADHD when compared with the 

control group, which is consistent with the findings of 

Konofal et al, who emphasized that Fe deficiency is known 

to be associated with cognitive difficulties, learning 

challenges, and psychomotor instability and should be 

considered within the framework of central dopaminergic  

 

dysfunction related to ADHD symptoms (33). Yang et al 

found children with ADHD had a reduction in their serum 

Fe levels compared to the controls (24), which is in 

agreement with the present findings, and supports the 

hypothesis that inadequate Fe status may contribute to 

ADHD, through its role in dopamine synthesis and 

neurodevelopment. The ASD group and ASD + ADHD 

groups had a slightly lower mean serum Fe level compared 

to controls, in line with the results of Ma et al who found no 

significant differences in the serum Fe concentrations 

between ASD children and controls (9), suggesting that Fe 

status may not be uniformly altered in all ASD populations. 

Skalny et al reported no statistically significant variation in 

serum Fe levels between children with ASD and healthy 

controls (34). 

Serum Ca remained within normal ranges, without 

significant group differences. Serum Ca was stable due to 

strict regulation (PTH–vitamin D axis) (35). Vitamin D or 

Mg deficiency impairs neuronal Ca handling, without 

altering the serum Ca (36).  

Serum Ca concentrations were almost identical between the 

ADHD group and the controls in the current study. 

Likewise, Ca levels did not differ significantly between 

children with ASD and healthy controls. Alkhalidy also 

found that serum Ca levels in children with ASD were not 

significantly different from the control group (37). This 

supports the view that disturbances in Ca levels are unlikely 

to be a major biochemical feature of ASD. Likewise, 

Alzghoul et al reported no significant difference in serum 

Ca levels between children with ASD and healthy controls 

(38), suggesting that Ca levels generally remain stable in 

individuals with autism. 

In the present study, children with ASD, ADHD, and 

ASD+ADHD exhibited significant alterations in serum 

trace element levels compared with healthy controls. These 

changes may reflect underlying metabolic and 

neurobiological disturbances associated with 

neurodevelopmental disorders. Zn and Cu are essential 

cofactors for numerous enzymatic reactions involved in 

neurotransmitter synthesis and antioxidant defense, and 

their imbalance may contribute to oxidative stress and 

neuronal dysfunction. Fe plays a crucial role in myelination 

and dopaminergic neurotransmission. Therefore, the altered 

concentrations observed in the current study may influence 

brain development and function, potentially contributing to 

the pathophysiology of ASD and ADHD. 

 

Limitation: 

Several limitations of the present study should be 

acknowledged. The alterations observed in serum Cu, Zn, 

and Fe levels may reflect a complex interaction between 

nutritional, environmental, and biological factors. 

Specifically, the elevated Cu levels might be attributed to 

environmental exposures or competitive interactions during 

gastrointestinal absorption with Zn. Furthermore, the 

selective eating behaviors and restricted dietary diversity 
common in children with ASD and ADHD may 
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significantly influence the intake of essential elements like 

Zn and Fe. Due to the cross-sectional design, it is difficult 

to determine whether these trace element imbalances are a 

cause or a consequence of the disorders. Future longitudinal 

studies incorporating detailed environmental and 

nutritional assessments are required to clarify these 

relationships. 

 

Conclusions 
Reduced zinc and iron levels, together with elevated 

copper, may contribute to neurodevelopmental 

disturbances in ASD and ADHD. The assessment of serum 

trace element status may provide valuable insights into 

biological disturbances associated with ASD and ADHD, 

aid in identifying metabolic imbalances, support 

monitoring of nutritional status, and potentially guide 

supportive interventions.  
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تقييم مستويات النحاس والزنك والحديد والكالسيوم في مصل الأطفال المصابين باضطراب طيف التوحد واضطراب نقص الانتباه 
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 الخلاصة:

الاضطرابات العصبية النمائية المعقدة ذات الأسباب المتعددة. يعُدّ اضطراب طيف التوحد واضطراب نقص الانتباه وفرط النشاط من  :خلفية البحث

التوازن تلعب العناصر المعدنية الأساسية، مثل النحاس والزنك والحديد والكالسيوم، دورًا محورياً في النمو العصبي، ونقل الإشارات العصبية، و

ةً، في اختلال وظائف الدماغ، وقد ثبت تورطها في الفيزيولوجيا المرضية التأكسدي. قد يسُهم تغيّر مستويات هذه العناصر، سواءً نقصًا أو زياد

 لاضطرابي طيف التوحد واضطراب نقص الانتباه وفرط النشاط.

تقييم ومقارنة مستويات العناصر النزرة في مصل الدم )الزنك والنحاس والحديد والكالسيوم( بين الأطفال المصابين باضطراب طيف التوحد  :الاهداف

 ضطراب فرط الحركة ونقص الانتباه واضطراب طيف التوحد مع اضطراب فرط الحركة ونقص الانتباه، بالمقارنة مع الضوابط الصحية.وا

سنة(،  15طفل )من سنتين إلى  200. شارك في الدراسة 2025آذار وأيلول أجُريت هذه الدراسة المقارنة في كلية الطب بجامعة بغداد، بين  :نهجيةالم

(، ومجموعة اضطراب 30(، ومجموعة اضطراب فرط الحركة ونقص الانتباه )عددها 40وصُنِّّفوا إلى أربع مجموعات: مجموعة ضابطة )عددها 

 5(. جُمعت عينات دم وريدية )73(، ومجموعة اضطراب طيف التوحد مع اضطراب فرط الحركة ونقص الانتباه )عددها 57طيف التوحد )عددها 

(، بينما قيُسَت مستويات الحديد FAAS. قيُسَت مستويات الزنك والنحاس في المصل باستخدام مطيافية الامتصاص الذري اللهبي )مل( من كل مشارك

 والكالسيوم في المصل باستخدام مطيافية الضوء.

اضطراب فرط الحركة انخفضت مستويات الزنك في مصل الدم بشكل ملحوظ في جميع مجموعات المرضى )اضطراب طيف التوحد، و :النتائج

س ونقص الانتباه، واضطراب طيف التوحد مع اضطراب فرط الحركة ونقص الانتباه( مقارنةً بمجموعة الضبط. في المقابل، ارتفعت مستويات النحا

لانتباه. لم في مصل الدم، لا سيما في مجموعتي اضطراب فرط الحركة ونقص الانتباه، واضطراب طيف التوحد مع اضطراب فرط الحركة ونقص ا

ترُصد أي فروق جوهرية في مستوى الكالسيوم في مصل الدم بين مجموعات الدراسة، بينما انخفضت مستويات الحديد في مصل الدم بشكل ملحوظ 

   في مجموعة اضطراب فرط الحركة ونقص الانتباه.

بانخفاض مستويات الزنك والحديد إلى جانب ارتفاع مستويات النحاس، اختلال توازن العناصر النزرة الأساسية، الذي يتميز قد يسُهم : الاستنتاجات

في اضطرابات النمو العصبي الملحوظة لدى مرضى اضطراب طيف التوحد واضطراب فرط الحركة ونقص الانتباه. وقد يسُهم رصد وتصحيح 

 اختلال توازن العناصر النزرة في تحسين النتائج السريرية.

 يف التوحد؛ اضطراب نقص الانتباه وفرط النشاط؛ العناصر النزرة؛ اضطرابات النمو العصبي.اضطراب ط :مفتاح الكلمات
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