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Abstract 

Background: Attention Deficit Hyperactivity Disorder (ADHD) is a common neu-

rodevelopmental disease characterized by inattention, hyperactivity, and impulsive-

ness. Dopamine deficiency is considered one of the key neurochemical underpin-

nings of ADHD. Tyrosine Hydroxylase (TH), the rate-limiting enzyme in the pro-

duction of dopamine and other catecholamines. It has been increasingly studied for 

its potential role in ADHD. Future insights into TH regulation and its modulation 

may offer novel therapeutic strategies for affected children and adolescents. This 

study aimed to assess TH activity in individuals with ADHD and explore its relation-

ship with cadmium (Cd) levels, comparing findings with those of healthy controls. 

Methods: The current study was designed as a case-control study, involving 90 

healthy control subjects and ADHD patients, aged between 4 and 18 years.  The pa-

tients were categorized into two groups: the first group included 60 patients with 

ADHD, and the second group represented the control group, which comprised 30 

volunteers without any ADHD. The TH activity was measured using the ELISA tech-

nique. Additionally, the concentration of selected cadmium was determined using 

Atomic Absorption Spectroscopy (AAS).  

Results: TH levels showed greater variability in ADHD patients but were not signif-

icantly different from controls. A significant negative correlation was found between 

TH and cadmium (r = –0.230, p = 0.029).  Multiple linear regression confirmed cad-

mium levels and treatment type as significant predictors of TH activity. 

Conclusions: Cadmium exposure had a negative influence on tyrosine hydroxylase 

activity in patients with ADHD, suggesting an environmental impact on dopamine 

synthesis. 

Keywords: Attention Deficit Hyperactivity Disorder, Children, Adolescents, Cad-

mium 

Introduction 

Attention Deficit Hyperactivity Disorder (ADHD) 

is one of the most common neurodevelopmental 

diseases in children and adolescents. It is typically 

diagnosed in childhood and often persists into ma-

turity. It is one of the most prevalent reasons that 

children are taken to psychology and psychiatric 

clinics [1]. Timely and effective therapy to address 

core ADHD symptoms and co-occurring disorders 

is are high priority for healthcare and society as a 

whole. While significant research has established 

the advantages and disadvantages of numerous 

therapies for ADHD. [2]. It affects around 5% of 

children and adolescents, as well as 2.5% of adults. 

The illness has a complex etiology with a high her-

itability. Patients exhibit substantial interindividual 

and intraindividual diversity in symptoms, with ex-

ecutive impairments in numerous cognitive areas 

[3]. ADHD is increasingly linked to poor health 

consequences. Inattention, impulsivity, and poor 

planning are likely to contribute to bad health be-

haviors; yet, these same behaviors may also have 

an impact on ADHD [4]. A diagnosis of ADHD is 

determined by recognizing excessive inattention, 

hyperactivity, and impulsivity in a child under the 

age of 12 that impairs his or her functioning or de-

velopment. The primary classification methods for 

diagnosing ADHD are the International Classifica-

tion of Diseases and the Diagnostic and Statistical 

Manual of Mental Disorders (DSM) [5]. Children 

and adolescents with ADHD often struggle aca-

demically.  The prevalence of issues among kids 

with ADHD varies from 50 to 80%, depending on 

the description of the problem [6]. 
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The catecholaminergic neurotransmitters norepi-

nephrine (NE) and dopamine (DA) play important 

roles in controlling prefrontal brain function. Given 

that disturbance of the excitation/inhibition balance 

in the prefrontal cortex is related to many of the 

aforementioned mental illnesses [7]. The norepi-

nephrine transporter (NET) is an important target 

for treating ADHD. The NET gene has gained in-

creasing interest as a possible regulator of ADHD 

pathogenesis [8]. The basic symptoms of ADHD 

are associated with anomalies in the corticostriatal-

thalamo-cortical circuits. Dysregulation of the do-

paminergic and noradrenergic systems disrupts the 

proper modulation of neurons in the prefrontal cor-

tex (PFC) and basal ganglia, resulting in hyperac-

tivity, impulsivity, and inattention [9]. Dopaminer-

gic neuronal illnesses provide a significant chal-

lenge to millions of individuals globally. These dis-

orders are characterized by dysregulation of the do-

pamine system [10].  

Tyrosine hydroxylase (TH) is the enzyme respon-

sible for synthesizing catecholamines, including 

dopamine (DA), noradrenaline (NA), and adrena-

line. Multiple processes regulate TH activity, 

which is essential for proper physiology. It has 

been linked to several neuropathological disorders 

[11]. Catecholamines function as neurotransmitters 

and hormones in different bodily areas.  Chemical 

messengers like dopamine, noradrenaline, and epi-

nephrine (adrenaline) are formed from the amino 

acid tyrosine. Dopamine is predominantly pro-

duced in the brain, namely in the substantia nigra 

and ventral tegmental region, where it acts as a neu-

rotransmitter [12]. The main source of TH activa-

tion is phosphorylation at Ser40, which is primarily 

mediated by cyclic AMP-dependent protein kinase 

A [13]. Tyrosine hydroxylase (TH; EC 1.14.16.2) 

is a homotetrameric enzyme that transforms L-ty-

rosine to L-dihydroxyphenylalanine (L-DOPA), 

using molecular oxygen as a substrate and cofactor 

(6R). -L-erythro-5,6,7,8-tetrahydrobiopterin 

(BH4) [14].  

Heavy metal exposure has been linked to deleteri-

ous neurodevelopmental consequences in children, 

namely an increased risk of attention-deficit hyper-

activity disorder (ADHD) [15]. Excess metals im-

pede neurodevelopmental processes and have neu-

rotoxic consequences, reducing cognitive function.  

Heavy metals may thus have a role in ADHD sus-

ceptibility.  Given the rising frequency of ADHD, 

it is critical to investigate the environmental ele-

ments that may influence its development. Among 

these considerations, certain metals with proven 

neurotoxic effects have gained attention [16]. Cad-

mium is a neurotoxin, and the exact mechanism of 

cognitive impairment is uncertain.  It has been the-

orized to impair synaptic transmission, bind to cal-

modulin, or induce an imbalance in oxidative stress 

[17].  

The aim of this study is to examine the relationship 

between cadmium (Cd) level and tyrosine hydrox-

ylase in children and adults with ADHD and com-

pare them with normal controls. 

Materials and Methods 

Study design and patients  

This study was designed to be a case-control study. 

A total of 90 subjects were recruited for this case-

control study and divided into two groups: Group 1 

included 60 patients with inattention, hyperactiv-

ity, impulsivity, and ADHD, with an age range of 

4-18 years, and Group 2 represented the control 

group, which comprised 30 volunteers without any 

ADHD and matched the age to the patient groups, 

were nonsmoking, and were nonalcoholic. The di-

agnosis of ADHD was made by psychiatrists in the 

hospitals based on standardized clinical criteria de-

fined by the Diagnostic and Statistical Manual of 

Mental Disorders (DSM) [6]. The diagnostic infor-

mation was documented in the patients' medical 

records and used for recruitment purposes. The pa-

tients were collected from the Children's Teaching 

Hospital in Dhi Qar Health Directorate in Dhi Qar 

Governorate and Al-Hassan Al-Mujtaba Hospital 

in Karbala Health Directorate in Karbala Gover-

norate, Iraq. A special questionnaire form contain-

ing descriptive information was completed for each 

patient. 

Inclusion criteria:  

Males and girls (ages 4-18) were included. Sub-

jects must have a diagnosis of ADHD, which is 

determined by clinical evaluation standards. 

Exclusion criteria:  

Included patients were those with a history of head 

trauma with loss of consciousness, organic brain 

diseases, seizures, or neurosurgical intervention. 

Others were those with any major medical ailment 

identified by the researcher, mental retardation, 

pregnancy, and nursing. 

Subjects having a recent history (within the last six 

months) of illicit substance or alcohol dependence 

and sensory issues, including deafness or blind-

ness. 

Blood sample collection and storage 

The study involved obtaining 5 mL of whole blood 

from each subject, which was divided into two 

parts. The first part was used for venipuncture to 

obtain three-ml blood samples, which were then 

placed in gel tubes at room temperature for ten 
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minutes. A 3000 x 2000 RPM centrifuge was used 

to separate the serum for ten minutes. The second 

part involved dividing the serum samples into three 

parts in the Eppendorf laboratory and storing them 

at -20°C for later use for further investigation. 

Determination of cadmium in serum 

Cadmium (Cd) determination in serum was con-

ducted using Graphite Furnace Atomic Absorption 

Spectrophotometry (GFAAS), which allows for 

highly sensitive detection of trace metals in biolog-

ical fluids. The element cadmium was obtained in 

standard solution form (1000 ppm stock solution) 

(Merck KGaA, Darmstadt, Germany) and further 

diluted with deionized water and nitric acid (0.2%) 

to prepare four standard working solutions of 2.5, 

5, 10, and 20 parts per billion (ppb). These stand-

ards were used to construct a calibration curve, 

which served as the reference for quantifying cad-

mium levels in serum samples. 

Sample and procedure  

Serum was obtained from venous blood collected 

in trace metal-free Vacutainer tubes and centri-

fuged at 3000 rpm for 10 minutes. Approximately 

20 μL of serum was injected into a pyrolytically 

coated graphite tube, the atomizer unit of the 

GFAAS instrument (Shimadzu AA-6300, Japan). 

The graphite tube was subjected to a programmed 

temperature cycle for drying, ashing, and atomiza-

tion, which vaporizes cadmium from the matrix 

and enables detection via atomic absorption at a 

228.8 nm wavelength. 

Ethical approval  

The study protocols were approved by the Ethical 

Committee of the College of Medicine, University 

of Karbala, on October 7, 2024, under approval 

number 24-60. Written informed consent was ob-

tained from all participants or their legal guardians 

before enrollment and blood sample collection. 

Statistical analysis 

Statistical analyses were performed with the Statis-

tical Package for the Social Sciences (SPSS) ver-

sion 28.0 (IBM Corp., Armonk, NY, USA). Data 

with a normal distribution were reported as mean 

and standard deviation (mean ± SD). Two groups 

were compared using independent samples t-tests. 

The Pearson correlation coefficient (r) was em-

ployed to determine the strength and direction of 

linear correlations among continuous variables. To 

explore predictors of tyrosine hydroxylase (TH) 

levels, multiple linear regression analysis was ap-

plied, incorporating relevant biochemical and de-

mographic variables. A p-value < 0.05 was consid-

ered statistically significant for all analyses. 

Results 

Demographic data characteristic 

The demographic characteristics of patients and 

healthy control groups are summarized in Table 1. 

The age range of participants was between 4 and 18 

years old, with the gender distribution among 

ADHD patients. The sample included 63.33% 

males and 36.67% females, reflecting the higher 

prevalence of ADHD typically reported in males in 

epidemiological studies. In terms of weight, the av-

erage body weight of participants was recorded and 

compared between groups to account for potential 

physiological differences. 

Comparison of biochemical markers between 

ADHD patients and control group 
The findings of the independent t-test revealed no 

statistically significant differences in some bi-

omarkers between the ADHD and control groups. 

The ADHD and control groups had identical mean 

TH index values (p < 0.05). In contrast, there were 

statistically significant variations in cadmium be-

tween the ADHD and control groups (p = 0.0001), 

showing that the values were comparable between 

the two groups. 

Spearman’s correlation analysis was performed to 

assess the relationship between tyrosine hydrox-

ylase (TH) activity and the concentrations of cad-

mium (Cd) among the study participants (n = 90). 

A statistically significant correlation (r = -0.230, p 

= 0.029), indicating that higher Cd concentrations 

may be associated with reduced TH activity (Table 

2). Among the included variables in the multiple 

linear regression model, Cd and treatment type 

were found to be statistically significant predictors 

of tyrosine hydroxylase (TH) activity. Cadmium 

was negatively associated with TH (B = –0.054, p 

= 0.016) (Table 3). 

Discussion 

Cadmium is a heavy metal present in the earth's 

crust that is distributed in the environment both nat-

urally and by human activities such as fossil fuel 

combustion, waste incineration, smelting methods, 

and the use of phosphate fertilizers. Uptake of am-

bient cadmium in plants and animals’ results in hu-

man exposure through food or tobacco smoke, and 

occupational exposures can also occur [18]. Cd is 

known to cause nephrotoxicity, and emerging data 

suggest that exposure to Cd may have negative 

neurodevelopmental effects.  
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Table 1: Descriptive statistics of age, weight, and biochemical markers among ADHD patients and control group 
Type  Character  Minimum Maximum Mean Stander Deviation 

Patient 

(n=60) 

Age  

(4-18 years) 

 

4 18 7.20 2.791 

Weight  11 47 18.57 7.422 

TH (ng/mL) 0.13 19.14 11.9482 3.72815 

Cadmium (µg/dL) 0.00 48.22 8.8325 13.88380 

Control 

(n=30) 

Age (4-18 years) 4 15 7.50 2.764 

Weight  18 47 28.08 7.951 

TH  (ng/mL) 5.88 19.76 12.6789 2.92483 

Cadmium (µg/dL) 0.00 .00 .0000 .00000 

Table 2: Correlation between tyrosine hydroxylase (TH) and heavy metals (Pb, Al, and Cd) among study participants 

(n = 90). 
 

Character 

Correlations     

 Tyrosine hydroxylase Cadmium 

 

Tyrosine  hydroxylase 

Correlation Coefficient 1.000 -0.230* 

Significant (2-tailed) - 0.029 

Total No. 90 90 

Cadmium Correlation Coefficient -0.230* 1.000 

Significant (2-tailed) 0.029 - 

Total No. 90 90 

*Correlation is significant at the 0.05 level (2-tailed). 

Table 3: Multiple linear regression coefficients for predicting tyrosine hydroxylase (TH) activity 
Coefficients 

Model Unstandardized Coefficients Standardized Coeffi-

cients 

t-test p- value 

B Stander Error Beta 

Constant 20.118 1.894  10.619 .000 

Weight  0.079 0.043 0.157 1.837 0.072 

Cadmium -0.054 0.022 -0.201 -2.485 0.016 

Treatment  -7.332 0.760 -0.767 -9.653 0.000 

Animal studies have reported the impact of Cd on 

the electrophysiological characteristics of the 

brain, alterations in neurotransmitter function, and 

negative neurobehavioral results [19].  

A recent analysis of urine Cd and ADHD in 1994-

2004 revealed a possible non-significant decrease 

in ADHD risk in children who had urinary Cd lev-

els above the first quartile, with OR of 0.50, 0.52, 

and 0.67 for the second, third, and fourth quartiles, 

respectively. He discovered a nearly zero connec-

tion between a medical diagnosis of ADHD and 

continuous or categorical blood cadmium levels 

[20]. 

The results of this study showed statistically signif-

icant differences in the demographic prevalence. In 

males, it was found that comments agree with 

ADHD, which is less commonly diagnosed in girls 

than in males, particularly in youth.  Even when 

girls are diagnosed with ADHD, the diagnosis is 

frequently delayed compared to males, and females 

are less likely to be provided medication [21]. 

There could be a gender bias in the diagnosis and 

treatment of ADHD. This study examined gender 

differences in the strength and presentation of 

ADHD symptoms, behavioral difficulties, and 

learning deficits in males and females with and 

without clinically diagnosed ADHD [22]. Girls 

with ADHD had fewer hyperactive and impulsive 

symptoms and more inattentive symptoms than 

boys with the illness [23].  

Cadmium (Cd) is generally known as an environ-

mental neurotoxin.  Exposure to Cd has been linked 

to motor impairments, a reduction in dopaminergic 

neurons, and neuropathological alterations in the 

midbrain [24]. Elevated blood cadmium levels 

have been linked to impaired cognitive function 

and motor abilities. Combined exposure to metals 

in drinking water changes the dopamine system, 

changing the activity of tyrosine hydroxylase (TH). 

Toxicology is often determined by exposure to 

metal combinations [25]. Several animal studies 

have looked at how cadmium affects electrophysi-

ological parameters, neurotransmitter function in-

dices, and neurobehavioral outcomes. Studies on 

children have also revealed a link between elevated 

cadmium levels and mental impairment [26]. 
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Conclusions  

ADHD is a prevalent neurodevelopmental disorder 

that can persist into adolescence and adulthood, 

with inattention and impulsivity often remaining 

even when hyperactivity decreases. The study 

found significantly higher levels of heavy metals 

(Pb, Al, and Cd) in ADHD patients compared to 

healthy controls. Cadmium showed a significant 

negative correlation with tyrosine hydroxylase ac-

tivity, suggesting that cadmium exposure may im-

pair dopamine synthesis. Cadmium levels and 

treatment type were identified as significant predic-

tors of TH activity, while Pb, Al, and vitamin D 

showed no significant predictive effect. These find-

ings highlight the possible role of environmental 

factors (heavy metals) and pharmacological treat-

ment in the dopaminergic dysfunction observed in 

ADHD. Screening for heavy metal exposure and 

ensuring balanced nutritional factors, such as vita-

min D may support better ADHD management. 
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