



ASSOCIATION OF BLOOD LEVELS OF LEAD, CADMIUM, ARSENIC, ZINC, COPPER, AND SELENIUM IN EARLY ONSET DEMENTIA FEMALE PATIENTS IN OWERRI, NIGERIA.

ABSTRACT
Background: Environmental exposure to heavy metals may be associated with brain damage and thus dementia. Objective: This study was carried out to appraise the blood levels of heavy metals; Lead (Pb), Arsenic(As) Cadmium(Cd) and trace metals; Zinc(Zn), Copper(Cu) and Selenium (Se) in female dementia patients in Owerri, Nigeria. Method: A total of 40 female subjects within the age of 40 to 65 years participated in the study. This comprises of 20 female patients of any type of dementia and 20 female controls.  Venous blood samples were collected aseptically from the subjects by venipuncture using sterile syringes and dispensed into lithium heparin tubes, mixed gently and then stored refrigerated at 2-8℃. Lead (Pb), Cadmium (Cd), Arsenic (As), Zinc (Zn), Selenium (Se) and Copper (Cu) were analyzed using Varian AA240 Atomic Absorption Spectrophotometer. SPSS version 21 was employed in the statistical analysis of the obtained data. Results: There were significantly higher mean values of Lead, Cadmium  and Arsenic compared to the controls, while there were significantly lower mean values of Selenium, Zinc  and Copper  in Dementia subjects, compared to the controls. Conclusion: This study observed higher levels of Lead (Pb), Cadmium (Cd), Arsenic (As) and lower levels of Zinc (Zn), Copper (Cu) and Selenium (Se) parallel to controls, these findings can be implicated in the pathogenesis of dementia. 
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INTRODUCTION
Dementia denotes a group of symptoms characterized by decline in memory, language, reasoning, and other cognitive abilities, to the extent that they disrupt everyday activities [1]. It is a neurodegenerative disorder characterized by progressive and continuous loss of cognitive functions [2]. The neuropsychiatric apathy, agitation, and depression. As the condition progresses, the individual slowly becomes more reliant on others for carrying out daily tasks. Types of dementia includes Alzheimer’s disease, Vascular dementia, Dementia with Lewy bodies, Frontotemporal dementia, Young-onset dementia, Mixed dementia, Alzheimer's accounts for about 60-70% cases of dementia [1, 3].
Dementia has a strong association with factors, such as age, gender, ethnicity, genetics, physical activity, smoking, substance use, education, alcohol intake, body weight, other existing health conditions, and environmental influences. Environmental influences include prolonged natural or work-related exposure to minerals such as Heavy metals (e.g. Pb, Cd and As) and Trace metals (Zn, Cu and Se) [4]. Knowledge of the blood levels of the aforementioned metals is essential in understanding the development of dementia.
Lead (Pb) is a heavy toxic metal; it is a common pollutant that can get into environment from a number of commonly used material such as paints, cosmetics, batteries, glass and poor-quality toys [5]. Lead in the blood affects multiple systems in the body, but the central nervous system is by far the most vulnerable. Lead exposure during childhood has been shown to cause cognitive and behavioral problems [6].
Arsenic (As) is a toxic metalloid found naturally in the environment, impacting millions of individuals globally [7]. Arsenic exposure poses risk of several cancers, cardiovascular disease, and developmental issues in children. Ingesting arsenic through drinking water can also affect cognitive function as people age, with studies showing a significant correlation to lower scores in global cognition, processing speed, and immediate memory [8].
Cadmium (Cd) is a prominent environmental contaminant that can be found in a wide range of foods, including cereals, vegetables, root crops, seafood, meat remnants, and, most notably, in tobacco smoke. Exposure to Cadmium is common because it is widely distributed contaminant. The metal can cross blood-brain barrier (BBB) and accumulate in brain tissue. Once in the brain, cadmium can cause significant neurotoxicity, potentially leading to severe damage to the nervous system and cognitive function over time [9].
Zinc (Zn) is the second most abundant trace element in the human body, following iron [10]. It plays a crucial role in enzyme activation, supports protein structure, and helps regulate gene expression. Zinc is present in various foods, including beef, poultry, seafood, and grains [11]. Commercial zinc supplements typically contain between 7 and 80 mg of elemental zinc and are often formulated as zinc oxide or in salt forms such as acetate, gluconate, and sulfate. Chronic zinc toxicity manifests primarily as copper deficiency [12].
Selenium (Se) an essential antioxidant trace element, plays a crucial role in maintaining overall human health, with particular importance for brain function. In the brain, selenium helps protect against oxidative stress, endoplasmic reticulum stress, and inflammation. Additionally, research suggests that selenium supports neurotransmission by helping to maintain the redox balance, further contributing to the proper functioning of the nervous system [13]. 
Copper (Cu) is a necessary trace metal in nervous system development since disruption of its homeostasis leads to neurodegenerative disorders like Menkes and Wilson’s disease. Cu2+ ions bind to β-amyloid peptides with high rates and increase the proportions of β-sheet and α-helix structures in amyloid peptides, which can be responsible for β-amyloid aggregations [14, 15].
Dementia has shown to have multiple risk factors including toxic exposure to metals, age, sex and genetics. Toxic exposure has been strongly indicated as important factor in the development of dementia, with sources of exposure associated with smoking, paints, batteries, pesticides, even cosmetics used by most women. Higher incidence of dementia has been recorded amongst women compared to their male counterpart. Therefore, this study is designed to assess the blood levels of heavy metals (e.g. Pb, Cd and As) and trace metals (Zn, Cu and Se) 
as a significant factor in the pathogenesis of dementia in females in Owerri, Nigeria.

METHODOLOGY
Study setting and design
This research was performed in Department of Neurology, Federal University Teaching Hospital Owerri (FUTHO) Nigeria. A total of forty (40) female subjects within age range of 40 to 65 years were selected for the study. This consists of 20 female dementia patients registered on the database of FUTHO and 20 age-matched apparently healthy female controls without dementia.

Selection Criteria
Inclusion Criteria
The subjects who were included in this study met the following criteria; female dementia patients registered on the database of FUTHO, Female subjects who signed informed consent (or by legal guardian) to participate in the study, Female subjects with dementia within the age of 40 to 65 years and diagnosed with early onset dementias, Female subjects clinically diagnosed with any form of dementia (e.g  Alzheimer’s and vascular dementia), Dementia patients without chronic illnesses that may affect metal metabolism, and Female subjects without recent exposure to heavy metals or chelation therapy within the last 6 months.
Exclusion Criteria
The following individuals were excluded from the study; Subjects with chronic illnesses that may affect metal metabolism, Individuals not within the age of 40 to 65 years, Subjects with non-dementia neurological conditions, and Individuals whose legal guardian did not sign informed consent to participate in the study. Male subjects were excluded.
Sample Collection and Preparation
Two (2) mls of venous blood was collected aseptically from the subjects by venipuncture using sterile syringes and dispensed into a lithium heparin tube, it was mixed gently, then stored refrigerated at 2-8 ℃. Samples were analyzed within 2 days of collection.
Analytical Methods and Procedures
Heavy metal and Trace metal analyses were determined using VarianAA240 Atomic Absorption Spectrophotometer [16]. The working principle of an Atomic Absorption Spectrophotometer (AAS) is based on the atomization of the sample. The sample is aspirated into the flame, where it is atomized. A light beam from a specific hollow cathode lamp, tuned to the characteristic absorption wavelength of the metal or element of interest, passes through the flame. Cadmium (Cd) absorbs light at 228.8 nm, lead (Pb) at 283.3 nm, selenium (Se) at 196.0 nm, zinc (Zn) at 213.9 nm, arsenic (As) at 193.7 nm, and copper (Cu) at 324.7 nm. The light is then directed into a monochromator, which isolates the wavelength corresponding to the metal. Finally, a detector measures the amount of light absorbed by the atomized metal atoms. The amount of light absorbed is directly proportional to the concentration of the metal in the sample, as each metal absorbs light at its unique wavelength.
Statistical Analysis
IBM SPSS version 21 was employed in statistical analysis. All values were expressed as mean ± standard deviation. The test of significance was determined by student t-test. Pearson correlation was also determined. Values with p<0.05 were considered statistically significant. 







RESULTS
Blood Trace Metals and Heavy Metals in Dementia Subjects 
There were significantly higher mean values of Pb (12.44 ±1.577 vs 9.037±1.581,p=0.001), Cd (0.253 ± 0.095 vs 0.136 ± 0.036,p=0.001), and As (0.360 ± 0.10 vs 0.22 ± 0.42 p=0.001), compared to the controls, while there were significantly lower mean values of Se (21.20 ± 12.49 vs 33.29 ± 9.447 p= 0.002), Zn (74.08 ± 12.86 vs 111.40=-35.45 p=0.001) and Cu (17.62 ± 55.80 vs 121.32 ± 19.9 p=0.001) in Dementia subjects, compared to the controls (Table 2). 
Pearson correlation of heavy metals with trace metals in Female Dementia subjects
There were significant positive correlations of blood Pb with the heavy metals; Cd (r=0.587, p=0.009) and As (r=0.473, p=0.024). There were significant negative correlations of blood Pb with the trace metals; Zn(r= -0.664, p=0.007) Cu(r= -0.554,p=0.006) and Se(r= -0.447,p= 0.019). Also there were significant negative correlation of blood Cd with blood trace metals; Zn(r= -0.676, p=0.000), Cu(r= -0.484, p=0.014) and Se(r=0.905, p=0.000). Furthermore, there were significant negative correlations of blood As with trace metals; Zn(r= -0.426, p=0.034), Cu(r= -0.907, p=0.000) and Se (r= -0.684, p=0.000) (Table 2).   






Table 1: Blood trace and heavy metals in Female Dementia subjects
	Variables          Dementia subjects     Control     t-value     p-value

	(Mean ± SD)           (n=20)                           (n=20)

	Zn (µg/dl)            74.08 ± 12.86             111.40 ± 35.45          -4.41         0.001

	Lower 95% C.I            68.05                        94.82

	Upper 95% C.I             80.10                       127.97

	Cu (µg/dl)             17.62 ± 55.80           121.32 ± 19.90              4.12         0.001

	Lower 95% C.I          150.10                        112.00

	Upper 95% C.I           202.32                        130.65

	Se (µg/dl)               21.21 ± 12.49              33.29 ± 9.44           -3.52        0.002

	Lower 95% C.I            15.35                         28.87

	Upper 95% C.I             27.05                         37.71

	Pb (µg/dl)              12.44 ± 1.579             9.037 ± 1.582           7.035       0.001

	Lower 95% C.I             11.70                            8.29

	Upper 95% C.I              13.17                           9.77

	Cd (µg/dl)           0.253 ± 0.095               0.136 ± 0.036           6.297       0.001

	Lower 95% C.I              0.208                          0.113

	Upper 95% C.I               0.290                          0.151

	As (µg/dl)               0.36 ± 0.10                0.22 ± 0.42             4.14        0.001

	Lower 95% C.I               0.30                           0.20

	Upper 95% C.I                0.41                           0.24

	




	Table 2: Pearson correlation of heavy metals with trace metals in Female Dementia subjects


	
	Pb
	Cd
	As
	Zn
	Cu`
	Se

	Pb
	r-value
	1
	0.587**
	0.473**
	-0.664**
	-0.554**
	-0.447**

	
	p-value
	
	0.009
	0.024
	0.007
	0.006
	0.019

	
	N
	20
	20
	20
	20
	20
	20

	Cd
	r-value
	0.587**
	1
	0.406*
	-0.676**
	-0.484*
	-0.905**

	
	p-value
	0.009
	
	0.040
	0.000
	0.014
	0.000

	
	N
	20
	20
	20
	20
	20
	20

	As
	r-value
	0.473*
	0.406*
	1
	-0.426*
	-0.907**
	-0.684**

	
	p-value
	0.024
	0.040
	
	0.034
	0.000
	0.000

	
	N
	20
	20
	20
	20
	20
	20

	Zn
	r-value
	-0.664**
	-0.676**
	-0.426*
	1
	0.790**
	0.774**

	
	p-value
	0.007
	0.000
	0.034
	
	0.000
	0.000

	
	N
	20
	20
	20
	20
	20
	20

	Cu
	r-value
	-0.554**
	-0.484*
	-0.907**
	0.790**
	1
	0.692**

	
	p-value
	0.006
	0.014
	0.000
	0.000
	
	0.000

	
	N
	20
	20
	20
	20
	20
	20

	Se
	r-value
	-0.447*
	-0.905**
	-0.684**
	0.774**
	0.692**
	1

	
	p-value
	0.019
	0.000
	0.000
	0.000
	0.000
	

	
	N
	20
	20
	20
	20
	20
	20

	**. Correlation is significant at the 0.01 level (2-tailed).










DISCUSSION   
The current study investigated the serum levels of selected heavy and trace metals in female dementia patients compared to age-matched non-demented controls. The findings reveal significant alterations in the homeostasis of both toxic heavy metals and essential trace elements among the dementia group, showing the possible role of metal imbalance in the pathophysiology of cognitive decline.

Lead (Pb) was significantly elevated in dementia patients (12.44 ± 1.58 µg/dL) compared to controls (9.04 ± 1.58 µg/dL; p = 0.001). Lead is a well-established neurotoxicant, capable of inducing oxidative stress, mitochondrial dysfunction, and DNA damage within neuronal tissues. Chronic exposure to even low levels of lead has been associated with memory deficits, cognitive dysfunction, and increased risk of neurodegenerative conditions such as Alzheimer’s disease [17, 18]. Lead can impair the brain’s ability to change connections and interfere with calcium-mediated signaling pathways critical for memory formation. Additionally, Pb may influence amyloid-beta production, enhancing the deposition of plaques characteristic of Alzheimer’s pathology [19].     

Cadmium (Cd) levels were also markedly elevated in dementia patients (0.253 ± 0.095 µg/dL vs. 0.136 ± 0.036 µg/dL; p = 0.001). Cadmium exerts neurotoxic effects primarily through oxidative stress mechanisms, impairing cellular respiration, and disrupting calcium homeostasis [20]. Long-term cadmium exposure has been linked to cognitive deficits and brain atrophy, particularly in elderly populations. Cd accumulation in the central nervous system may also affect         the permeability of the blood-brain barrier, allowing other toxins and inflammatory mediators to penetrate and damage neural tissues [21].

Arsenic (As), another toxic heavy metal, was significantly higher in the dementia group (0.360 ± 0.10 µg/dL) compared to controls (0.22 ± 0.42 µg/dL; p = 0.001). Arsenic exposure has been shown to disrupt various neurological pathways, particularly through oxidative stress and mitochondrial dysfunction [22]. Moreover, arsenic can promote tau hyperphosphorylation and neuro-inflammation both key processes in dementia pathogenesis. A number of studies have correlated chronic arsenic exposure with reduced attention span, slower reaction time, and increased prevalence of dementia-related symptoms [23]. 

In contrast to the heavy metals, levels of essential trace elements such as zinc (Zn), copper (Cu), and selenium (Se) were significantly lower in dementia patients than in the control group.  Zinc (Zn) showed a notable reduction in the dementia group (74.08 ± 12.86 µg/dL) compared to controls (111.40 ± 35.45 µg/dL; p = 0.001). Zinc plays a crucial role in synaptic function, neurotransmission, and the regulation of oxidative stress through its involvement in metalloproteins and antioxidant enzymes like superoxide dismutase (SOD) [24]. A deficiency in zinc may impair memory and learning abilities, and studies have shown a correlation between low zinc levels and increased amyloid plaque formation in the brains of Alzheimer's patients [25,26]. Additionally, zinc contributes to the regulation of immune function, which may be altered in neurodegenerative disorders.

Copper (Cu) levels were significantly reduced in dementia patients (17.62 ± 55.80 µg/dL) compared to controls (121.32 ± 19.90 µg/dL; p = 0.001). While some studies have suggested that elevated copper levels may contribute to Alzheimer's pathology through redox cycling and the promotion of oxidative damage [27], other reports [28] indicate copper deficiency in dementia patients. Copper is essential for cytochrome oxidase activity in mitochondria and for maintaining neuronal energy metabolism. Deficiency may result in impaired neurotransmission and myelin synthesis, both of which are vital to cognitive performance [29].
Selenium (Se) levels were also significantly lower in the dementia group (21.21 ± 12.49 µg/dL) compared to controls (33.29 ± 9.45 µg/dL; p = 0.002). Selenium acts as a cofactor for several antioxidant enzymes, such as glutathione peroxidase and thioredoxin reductase, which are important in mitigating oxidative stress in neurons [30]. Reduced selenium levels may render neurons more vulnerable to oxidative damage, accelerating neurodegenerative processes. Furthermore, selenium has been found to have anti-inflammatory properties and may play a role in reducing the formation of amyloid plaques and neurofibrillary tangles in Alzheimer's disease [31].
There were significant negative correlations of the studied heavy metals; Pb, Cd and As with the studied trace metals; Zn, Cu and Se respectively in this present study. This implies that there were inverse relationships of the heavy metals with the trace metals in the female dementia patients. These findings from the present study collectively suggest that dementia in females may be associated with a dual disruption: an increase in neurotoxic heavy metals and a depletion of neuroprotective trace elements. The imbalance may contribute synergistically to neurodegeneration by enhancing oxidative stress, impairing mitochondrial function, and weakening antioxidant defenses [32].

Gender-specific factors may further modulate these associations. Postmenopausal hormonal changes in females can affect metal metabolism, absorption, and excretion. Estradiol serves as a powerful preventative against neurodegenerative diseases, partly by activating antioxidant defense mechanisms. It helps scavenge reactive oxygen species, reduce mitochondrial protein damage, enhance the activity of the electron transport chain, and minimize mitochondrial DNA damage, all of which contribute to protecting brain health [33]. Environmental and dietary factors, often influenced by cultural and socioeconomic conditions, may also play a role in chronic exposure to heavy metals or insufficient intake of trace elements.
From a clinical perspective, the findings raise the possibility of using certain metals as biomarkers for early diagnosis or progression of dementia. Moreover, therapeutic strategies targeting metal homeostasis such as chelation therapy or dietary supplementation may warrant exploration as adjunct interventions for cognitive decline, especially in populations with high environmental exposure to heavy metals. 

Conclusion
Higher blood levels of heavy metals (Pb, Cd, As) parallels lower blood levels of trace metals (Zn, Cu, Se) in female dementia patients, thus may in part contribute to the pathogenesis of this disorder. The observed metal dysregulation may contribute to oxidative stress and neuronal dysfunction, exacerbating cognitive decline, thus highlights the need for monitoring blood levels of these metals in the treatment and management of dementia patients.
[bookmark: _GoBack]
Recommendation
It is recommended that future studies focus on larger longitudinal cohort studies to confirm the causal role of metal imbalances in dementia. Further research could explore the role of these biometals in specific types of dementia, and how different aspects (e.g. Language) in dementia are affected. Interventions targeting metal homeostasis, such as chelation therapy or dietary supplementation, could be explored. Additionally, addressing environmental exposure to heavy metals may provide valuable insights for preventive and therapeutic strategies in management and care of dementia patients.
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