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There is no doubt that Alzheimer disease (AD) is one of the most deadly and expensive 
diseases in the world today. It accounts for the majority of patients with dementia. The disease 
is caused by a combination of environmental and genetic factors, and identifying effective 
environmental factors can play a significant role in controlling and preventing this disease. 
Heavy metals (HMs) can be ingested, inhaled, or absorbed through the skin by the human 
body. As a result of HM accumulation in the body, many organs, including the nervous system, 
are adversely affected. Accordingly, memory, cognition, and learning functions may be 
negatively affected. In recent years, there has been considerable interest in the effect of HMs 
on AD, and several studies have examined how HMs affect brain function and AD. During this 
study, we will review these studies and examine how HMs may influence AD development. As 
a result of the limitations of traditional methods in identifying HM toxicity, this study discusses 
artificial intelligence (AI) and its advantages and limitations as a tool for determining HMs 
associated with AD.
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Introduction

ementia is a syndrome associated with 
many neurodegenerative diseases, such as 
Alzheimer disease (AD). The disease de-
creases the cognitive and functional activi-
ties of patients, which may lead to death 

[1]. It is estimated that AD accounts for up to 80% of 
all dementia diagnoses, and it is rapidly becoming one 
of the most costly, deadly, and burdensome diseases in 
modern times [2]. From 2000 to 2014, AD-related deaths 
increased by 89% in the United States [3]. Moreover, 
families suffer a great deal of financial and emotional 
stress due to this disease, which is estimated to cost 
nearly $500 billion in direct and indirect healthcare costs 
every year [4]. A number of approximately 50 million 
people are estimated to be living with dementia world-
wide, a number that is expected to triple by 2050, with 
two-thirds of these persons living in low- and middle-
income countries [5]. The prevalence of AD is higher 
in older individuals, with 3% of the 65-75 age group, 
17% of the 75-84 age group, and 32% of the 85+ age 
group suffering from the disorder [1]. In one study, me-
dian survival years after diagnosis of dementia in whites, 
American Indians/Alaska Natives, African Americans, 
Latinos, and Asian Americans were 3.1, 3.4, 3.7, 4.1, and 
4.4 years, respectively [6]. Two-thirds of AD patients are 
women, with genetic factors playing a role. Hispanics 
and African Americans are one and a half times more 
likely to suffer from AD [7].

Compared to water, heavy metals (HMs) are character-
ized by a high density [8]. Depending on their toxicity, 
HMs fall into two categories: Essential and non-essen-
tial. HMs like copper (Cu), Zinc (Zn), cobalt (Co), and 
iron (Fe) have relatively low toxicity at low concentra-
tions, while non-essential metals (such as mercury (Hg), 
cadmium (Cd), chromium (Cr), and arsenic (As) are ex-
tremely toxic [9].As long as Earth exists, HMs are found 
naturally. Due to the exponential increase in HM use in 
agriculture, industry, pharmaceuticals, and domestic ap-
plications, HMs have increasingly accumulated in wa-
ter, soil, and air [10, 11]. The accumulation of HMs in 
the body has been proven to exert adverse health effects 
when they accumulate in the body. Recent environmen-
tal contamination by these metals has raised ecological 
and public health concerns. There are numerous routes 
by which HMs enter the body, including dermal contact, 
inhalation, or ingestion through food and or water con-
taminated with HMs [12]. As a result of HM accumula-
tion in the body, several organs, particularly the nervous, 
respiratory, digestive, and reproductive systems, are se-
verely damaged [9]. It has been shown in both humans 

and animals that HM toxicity affects cognitive devel-
opment, memory, and learning [13]. In clinical studies, 
chronic excess intake of HMs leads to dizziness, cog-
nitive impairments, motor impairments, and headaches 
[14].

Several studies have reported changes in the concen-
tration of HMs in the blood and plasma of AD patients 
compared to control groups. The changes of these met-
als in the cerebrospinal fluid (CSF) of AD patients have 
also been shown, but these studies are more limited. Ger-
hardsson et al. reported that the plasma levels of mag-
nesium (Mg) and Hg in AD patients are significantly 
higher than in the control group. CSF Hg levels were 
also higher in AD patients [15]. Hock et al. also reported 
that in the early stages of AD, the blood Hg concentra-
tion in patients was almost three times higher than in the 
control group. In addition, a strong positive correlation 
was shown between blood Hg levels and beta-amyloid 
peptide concentrations in CSF [16]. Other studies have 
shown changes in other HMs in AD patients. In a study, 
the concentration of aluminum (Al) in the CSF of AD pa-
tients showed a decrease compared to the control group 
[17]. A reduction in the levels of Cd and calcium (Ca) 
and an increase in the concentration of Cu in the CSF of 
AD patients were reported in another study [18]. Also, 
the studies conducted on the brain tissue have shown a 
significant increase in the levels of silicon (Si), tin (Sn), 
Al, and manganese (Mn) in the brain’s parietal cortex in 
AD patients [19].Evidence shows that HMs can increase 
AD-relevant proteins, such as apolipoprotein E4 and 
amyloid beta, in vitro and in vivo [20].

Artificial intelligence (AI) is a field of science and tech-
nology concerned with understanding and implementing 
intelligent behavior through computational means and 
constructing artifacts that exhibit intelligent behavior 
[21]. A wide range of medical fields have been explored 
for the potential applications of intelligent techniques 
since the middle of the last century. Getting rid of com-
plex clinical problems requires acquiring, analyzing, and 
applying much knowledge in modern medicine. AI pro-
grams that assist clinicians in diagnosing disease, mak-
ing therapeutic decisions, and predicting outcomes have 
been at the forefront of medical AI development [22]. 
AI offers significant advantages in analyzing complex 
data, particularly in AD research. It efficiently processes 
large datasets to identify intricate patterns and associa-
tions that conventional techniques may miss. AI inte-
grates genetic data, environmental exposure records, and 
clinical symptoms to assess the impact of HMs on the 
disease. Its ability to generate and test hypotheses using 
machine learning models, such as decision trees (DTs)
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and neural networks, uncovers previously unrecognized 
links between HMs and AD, resulting in more accurate 
predictions of disease risk [22]. AI techniques outper-
form traditional methods by automating complex data 
integration and analysis, providing rapid and precise in-
sights into how HMs contribute to AD, thus facilitating 
the development of effective prevention and treatment 
strategies [19]. 

Given the rising prevalence of AD and its negative im-
pact on individuals and families, along with high care 
costs, it is crucial to identify predisposing factors that 
influence the disease’s progression for effective preven-
tion and management. HMs have been shown to harm 
the body, particularly the nervous system, prompting 
recent studies to explore their impact on AD. This study 
aims to review the effects of HMs on AD. It will also in-
vestigate the potential of AI as a technique for analyzing 
large datasets related to this issue.

Materials and Methods

In this review article, we utilized the National Center 
for Biotechnology Information (NCBI) database to gath-
er information on the effects and concentrations of HMs 
(Fe, Zn, Cu, Cd, Cr, and Hg) related to AD. A search was 
conducted using the NCBI PubMed database, employ-
ing keywords such as “Alzheimer’s disease”, “heavy 
metals”, “iron”, “zinc”, “copper”, “cadmium”, “chromi-
um”, and “mercury”. The search query combined these 
terms with Boolean operators to refine the results. The 
inclusion criteria focused on peer-reviewed articles inves-
tigating the concentrations and effects of the specified 
HMs in AD patients. In contrast, the exclusion criteria 
ruled out studies on other neurodegenerative diseases, 
non-quantitative data, and non-peer-reviewed sources. 
Data extraction included study characteristics, partici-
pant details, reported HM concentrations, their effects 
on AD, and methodological approaches (Figure 1). 

Results 

Role of HMs on AD

The effects of HMs on AD have been reported in pre-
vious research. Amyloid precursor protein (APP) and 
tau protein play an important role in AD development, 
a chronic neurodegenerative disease. Since AD patients 
have shown altered Cu levels in the brain, APP may play 
a role in Cu homeostasis [23]. Al increases the burden 
of beta-amyloid in the brains of experimental animals. 
However, the exact mechanism of Al toxicity in AD is 
unknown [24]. Also, metals such as Fe, Al, Zn, and Cu 

can lead to oxidative damage and create a pro-oxidative 
environment [25]. In senile plaques and neurofibrillary 
tangles, as well as in dopaminergic neurons containing 
melanin in the pars compacta in the early stages of the 
disease, high concentrations of Fe have been observed, 
which may induce oxidative stress and apoptosis [26, 
27]. In addition, it has been shown that hemochroma-
tosis gene alleles can accelerate the onset of AD by 5 
years [28]. The redox activity in this disease is located in 
the cytoplasm of neurons, and it seems that the cellular 
redox activity dependent on metals is mainly influenced 
by metals related to nucleic acids, especially cytoplas-
mic RNAs. Mitochondrial dysfunction, especially in 
cytoskeleton pathology, may increase redox-active HMs 
and create abnormal events leading to AD pathology 
[29]. Hg reduces the risk of AD, but  Cr increases it [30]. 
Another study found a molecular interaction that sug-
gests Hg (II) ions participate in AD aggregation process-
es [31]. According to another study, the patients’ cogni-
tive tests and annual cognitive changes are significantly 
associated with several trace elements. The levels of B, 
Hg, and Th in the plasma of healthy controls and AD pa-
tients were used to evaluate cognitive function in differ-
ent stages [32]. Evidence shows that HM concentrations 
increase in AD brains, and essential metal homeostasis 
is altered, contributing to tau protein hyperphosphory-
lation and Aβ aggregation [33]. Several biochemical 
features commonly identified as diagnostic hallmarks in 
AD brain tissues are also mimicked by Hg. As Hg is a 
component of other HMs, including Zn, Cd, and lead 
(Pb), it is especially pertinent to consider it a potential 
causal or exacerbating factor for AD [34]. Compared 
with healthy volunteers, AD patients have higher plas-
ma levels of various metals, including Al, Cd, selenium 
(Se), and As. The levels of Mn and Hg in plasma of AD 
patients are high, but are not reflected in the CSF of these 
patients [35]. The evidence indicates that Hg could play 
a role in AD. Hg’s levels in the biosphere have increased 
as a result of industrial activities, medicinal use, and fos-
sil fuel burning [36]. Table 1 summarizes the effects of 
HMs on AD and Figure 2 illustrates them. 

AI and health

Managing health systems effectively involves two core 
information processing tasks, as do providing public 
health or health care: One is to screen and diagnose pa-
tients based on their history, examination, and investiga-
tions, and the second is to treat and monitor them based 
on a multistep processes that are planned, implemented, 
and monitored. These processes require hypothesis gen-
eration, hypothesis testing, and action, regardless of the 
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domain in which they are implemented [37]. By discov-
ering previously hidden trends in data, machine learning 
can improve hypothesis generation and testing within 
a health system, thus affecting patients and the entire 
health system. As a result of machine learning, existing 
statistical techniques can be extended using methods that 
do not make assumptions about data distribution. Thus, 
we can develop hypotheses and test hypotheses based on 
data patterns.

Consequently, even though machine learning models 
are more challenging to interpret, they can incorporate 
more variables. They can be generalized across a much 

greater range of data types, enabling them to produce re-
sults in a more complex environment [38]. AI offers two 
critical advantages over human performance in health-
care. 

First, AI can efficiently learn from large datasets, such 
as electronic health records, extracting relevant informa-
tion to enhance organizational performance and support 
clinicians in making informed decisions. Second, AI can 
perform predefined tasks with high accuracy and without 
experiencing burnout, allowing it to operate continuous-
ly without declining performance. This capability can 
revolutionize complex surgeries, as demonstrated by the 
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Da Vinci robotic surgical system, which can precisely 
replicate a surgeon’s hand movements [39]. The field of 
medicine has seen tremendous advancements in the field 
of AI in recent years, and it has been used for detecting 
diseases early, diagnosing cancer, treating chronic con-
ditions, formulating drugs, performing robot-assisted 
surgery, delivering health care, as well as conducting 
research and testing [40].

AI in prediction of HM toxicity

Several HM substances can cause toxicity, even at 
comparatively low exposure levels. The following list 
contains some substances: U, As, Fe, Ag, Cu, Hg, Cr, Zn, 
Pd, Ni, Cd, Pt, and Pb [41]. When HMs enter the food 
chain, they affect all living things, especially humans. 
They enter biotic and abiotic systems and affect both 

[42]. Therefore, monitoring HM-based toxicity and re-
moving these substances from humans and the environ-
ment is crucial. HMs can affect microRNA changes and 
DNA methylation, and cause neurological and metabolic 
disorders [43]. As biotic and abiotic systems become in-
creasingly contaminated with HMs, AI-based technolo-
gies are proving more useful in detecting and removing 
them. Inductively coupled plasma mass spectrometry 
(ICP-MS) techniques detect HMs in human samples; 
however, interference from other elements was present, 
and the data is enormous. Thus, the AI approach, such 
as DT, extreme gradient boosting (XGBoost), multivari-
ate adaptive regression splines (MARS), boosted trees 
(BT), approximate nearest neighbors (ANN), K-nearest 
neighbors (KNN), random forest (RF), and Bayesian 
kernel machine regression (BKMR) are used as a means 
of reducing interference and improving the precision of 

Figure 2. AD and HMs
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Table 1. Articles studying the relationship between HMs and AD 

Ref Detection
Method

HM
Profile Data Sex Age Pathway Type

 
[58] ICP-MS Pb, Cd, Hg Clinical Not specified Not specified

No statistically signifi-
cant correlation was 
observed between 
HM exposure and 

decreased cognitive 
intelligence.

Not specified

 
[59]

Autometallog-
raphy

Silver (Ag), Hg, 
bismuth (Bi) Clinical M/F=9/12

The mean age 
of the control 
group was 65, 
and the mean 

age of AD cases 
was 82.5 years.

Early injury to the locus 
ceruleus (LC) leads to 
tau HYP, and toxicant 

uptake into the LC 
contributes to the 

formation of amyloid-
beta (Aβ).

Not specified

 
[60] AAS Pb, Cd, Hg, Fe, 

Zn, and Al Clinical Not specified

The mean age 
of the control 

group was 72.5, 
and the mean 

age of AD cases 
was 97.5 years.

Mineral imbalance cor-
related with increased 
protein accumulation 
and oxidative stress 
leads to cell death.

-

 
[33] ICP-MS Cd, As, Ni, Hg, 

Tl, and Pb Clinical Equally, men & 
women

The mean age 
of the control 
group was not 
specified, and 
the mean age 

of AD cases was 
65.5 years.

CSF AD biomarkers are 
positively associated 
with essential metals, 

HMs, and essential 
non-metals.

Drinking water, 
soil, indus-

trial emissions, 
automobile 

exhaust, pol-
luted food and 

beverages

 
[61]

Mass spectrom-
etry Zn Clinical Not specified Not specified

The D7H mutation 
develops a novel 

mechanism for the Zn-
dependent clustering 
of the A_ metal-bind-

ing domain.

-

 
[62]

Atomic absorp-
tion Zn, Cu Clinical Equally, men & 

women

The mean age 
of the control 

group was 68.6, 
and the mean 

age of AD cases 
was 76.2 years.

Patients diagnosed 
with AD and Parkinson 

disease (PD) exhib-
ited notably reduced 

average serum Zn 
levels compared to the 

control group.

-

 
[63] - Zn Bio-

marker Not specified -

A comparison of late-
onset AD (LOAD) ver-
sus non-AD dorsolat-
eral prefrontal cortex 

samples identified 582 
Zn-relate ddifferen-

tially expressed genes 
(DEGs)

-

 
[64] - Zn Clinical Not specified Not specified

The ensemble of Zn2+-

bound Aβ42 shares the 
same motion popula-
tions as Aβ42 itself.

Synthesized Zn metal 
carboxylates to man-

age AD.

Not specified

 
[65] - Zn Clinical Not specified Not specified

Anti-Alzheimer 
potential of Zn metal 

carboxylates
Not specified

 
[66] ICP-MS

Mg, Na, Ca, 
K, Cu, Fe, 

Mn, Zn, and 
molybdenum 

(Mo )

Clinical Equally, men & 
women

The mean age 
of the control 
group was 73, 
and the mean 

age of AD cases 
was 72 years.

- Not specified
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Ref Detection
Method

HM
Profile Data Sex Age Pathway Type

 
[67]

Turbidimetric 
specific reaction Cu Clinical Equally, men & 

women

The mean age 
of the control 

group was 55.3, 
and the mean 

age of AD cases 
was 59.96 years.

AD and vascular 
dementia have weak 
correlations between 
Cu and ceruloplasmin 

levels.

Not specified

 
[68]

Isothermal titra-
tion calorimetry 

(ITC)
Cu Clinical Not specified Not specified

The negative δθA 
and δθB values imply 
that the interaction 

between Aβ(1–16) and 
Cu ions may contribute 

to AD development.

-

 
[69] Spectrometry Cu Clinical

Control: 
F/M=60/40 

AD:
F/M=70/30

The mean age 
of the control 
group was 65, 
And the mean 

age of AD cases 
was 75 years.

Cu metabolism is 
altered in AD patients 

treated with Zn.
-

 
[70] - Cu Bio-

marker Not specified -

MicroRNAs played a 
crucial role in reduc-
ing endothelial LRP1 

expression in the pres-
ence of Cu.

Drinking water

 
[71]

Mass spectrom-
etry Cu Clinical Equally, men & 

women

The mean age 
of the control 

group was 70.1, 
and the mean 

age of AD cases 
was 70.3 years.

Increased brain glucose 
levels and insufficient 
brain Cu levels may 

contribute to the de-
velopment of AD.

-

 
[72] - Cu Bio-

marker Not specified Not specified
Cu regulates basal APP 
gene expression in hu-

man fibroblasts.
Not specified

[73] - Cu Clinical Not specified - - -

 
[74] ICP-MS Cu Bio-

marker

F/M: 
Control:

57.5/42.5
AD:60/40

The mean age 
of the control 

group was 69.5, 
and the mean 

age of AD cases 
was 75.5 years.

Near-significant 
decrease in non-

ceruloplasmin-bound 
Cu in the mild cognitive 

impairment and AD 
groups.

-

 
[75] e CP, I CP Cu Clinical Not specified

The mean age 
of the control 

group was 68.6, 
and the mean 

age of AD cases 
was 76.2 years.

- Environmental 
exposure to Cu

 
[76] R programming Cu Bio-

marker

Control: 
male=76.9%, 

female=23.1%
AD:

male=25% 
female=

75%

The mean age 
of the control 

group was 80.3, 
and the mean 

age of AD cases 
was 84.1 years.

- -

 
[77]

Mass spectrom-
etry Cu Clinical

Control:
M/F=50/68

AD:
M/F=41/48

The mean age 
of the control 

group was 77.8, 
and the mean 

age of AD cases 
was 69.9 years.

Correlation between 
peripheral serum Cu 

concentration and AD 
suggests an associa-

tion, with elevated Cu 
levels often observed 

in AD.

-
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Ref Detection
Method

HM
Profile Data Sex Age Pathway Type

 
[78] ICP-MS Cu Clinical M/F=30/70 -

Dietary Cu was cor-
related with slower 

cognitive decline, role 
of Cu homeostasis 

in maintaining brain 
health.

Dietary Cu 
intake

 
[79] Agarose gel Cu Clinical Not specified Not specified

The development of 
cocktail molecules tar-
geting Cu (II)-induced 
oxidative stress and 

Alzheimer acetylcholin-
esterase.

Not specified

 
[80]

Electron 
paramagnetic 

resonance (EPR), 
mass (MS), and 
nuclear mag-

netic resonance 
(NMR) spectros-

copy

Cu Clinical - -

Rosmarinic acid plays 
a role as a mediator 
of the Cu(II)-induced 

neurotoxicity

Not specified

 
[81]

Scanning elec-
tron micros-
copy (SEM), 

dispersive x-ray 
spectroscopy 

(EDS), electron 
energy-loss spec-
troscopy (EELS) 
and focused ion 

beam (FIB)

Fe Clinical -

The mean age 
of the control 
group was not 
specified, and 
the mean age 

of AD cases was 
85.7 years.

Fe deposits detected 
through MRI and his-

tology can be precisely 
localized and analyzed 
using electron micros-

copy techniques.

Not specified

 
[82]

Quantitative 
susceptibility 

mapping
(QSM)

Fe Clinical

Control: 
M/F=7/19

AD: 
M/F=9/21

The mean age 
of the control 

group was 65.5, 
and the mean 

age of AD cases 
was 68.5 years. 

- Not specified

 
[83]

ELISA and chem-
istry analyzer Fe Clinical

Control:
M/F=52/72 

AD:
M/F=26/44

The mean age 
of the control 
group was 74, 
and the mean 

age of AD cases 
was 76 years.

Serum levels of 
hepcidin, Fe, and TIBC 

in patients with AD 
differed significantly 

from those in controls, 
and these levels were 
significantly correlated 
with the severity of the 

disease.

-

 
[84]

ELISA, Immu-
noturbidimetry, 
and colorimetry

Fe, Ca, Mg Clinical

Control: 
M/F=66/34, 

AD:
M/F=50/50

The mean age 
of the control 

group was 68.5, 
and the mean 

age of AD cases 
was 70.5 years.

Oxidative stress, cell 
death -

 
[30]

Wilcoxon rank 
sum, the chi-

squared test, the 
Spearman corre-

lation analysis

As,  Cr, and Se Clinical

Control:
M/F=100/117 

AD:
M/F=12/41

The mean age 
of the control 

group was 71.19, 
and the mean 

age of AD cases 
was 68.5 years.

Oxidative stress, 
increased apoptosis 
in cerebral neurons, 
and increased axonal 

degeneration.

-

 
[33]

ELISA, spec-
troscopy, the 

Spearman and 
Pearson correla-
tion, coefficient, 

and linear 
regression, prin-
cipal component 

analysis

Na, Mg, K, Ca, 
Fe, Co, Mn, 
Cu, Zn, Mo, 

As, Cd, Hg, Ni, 
Pb, Tl

Bio-
marker Not specified -

HMs can cross the 
blood-brain barrier 

(BBB), accumulate in 
the brain, and bypass 

BBB, entering the brain 
directly through the 
olfactory pathway.

Water, soil, 
and air
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Ref Detection
Method

HM
Profile Data Sex Age Pathway Type

 
[85]

Cox proportional 
hazards model, 
Kaplan–Meier 
reverse, Ben-

jamini–Hochberg

Cd, Pb , Zn, 
and Cu Clinical

Control:
M/F=90/40 

AD:
M/F=80/50

The mean age 
of the control 

group was 46.5, 
and the mean 

age of AD cases 
was 68.9 years.

- -

 
[35]

Spectrometry, 
the Spearman 

rank-order coef-
ficient, Braak 

stage

As, Cd, Cr, Co, 
Cu, Fe, Pb, 
Mn, Hg, Ni, 

Sn, V, Zn

Bio-
marker

Male and 
female

The mean age 
of the control 
group was 88, 
and the mean 

age of AD cases 
was 78 years.

- -

 
[36] - Hg Clinical Not specified - - Air and water

 
[31]

NMR spectros-
copy, atomic 

force microscopy 
(AFM) Imaging, 

fluorescence 
spectroscopy

Hg Bio-
marker - -

There are different 
mechanisms of toxic-
ity and exposure for 

metallic, inorganic, and 
organic Hg compounds.

Not specified

 
[32]

Consortium 
to establish 

a registry for 
Alzheimer’s 

disease (CERAD), 
digit symbol 

substitution test 
(DSST), BKMR

Cd Clinical
Male: 51.4%

Female:
48.6%

-

The potential Cd cogni-
tive

283 impairment 
pathway may also 

involve the toxicity of 
cholinergic neurons.

-

 
[86]

Anthropometric 
measurements, 

mini-mental 
state examina-
tion (MMSE), 

clinical dementia 
ranting (CDR)

Cr Clinical M/F=12/25
The mean age of 
AD cases was 74 

years.

Oxidative stress and 
consequent inflamma-
tion in neuronal cells

-

 
[87]

ROC analyses, 
AUC, indepen-
dent-samples

t-test and 
Fisher exact test, 
non-parametric 
Kruskal-Wallis 

test, Jonck-
heere–Terpstra 

test

Cr, Mn, Co, 
germa-

nium (Ge), 
zirconium(Zr), 
antimony (Sb), 
tellurium (Te), 
barium (Ba), 
and platinum 

(Pt)

Bio-
marker

Control: M=9 
AD: M=8

The mean age 
of the control 

group was 
67.0±6.3, and 
the mean age 

of AD cases was 
79.5±8.1 years.

upregulation of the 
IRS1/PI3K/AKT/GSK-3β -

 
[88]

CERAD, animal 
fluency test and 

DSST
Cr Clinical Not specified - -

Air,
Water, soil, 
and food

 
[89]

Two-way analy-
ses of variance, 

hierarchical 
cluster, and prin-
cipal component 

analyses

As, Pb, Hg, 
Zn, Cr
and Fe

Clinical Not specified - - -

Abbreviations: ICP-MS: Inductively-coupled plasma mass spectrometry; AAS: Atomic absorption spectrometry; ELIZA: The 
enzyme-linked immunosorbent assay.
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the data [44].According to one study, HMs such as Hg, 
Co, and Cr were detected in whole blood using ICP-MS 
with eight AI models (SVM, XGBoost, DT, BT, MARS, 
KNN, RF, and ANN), and XGBoost provided more ac-
curate results than the other models [45].

The integration of AI in research on HM toxicity and 
AD holds significant implications for future studies and 
public health policy. AI models have the potential to 
analyze large, complex datasets, facilitating the devel-
opment of sophisticated predictive models that identify 
individuals at high risk for AD due to HM exposure. 
These models can enhance early detection and interven-
tion strategies, potentially slowing the progression of 
the disease. By leveraging AI to integrate diverse data 
types, such as neuroimaging, genetic profiles, and envi-
ronmental exposure records, researchers can gain deeper 
insights into the multifactorial etiology of AD and the 
specific role HMs play in its development [38]. Further-
more, AI can enable personalized treatment approaches 
by helping to develop therapeutic plans based on indi-
vidual exposure histories and genetic susceptibilities, 
leading to more effective management of AD in patients 
with known HM exposure. This personalized approach 
can optimize therapeutic outcomes and minimize ad-
verse effects [40].

Challenges of AI 

Like any new technology, AI and its many advantages 
face various challenges, especially when AI is supposed 
to be used for human health purposes. AI has different 
challenges in different stages of health care. Some of the 
most important ones are mentioned below.

• Deep learning and machine learning models need 
large datasets to accurately classify or predict different 
tasks. In healthcare, however, data availability is a com-
plex issue. Machine learning has seen immense progress 
in sectors with large datasets that can be used to run 
more complex, precise algorithms. Aside from the costs 
associated with health data, there is also an ingrained re-
luctance to share data between hospitals because each 
hospital considers the data their property [46-48].

• In addition to the privacy issues relating to AI-based 
applications, health data security is also a concern. 
Health data is sensitive and is frequently a target for data 
breaches. Protecting patient data is therefore vital [49].

• Additionally, it is difficult to determine the data qual-
ity used in training systems. A health data set has a half-
life of approximately four months, and often, it is messy, 

inconsistent, incorrect, and lacks standardization in 
terms of how it is stored and formatted [48, 50].

• Biases may occur when gathering the data used to 
train the models, resulting in a biased outcome. For ex-
ample, racial biases in creating datasets may lead to un-
derrepresenting minorities, resulting in poorer prediction 
performance than expected [51].

• Overfitting occurs when patients’ variables and out-
comes are correlated in a way that is not relevant. The al-
gorithm uses inappropriate features to predict outcomes 
since there are too many variables relative to outcomes. 
Therefore, the algorithm may work within the training 
dataset but will not predict future outcomes accurately 
[50, 52].

• The leakage of data is another concern. The signifi-
cance of the algorithm in predicting outcomes outside 
the training dataset may be negated if a covariate in the 
dataset has accidentally alluded to the outcome, even if 
the algorithm has exceptionally positive predictive ac-
curacy [50].

• It is commonly criticized that AI technologies are 
black boxes. Deep learning algorithms cannot provide 
detailed explanations for their predictions, which can be 
problematic legally if the recommendations are incor-
rect. As a result, the system cannot justify its recommen-
dations. It is also difficult to understand how the data and 
predictions are related scientifically [53, 54].

Discussion

Over 80% of dementia deaths occur in the elderly (over 
65 years old), with AD accounting for most of them [55]. 
Genetics and environmental factors play a significant 
role in the development of AD. Identifying environmen-
tal factors and exposure pathways is crucial for control-
ling the disease. HMs, commonly found in industrial and 
agricultural settings, have been increasingly recognized 
for their adverse effects on the nervous system and their 
association with AD. Numerous studies have shown 
the presence of these metals in AD patients, highlight-
ing the importance of detecting HMs to aid in diagnosis 
and treatment. Techniques such as ICP-MS and atomic 
absorption spectrometry (AAS) are employed to detect 
HMs in human and environmental samples, with the 
choice of method depending on various factors [56]. 
There are certain limitations to each of these techniques. 
There are several limitations to ICP-MS, such as operat-
ing costs, equipment costs (Ar), a high level of expertise 
among personnel, and a need for many high-purity gases 
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[57]. In addition, interference between background and 
neighboring elements resulted in errors in the data analy-
sis using these techniques.

Consequently, AI techniques such as deep learning, ca-
pable of analyzing many samples simultaneously, have 
received much attention recently. Thus, a variety of AI 
algorithms, such as the genetic algorithm- back propaga-
tion neural network (GA-BPNN), WT-SAE, IRIV, FNN, 
GRNN, successive projections algorithm (SPA), ANN, 
and support vector machine (SVM), can reduce inter-
ference between elements during data processing and 
management. In AI models, algorithms are used to com-
pare the data to analyze it precisely. With this approach, 
hundreds of samples of HM toxicity could be analyzed 
quickly [43]. 

Conclusion 

The study integrates AI with research on HM toxic-
ity and AD, reviewing how metals like Hg, Cd, and As 
contribute to AD pathology through mechanisms such 
as protein aggregation and oxidative stress. AI models 
enhance data accuracy and reveal complex patterns that 
traditional methods may overlook, providing new in-
sights into the relationship between environmental ex-
posure and AD progression. While the study highlights 
AI’s advantages in data processing and hypothesis gen-
eration, it also addresses challenges such as data quality 
and the interpretability of AI models. It emphasizes AI’s 
potential to transform our understanding of HM-related 
AD and the need for improved methodologies and high-
quality datasets. 
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