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Abstract

Background: Alzheimer’s disease (AD) is the lead-
ing cause of dementia, resulting in impairments in
memory, cognition, decision-making, and social skills.
Thus, accurate preclinical diagnosis of Alzheimer’s dis-
ease is paramount. The identification of biomarkers for
Alzheimer’s disease through magnetic resonance spec-
troscopy (MRS) represents a novel adjunctive diagnostic
approach.

Objective: This study conducted a meta-analysis of
the diagnostic results of this technology to explore its fea-
sibility and accuracy.

Methods: PubMed, Cochrane Library, EMBASE, and
Web of Science databases were searched without restric-
tions, with the search period extending up to July 31, 2022.
The search strategy employed a combination of subject
headings and keywords. All retrieved documents under-
went screening by two researchers, who selected them for
meta-analysis. The included literature was analyzed us-
ing Review Manager 5.4 software, with corresponding bias
maps, forest plots, and summary receiver operating charac-
teristic (SROC) curves generated and analyzed.

Results: A total of 344 articles were retrieved initially,
with 11 articles meeting the criteria for inclusion in the anal-
ysis. The analysis encompassed data from approximately
1766 patients. In the forest plot, both sensitivity (95% CI)
and specificity (95% CI) approached 1. Examining the true
positive rate, false positive rate, true negative rate, and false
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negative rate, all studies on the summary receiver operat-
ing characteristic (SROC) curve clustered in the upper left
quadrant, suggesting a very high accuracy of biomarkers
detected by MRS for diagnosing Alzheimer’s disease.

Conclusion: The detection of biomarkers by MRS
demonstrates feasibility and high accuracy in diagnosing
AD. This technology holds promise for widespread adop-
tion in the clinical diagnosis of AD in the future.
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Introduction

Alzheimer’s disease (AD) is a neurodegenerative con-
dition characterized by its insidious onset and progressive
development, impacting over 280 million people globally
[1]. Dementia typically manifests with symptoms such as
memory loss, aphasia, apraxia, agnosia, impaired visuospa-
tial skills, executive dysfunction, and alterations in person-
ality and behavior [2]. The precise cause of the condition
remains unclear. Onset of dementia before the age of 65 is
termed early-onset dementia, while after the age of 65, it is
commonly referred to as late-onset dementia [3]. AD repre-
sents a continuous disease process, starting from the onset
of pathological changes and culminating in the emergence
of clinical symptoms. Pathophysiological alterations begin
15 to 20 years before the onset of clinical manifestations
[4].

The pre-dementia stage is divided into mild cog-
nitive impairment (MCI) and pre-MCI. The MCI stage
refers to memory impairment without affecting activities
of daily living, often accompanied by varying degrees of
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neuropathological changes [5]. The pre-MCI stage, also
known as the preclinical stage, refers to the absence of
clinical manifestations or extremely mild symptoms, de-
spite the presence of neuropathological changes [6]. Cur-
rently, there is no cure for AD, but several approaches aim
to manage symptoms and improve patients’ quality of life.
Drug therapies, including cholinesterase inhibitors and N-
methy-D-aspartate (NMDA) receptor antagonists, can help
improve cognitive functions. Additionally, behavioral and
environmental interventions, such as cognitive stimulation
and structured daily routines, along with supportive thera-
pies like psychosocial support and occupational and physi-
cal therapy, are common treatment strategies. Biomarkers
can be utilized to monitor the pathological changes of AD
[7].

The study of biomarkers in MCI and pre-MCI stages
holds promise for advancing the early diagnosis of AD and
establishing a crucial foundation for further prevention and
treatment [8]. Yilmaz et al. [9] conducted a meta-analysis
examining the relationship between brain metabolites and
cerebrospinal fluid biomarkers, along with apolipoprotein
E, in Alzheimer’s patients using proton magnetic resonance
spectroscopy (1H-MRS) [10]. The findings revealed signif-
icant decreases in N-acetylaspartate (NAA), NAA/creatine
(CR), NAA/inositol (ML), and ML/CR levels in AD pa-
tients, suggesting their potential utility as biomarkers. ML
and tau, NAA/CR and Aβ 42, as well as the combined as-
sessment of NAA/CR and tau, may aid in distinguishing
between MCI/AD patients and healthy individuals.

MRS is utilized to investigate molecular structures,
interactions between molecules, molecular dynamics, and
the composition of biological solutions, synthetic solutions,
or composite mixtures [11–13]. Quintero ME et al. [14]
conducted a review on the metabolomics of degenerative
brain diseases. They concluded, based on their examination
of diagnostic methods, that Nuclear Magnetic Resonance
(NMR) and Mass Spectrometry (MS) are the most com-
monly employed bioanalytical techniques in metabolomics.
Additionally, they underscored the invaluable role of MRS
in identifying biomarkers of AD. Their study analyzed the
accuracy and feasibility of MRS in detecting AD biomark-
ers, reviewed relevant literature, conducted meta-analyses,
and evaluated MRS methodologies.

Method

Search Strategy

This article adheres strictly to the PRISMA 2020
guidelines (Supplementary File 1). The search was con-

ducted across multiple databases, including PubMed, EM-
BASE, the Cochrane Library, and Web of Science, with-
out restrictions on time, country, or language. The search
period spanned from May 15, 2022, to July 31, 2022. A
retrieval method combining subject words with keywords
was employed. The search criteria included “((carbon-13
magnetic resonance spectroscopy) or (electron spin reso-
nance spectroscopy) or (nuclear magnetic resonance) or
(proton magnetic resonance spectroscopy) or (magnetic
resonance spectroscopy)) and ((Alzheimer’s disease) or
(Alzheimer’s)) and ((biomarkers) or (biomarker))”. Two
researchers independently screened the retrieved literature.
Subsequently, meta-analyses were conducted on the se-
lected studies, and forest plots, bias maps, and summary
receiver operating characteristic (SROC) curves were gen-
erated.

Selection Criteria

The inclusion criteria for the literature were as fol-
lows: (1) Participants in the studies, such as those with
AD and MCI, met the diagnostic criteria for AD and MCI
and were diagnosed as AD and MCI patients through medi-
cal imaging. (2) The literature discussed the detection of
biomarkers using MRS in patients and provided descrip-
tions of the detected biomarkers. (3) The literature included
specific statistical data.

Exclusion criteria for the literature were: (1) Dupli-
cate publications. (2) Reviews. (3) Meta-analyses. (4) In-
complete texts. (5) Studies not related to humans, including
those involving mouse, rat, zebrafish, or Beagle dog mod-
els. (6) Studies focusing on the effects of insulin resistance,
hyperglycemia, Down syndrome, and diabetes on the hu-
man brain. (7) Studies unrelated to AD orMRS. (8) Studies
that only screened biomarkers without involving patients.

All retrieved documents underwent the above screen-
ing process and were independently reviewed by two re-
searchers.

Data Extraction

The data encompassed fundamental information from
the literature, including the first author, publication year,
study design, sample size, sample characteristics, and de-
tails regardingMRS detection of biomarkers. Patients diag-
nosed with AD underwent clinical examination combined
with imaging studies, with some cases also involving patho-
logical examination. The rates and numbers of patients
classified as true positive, false positive, true negative, and
false negative were extracted for analysis.
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Table 1. Basic information for included studies and included patients.
Literature Country Number of

participants
AD patients

(n/average age)
MCI patients
(n/average age)

Healthy people
(n/average age)

Type of
technology

Biomarkers for diagnosis The most important
biomarkers for diagnosis

Figueira J
2019 [18]

Sweden 311 53/82.4 ± 6.4 57/78.1 ± 5.9 201/79.9 ± 6.7 NMR Threonine, Aspartate, Creatine, N,N-Dimethylglycine, L-Alanine,
Acetic acid, Acetoacetic acid, 2-Hydroxybutyrate, Glutamine,
L-Tyrosine, Trimethylamine, Isobutyrate, Propylene glycol

threonine

Jääskeläinen
O 2020 [19]

Finland 498 359/72.8 ± 7.7 96/70.3 ± 9.2 43/58.5 ± 10.9 NMR AB42, tTau, PTau, Lipoproteins, Cholesterols, Glycerides,
Phospholipids, Fatty acids, Energy and ketone bodies, Amino acids,

Energy and ketone bodies, Amino acids, Organic nitrous,
Organosulfurs

CSF AB42, CSF tTau,
CSF PTau, CSF amyloid,

CSF tau

Sheelakumari
R 2018 [20]

India 68 15/69.45 ±
5.48

33/69.13 ±
6.00

20/62.27 ±
7.52

MRI, DTI gray matter atrophy, white matter tract changes, NAA, CR, CHO, MI NAA/Cr, Cho/Cr, mI/Cr,
and NAA/mI

Hane FT
2018 [21]

Canada 9 4/71.3 ± 6.2 - 5/70.0 ± 4.5 MRI, MRS MoCA Score, Norm. Xe-WM signal @ 60 s, Norm. Xe-GM signal @
60 s, Xe Washout Parameter–WM, Xe Washout Parameter−GM

Xe Washout
Parameter–WM, Xe

Washout Parameter−GM
Hone-
Blanchet A
2022 [17]

USA 120 - 12/67.6 ± 10.6 108/65.7 ±
6.05

MRS GABA+, GABA+/tCr, tCr, ml, ml/tCr, tCho, tCho/tCr, tNAA,
tNAA/tCr, Glu+GIn(Glx), Glx/tCr, GM, WM, CSF

GABA+, CSF tau,
Aβ1–42

Vignoli A
2020 [22]

Italy 86 34/58.5 ± 3 20/57 ± 4 32/54 ± 8 1H NMR Aβ42, t-tau, p-tau, Ascorbate, 3-hydroxyisovalerate,
3-hydroxybutyrate, 2-hydroxybutyrate, 2-hydroxyisovalerate, Glucose,

Citrate, Lactate, Acetone, Pyruvate

Valine

Waragai M
2014 [23]

Japan 228 44/80.6 ± 7.3 67/78.15 ± 7.3 93/74.6 ± 10.2 VSRAD
combined
with 1H
MRS

MTA, NAA/Cr, NAA/MI, MTA, MMSE NAA/MI, MTA
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Table 1. Continued.
Literature Country Number of

participants
AD patients

(n/average age)
MCI patients
(n/average age)

Healthy people
(n/average age)

Type of
technology

Biomarkers for diagnosis The most important
biomarkers for diagnosis

Kherchouche
A 2022 [16]

France 111 33 49 29 1H-MRS - -

Hone-
Blanchet A
2022 [15]

Georgia 187 - - 187/45.6 ±
4.36

MRS GABA+, GABA+/tCr, tCr, ml, ml/tCr, tCho, tCho/tCr, tNAA,
tNAA/tCr, Glx, Glx/tCr, GM, WM, CSF, MOCA, Free Recall, Trail

Making B, Aβ1-42, p-tau, t-tau

t-tau/Aβ1-42

Schott JM
2010 [24]

UK 69 46/68.9 ± 7.2 - 23/69.1 ± 6.7 MRS NAA/Cr, Cho/Cr, myo-inositol /Cr, NAA/myo-inositol NAA/MI

Mullins R
2018 [25]

USA 79 25/74.3 ± 7.3 - 54/55.6 ± 8.65 MRS,
J-PRESS

Glucose, Ascorbate, Lactate, NAA, Glutamate, Glutamine,
Scyllo-inositol, Phosphocholine, Myo-inositol, Glutathione, Alanine,

NAAG, GABA

brain glucose

AD, Alzheimer’s disease; NMR, Nuclear Magnetic Resonance; MRS, magnetic resonance spectroscopy; MTA, Medial Temporal Atrophy; NAA/Cr, N-acetylaspartate to Creatine ratio; NAA/MI, N-acetylaspartate
to Myo-Inositol ratio; MTA, Mean Temporal Arterial pressure; MMSE, Mini-Mental State Examination; GABA+, gamma-aminobutyric acid; GABA+/tCr, total Creatine; tCr, total Creatine; MI, Myo-Inositol; tCho,
total Choline; GM, Gray Matter; WM, White Matter; CSF, Cerebrospinal Fluid; MOCA, Montreal Cognitive Assessment; NAAG, N-Acetylaspartylglutamate; DTI, diffusion tensor imaging; MCI, mild cognitive
impairment; MRI, Magnetic Resonance Imaging; VSRAD, Voxel-Based Specific Regional Analysis System for Alzhimer‘s Disease.
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Study Quality Evaluation and Bias Analysis

The quality assessment of the diagnostic accuracy of
MRS for AD utilized the QUADAS-2 tool, which com-
prises four domains: patient selection, index test, reference
standard, and flow and timing. Each domain was evalu-
ated for the risk of bias, and attention was paid to the rel-
evance of the information provided in the included litera-
ture. Studies meeting the inclusion criteria and providing
detailed descriptions of patients and conditions were classi-
fied as high-quality studies. Conversely, studies failing to
meet the inclusion criteria or lacking detailed descriptions
of patients and conditions were categorized as low-quality
studies.

The questions within the seven aspects were evaluated
as either “yes” or “no” accordingly. Subsequently, the in-
formation from these seven aspects was summarized and
presented in a mapping format.

Statistical Analysis

In this study, ReviewManager software (Revman, 5.4,
Copenhagen, Denmark) was employed for meta-analysis
and diagnostic research. The accuracy of MRS detection
of biomarkers in diagnosing AD was analyzed using for-
est plots, while sensitivity and specificity were depicted
through the SROC curve. When available, diagnostic accu-
racy rates from included literature were directly extracted.
In cases where direct data were unavailable, diagnostic ac-
curacy was calculated based on other data provided in the
literature. Statistical significance was set at p< 0.05 for all
analyses.

Results

Literature Screening

A total of 344 articles closely related to AD,MRS, and
biomarkers were identified through searches across four lit-
erature databases. Following three rounds of screening,
the following exclusions were made: 216 duplicate docu-
ments, 41 reviews, 6 meta-analyses, 8 documents lacking
full-text access, 25 studies involving non-human models, 8
documents primarily focusing on other diseases with signif-
icant effects on the human brain, 23 studies not investigat-
ing AD detection using MRS, and 1 study solely examining
biomarkers without patient-related information. Addition-
ally, 5 articles unrelated to the diagnosis of AD were re-
moved. Ultimately, 11 articles were selected for inclusion
in the study, as depicted in Fig. 1.

Basic Data in the Included Literature

The data from 11 included articles were extracted,
encompassing details such as the first author, publica-
tion years, country, number of participants, AD patients
(n/average age), MCI patients (n/average age), healthy
individuals (n/average age), type of technology used for
biomarkers in diagnosis, and the most significant biomark-
ers for diagnosis. These details have been organized into a
list (Table 1, Ref. [15–25]).

Bias Information

The risk and bias of the 11 included literatures were
analyzed and evaluated across six aspects. The significant
bias of the results is illustrated in Fig. 2.

Forest Map

The detected biomarkers, including the percentage of
MCI and AD, healthy individuals and AD patients, healthy
individuals andMCI, and effective diagnosis, constitute the
true positive rate, which reflects the accuracy of the MRS
detection method. Meta-analysis was conducted on the true
positive rate, false positive rate, true negative rate, and false
negative rate of MRS detection in the included literature,
yielding the corresponding forest plot. This is illustrated in
Fig. 3.

SROC Curve

Using Revman 5.4 software to draw the SROC curve,
it was observed that most studies are clustered in the up-
per left quadrant, with some nearing a value of 1. This is
depicted in Fig. 4.

Discussion

The histopathological features of AD include neuroin-
flammatory plaques, neurofibrillary tangles, neuronal loss
with gliosis, neuronal granule vacuolar degeneration, and
vascular amyloidosis [26,27]. The progression of AD can
be naturally divided into three stages: the preclinical stage
(pre-MCI), MCI, and AD dementia stage [28]. However,
molecular pathology changes precede cognitive impairment
by decades. Identifying these molecular changes is crucial
in discovering biomarkers for early AD diagnosis. Early in-
tervention is essential for patients to avoid AD occurrence
[29].
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Fig. 1. Results of literature search and the process of literature selection. 344 articles on the diagnosis of Alzheimer’s disease (AD)
by magnetic resonance spectroscopy (MRS) detection biomarkers were obtained by searching 4 databases. After screening at various
levels, 11 articles were finally included in the analysis.

Fig. 2. The bias assessment of the 11 included articles using Revman 5.4. (A) The graph of risk of bias and applicability concerns,
representing the reviewers’ judgments about each domain as percentages across the included studies. (B) A summary of risk of bias and
applicability concerns for each domain in every included study, using color coding: red for high, yellow for unclear, and green for low.
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Fig. 3. Forest map. Values are shown with 95 per cent confidence intervals.

Fig. 4. Summary receiver operating characteristic (SROC)
curve.

Established biomarkers of AD include amyloid β pep-
tide (Aβ) [30], β-Site app cleaving enzyme 1 (BACE1),
and amyloid-β oligomers [31]. Aβ, the main component
of senile plaques (SPs), consists of polypeptides contain-
ing 36 to 43 amino acids. Aβ42 levels significantly de-
crease, even in the MCI stage, while Aβ40 levels remain
unchanged, resulting in a decreased Aβ42/Aβ40 ratio [32].
Tau, the main component of neurofibrillary tangles (NFTs),
is a neuronal microtubule-associated protein that stabilizes
the microtubule network. In AD patients, tau protein is
highly phosphorylated and prone to aggregation, leading to
NFT formation, neuronal microtubule disruption, and neu-
ron degeneration [33]. BACE1, the primary β-secretase, is
a crucial enzyme in the amyloid precursor protein (APP)
cleavage process.

In addition to the above biomarkers, plasma biomark-
ers of AD include β-amyloid in plasma, Apolipoprotein
E (ApoE), Apolipoprotein J (APOJ), and APP in platelets
[34]. The urine biomarker for AD is AD-associated neuro-
filament protein (AD7C NTP) [35]. Other AD biomarkers
include advanced glycation end products (AGEs) and iso-
prostaglandins (IP) [36].

Currently, MRS is being utilized for the detection of
biomarkers in patients with AD. Numerous AD-specific
biomarkers have been identified, and multiple studies have
demonstrated the significant diagnostic and therapeutic im-
plications of these detection results. This study high-
lights the high accuracy of utilizing MRS for detecting AD
biomarkers.

Meta-analysis of the selected literature reveals that the
sensitivity and specificity of MRS detection methods are
very close to 1, with all study results clustered in the upper
left corner of the SROC curve. This indicates the promising
clinical potential of MRS biomarkers in AD diagnosis.

For instance, Bolo NR et al. [37] employed proton
MRS to assess the concentration of inositol in the ACC,
and measured fasting blood glucose and insulin levels in
11 healthy individuals. Subsequently, a 60-minute hyper-
glycemic clamp test was conducted to maintain stable blood
glucose levels while elevating plasma insulin concentra-
tions. The results revealed a 9% reduction in inositol during
the hyperinsulin-normoglycemic clamp, suggesting that el-
evated inositol levels may be attributed to decreased cere-
bral insulin levels or action, potentially associated with dys-
functional brain networks leading to cognitive or emotional
disorders. Similarly, Matthews DC et al. [38] investigated
the therapeutic effects of riluzole, a glutamate modulator,
in 42 AD patients, of which 20 received placebo treatment
only. Proton magnetic resonance spectroscopy was utilized
to assess the neuronal vitality marker NAA, while magnetic
resonance spectroscopy was employed to measure gluta-
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mate levels in the cingulate gyrus of the brain. The results
revealed a significant reduction in the decrease of local glu-
cose metabolism index in the brain in the treatment group,
indicating a notable improvement in the disorder of gluta-
mate neural circuits.

Hone-Blanchet A et al. [15] explored the associa-
tion between frontal metabolites and AD biomarkers in nor-
mal elderly individuals. They utilized proton magnetic res-
onance spectroscopy to assess frontal metabolites in 144
elderly subjects. The levels of gamma-aminobutyric acid
(GABA+), inositol, and creatine (mI/tCr) in the frontal lobe
of normal elderly individuals were found to be correlated
with age. GABA+ levels decreased with age, while mI/tCr
levels decreased with age. This study adds further evidence
to the utility of MRS in investigating biomarkers related
to aging, pathological aging, and AD. Kherchouche A et
al. [16] conducted a comprehensive investigation on MRS-
based neural network detection for early dementia and pro-
posed an attention-guided supervised deep learning frame-
work for early AD detection using 1H-MRS data. Their
analysis of 1H-MRS samples from 33 normal controls, 49
patients with MCI caused by AD, and 29 patients with
AD in university hospitals demonstrated that the framework
achieved an accuracy of 95.23%, indicating the stable de-
tection of early AD biomarkers associated with metabolite
characteristics.

Avgerinos KI et al. [39] administered keto monoester
(KME) treatment to 50 adults aged ≥55 years with cog-
nitive intactness and metabolic syndrome. Participants
consumed a drink containing 25 g KME three times a
day for 28 days, following which the concentration of
β-hydroxybutyrate (BHB) and various brain and muscle
metabolites in the precuneus were measured using MRS.
The results indicated that oral KME could safely induce
severe ketosis, enhance brain ketosis, and improve cogni-
tive abilities, with significant relevance to AD. Insel PS et
al. [40] investigated the relationship between ApoEε2 and
ε4, age, and amyloid beta in cognitively unimpaired adults.
Their findings suggested that the presence of the ApoEε2
allele suppressed amyloid beta deposition in individuals
carrying the ApoEε4 risk allele. Ballarini T et al. [41]
conducted a longitudinal study on cognitive impairment and
dementia, examining the relationship between the Mediter-
ranean diet, AD biomarkers, and brain atrophy in elderly
individuals. Their study, which included 169 cognitively
normal participants, 53 relatives with AD, 209 patients with
subjective cognitive decline, and 81 patients with MCI, re-
vealed that adherence to the Mediterranean diet was associ-
ated with a protective effect against memory loss and mid-
dle temporal lobe atrophy, along with significant reductions
in amyloid and tau proteins in the brain.

The biomarkers detected through MRS serve as effec-
tive evidence for diagnosing MCI, enabling the early pre-
diction of AD and providing valuable insights to poten-
tial patients for implementing preventive measures in their
daily lives.

Hone-Blanchet A et al. [17] conducted 3T voxel mag-
netic resonance imaging of the medial frontal cortex in
120 elderly women with normal cognition and women with
MCI. The results indicated a decrease in γ-aminobutyric
acid (GABA+) levels in the frontal lobe of women with
MCI, highlighting a strong correlation between frontal lobe
GABA+ levels and neural aging.

Talwar P et al. [42] conducted a meta-analysis on var-
ious imaging examinations of AD, focusing on the quantita-
tive and/or functional data of neuroimaging patterns inMCI
and/or AD. Notably, consistent bilateral destruction of the
precuneus lobe, medial temporal lobe, and limbic system
was observed in functional magnetic resonance imaging
among AD patients. Diffusion tensor imaging (DTI) con-
firmed atrophic changes in the corpus callosum observed
in MCI and AD patients, while molecular imaging revealed
variablemetabolite concentrations in the posterior cingulate
cortex (PCC). These findings underscore the potential for
more accurate AD diagnosis through multiple neuroimag-
ing methods.

Biomarkers have increasingly become pivotal indica-
tors for AD diagnosis, with biomarker research emerging
as a significant focus of study. Tao Q et al. [43] investi-
gated the relationship between C-reactive protein and ApoE
genotypes, as well as cognitive function and AD biomark-
ers. Their study included 566 participants, of whom 222
carried one risk allele and 70 were homozygous carriers of
two risk alleles. The results demonstrated a correlation be-
tween increased C-reactive protein (CRP) levels and ele-
vated total tau protein and phosphorylated tau protein lev-
els in cerebrospinal fluid. It was concluded that C-reactive
protein released due to peripheral blood inflammation may
serve as a biomarker for AD and a potential therapeutic tar-
get for the disease. Kivimäki M et al. [44] examined the re-
lationship between cognitive stimulation in the workplace
and subsequent dementia risk in a study involving 110,000
participants. Through statistical analysis of participant data
and levels of nerve growth guidance factor homolog 2, car-
bohydrate sulfotransferase (CHSTC), and peptide glycine
Adrenomyeloneuropathy (AMD) in the central nervous sys-
tem, it was determined that individuals engaged in cogni-
tively stimulating work had a lower risk of dementia.

Positron Emission Tomography-Computed Tomogra-
phy (PET-CT) imaging can also detect biomarkers of AD
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and is a novel detection method known for its high accu-
racy. La Joie R et al. [45] investigated the clinical mani-
festations of AD, the presence of the ApoE ε4 allele, and
the association of AD with β-amyloid and tau protein loads
[18,45,46]. They studied 119 β-amyloid positive symp-
tomatic AD patients and found that the clinical phenotype
of AD was associated with different distribution patterns of
tau protein but not amyloid protein. Age and the ApoE ε4
genotype were identified as risk factors for AD [19–21,47].

Vignoli et al. [22] evaluated the relationship between
the incidence rate of AD and factors such as age, sex, ApoE
ε4 genotype, and clinical diagnosis. They recruited 166
elderly individuals with normal cognitive function, 77 pa-
tients with MCI, and 62 dementia patients clinically di-
agnosed with AD. After performing amyloid PET and tau
protein detection in the brain via PET imaging, the results
indicated a strong correlation between AD dementia and
biomarker-labeled PET examination.

Despite yielding significant results, this study has sev-
eral limitations. Firstly, the small number of selected arti-
cles and limited sample sizes may introduce selection bias.
Secondly, the scope of the study is restricted, potentially
failing to comprehensively cover all relevant literature, thus
limiting the generalizability of the results. Additionally,
methodological differences among studies may affect result
consistency.

Therefore, future research should focus on increasing
sample sizes and considering differences among different
populations. Furthermore, comparing different study meth-
ods is necessary to determine the optimal biomarker detec-
tion strategy. Finally, standardizing and normalizing MRS
techniques is crucial to ensure their robustness and reliabil-
ity in clinical practice.

Conclusion

The detection of biomarkers by MRS demonstrates
feasibility and high accuracy in diagnosing AD. This tech-
nology holds promise for widespread application in the clin-
ical diagnosis of AD in the future.
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