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AIM: To investigate the diagnostic value of quantitative susceptibility mapping (QSM) in
mild cognitive impairment (MCI) of aluminium (Al) workers.
MATERIALS AND METHODS: The basic data of 53 workers in an Al factory were collected and

divided into the MCI group and normal control (NC) group by Montreal Cognitive Assessment
(MoCA) scores. All participants were tested for plasma Al concentration and had magnetic
resonance imaging (MRI). The QSM values of many areas of the brain were delineated and
measured. Independent two-sample t-tests or non-parametric tests were used to compare the
parameter values between the two groups. Spearman’s correlation analysis was performed
between QSM values, MoCA scores, and plasma Al concentration. The receiver operating char-
acteristic curve and z test were performed to assess diagnostic efficacy and the best parameter.
RESULTS: There was no difference in age and educational level. Plasma Al concentration of

the MCI group was higher than that of NC group (p¼0.057). QSM values of the left hippo-
campus, left dentate nucleus, right substantia nigra, and left putamen in MCI group were
higher than that of NC group (p<0.05), and the left hippocampus had the best diagnostic ef-
ficacy. QSM values correlated negatively with MoCA scores. No correlation was found between
QSM values and plasma Al concentration (p>0.05).
CONCLUSION: QSM might be a neuroimaging marker for the diagnosis of MCI. The left

hippocampus showed the best diagnostic efficacy. Plasma Al concentration of the MCI group
was higher than that of the NC group. A correlation between QSM and plasma Al concentration
was not found.
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Introduction

Mild cognitive impairment (MCI) refers to the clinical
state in which a subject is cognitively impaired usually in
the memory domain, but not diagnosed with dementia.1 It
has been estimated that 10e20% of individuals>65 years of
agewill be diagnosed as havingMCI.2 Studies3,4 have shown
that there is a higher annual rate of progression to Alz-
heimer’s disease (AD) in those with MCI than that among
the general population. Not all MCI patients will progress to
AD and not all are progressive.5 MCI can remain stable and a
meta-analysis found that the reversal rate of up to 18% from
MCI to normal cognition in the follow-up.6 Therefore, early
detection will enable treatment of symptoms, prevent MCI
from progressing to AD, and improve quality of life.

Aluminium (Al) is one of the most prominent elements
on Earth and it has been used in many aspects of life.7 It can
enter body from the skin, nasal cavity, lung, and gastroin-
testinal tract, and according to literature,8 the inhalation
route dominates. With regard to occupational workers, they
could be exposed to Al mainly in metal processing in-
dustries. Reports9,10 have shown Al has neurotoxicity and it
is a potential risk factor for neurodegenerative diseases
includingMCI and AD. Al overload in the body can affect cell
function and cause neuronal cell apoptosis, which eventu-
ally leads to cognitive decline.11 Therefore, long-term
exposure to Al will be harmful to the cognitive function of
workers and cause MCI.

Recently, neuroimaging, in particular magnetic reso-
nance imaging (MRI), has contributed to the identification
of MCI. Susceptibility-weighted imaging (SWI) provides a
feasible non-invasive method for investigating neurode-
generative diseases.12 Gao et al.13 found that the phase
values of the caudate nucleus, red nucleus, and other areas
in the MCI group and AD group were lower than that of
control group. Kirsch et al.14 reported that MCI patients who
developed AD had significant iron deposition in the left
putamen compared with other groups. These indicate that
SWI can be applied to diagnose MCI and monitor whether
MCI has progressed to AD; however, as the field strength
changes caused by magnetic susceptibility are non-local, it
is difficult to observe the tissue magnetic susceptibility
distribution directly, and SWI cannot accurately reflect the
local magnetic susceptibility changes of the tissue.15 Thus, a
more effective and highly sensitive biomarker is required to
investigate MCI.

Quantitative susceptibility mapping (QSM) is a novel MRI
post-processing technique based on SWI, which allows
quantification of the spatial distribution of tissue magnetic
susceptibility in vivo. It can show various complex organ-
isational structures more clearly than SWI,16e18 and it has
been used to assess brain iron deposition in central nervous
system diseases.19,20 There have been only a few studies
applying QSM to study MCI and the results are inconsis-
tent.21,22 Current research on QSM in diagnosing MCI in Al
workers is even rarer. As Al and iron have similar chemical
and physical properties, studies have shown that in AD
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patients, Al and iron levels in neuronal nuclei were mark-
edly higher in AD brains than in age-matched control
brains. Al and iron were found to co-localise in the nuclei of
nerve cells, which might play a pivotal role in neuron
degeneration and AD pathogenesis.37 It was speculated that
QSM could be used to diagnose MCI of occupational Al
workers. Therefore, the aim of the present study was to
explore the diagnostic value of QSM in MCI of Al workers,
and analyse the correlation between QSM values, Montreal
cognitive assessment (MoCA) scores, and plasma Al con-
centration, providing new ideas for early determination of
MCI and assessment of the severity of cognitive decline.

Materials and methods

Subjects

This study is based on previous cohort studies.36 This
study was performed in a large-scale Al factory from
October 2014 to November 2019. The basic characteristics,
MoCA scores, plasma Al concentration, and MRI data of 60
occupational Al exposure workers were analysed retro-
spectively. Among them, seven subjects were excluded
because of unclear QSM images (n¼3), incomplete scanning
of QSM image (n¼1), and abnormal neuropsychological
findings (n¼3). After exclusions, 53 workers were included
and divided into two groups. All subjects were male, with a
median age of 48 (37e57) years old. The above-mentioned
workers all wore work clothes and safety protection
equipment at work. All participants voluntarily participated
and signed an informed consent form. The study was
approved by the Ethics and Human Committees of Shanxi
Medical University. The results of MoCA scores (a total of 30
points) were evaluated by a senior physician.

Inclusion criteria for the study were as follows: (1) MCI
group: a history of cognitive decline, MoCA score <26
points, complete and clear imaging data; (2) normal control
group (NC group, 25 cases): gender, age and education level
matched to the MCI group, MoCA score �26 points, com-
plete and clear imaging data.

Exclusion criteria for the study were as follows: (1) any
conditions that may cause cognitive impairment, including
hepatic or renal disorders, brain trauma, cerebrovascular
diseases, epilepsy, Parkinson’s disease, andmental diseases;
(2) any family history of dementia among first-degree rel-
atives, such as AD; (3) any history of continuous medication
with drugs containing Al, such as anti-acids or drugs
affecting the central nervous system; (4) excessive smokers
and alcoholics; (5) severe mental stimulation and shock in
recent months (such as widowhood, death of parents or
children, car accidents of oneself, parents or children,
serious illness, property damage and disputes with others);
(6) long-term consumption of Al-containing food such as
excessive preference for vermicelli, fried dough sticks, and
tea-containing drinks (>7 times/week); (7) engagement in
Al-related work was <1 year; (8) with known poor vision
and hearing; (9) unable to cooperate.
cial Security de ClinicalKey.es por Elsevier en noviembre 11, 2022. 
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Determination of plasma Al concentrations

Approximately 10 ml of venous blood from each partic-
ipant was collected, centrifuged in a centrifuge (4�C, 5 min,
1000 rpm), and the upper plasmawas placed in a centrifuge
tube. The experimental equipment, such as centrifuge tubes
and pipette tips, should be soaked in acid for 3 days before
use, and washed thoroughly and dried with an ultrapure
water preparation device. The samples were transported to
the laboratory and stored at e80�C until analysis. Plasma
(0.4 ml) and 1.6 ml nitric acid (4%) were mixed well at room
temperature for nitrification for 24 h, and the samples were
subsequently analysed using inductively coupled plasma-
mass spectrometry (ICP-MS) to measure plasma Al con-
centration. When measuring the sample, according to the
random principle, the same sample was measured twice.

Image acquisition

MRI was acquired using a 3 T MRI system (Siemens)
equipped with an eight-channel sensitivity encoding head
coil. The scanning sequences included: T2-weighted imag-
ing (T2WI), T2-weighted fluid-attenuated inversion recov-
ery (T2FLAIR), three-dimensional high-resolution T1-
weighted imaging (3D-T1WI), diffusion-weighted imaging
(DWI), and QSM. According to T2FLAIR and 3D-T1WI im-
ages, malformations were excluded. The specific parame-
ters of each MRI sequence were as follows: (1) T2WI: 3,570
ms repetition time (TR), 175 ms echo time (TE), 90� flip
angle (FA), 6 mm thickness, 220 � 220 matrix, 220 � 220
mm field-of-view (FOV), 57 seconds acquisition time (TA);
(2) T2FLAIR: 8,000 ms TR, 103 ms TE, 150� FA, 6 mm
thickness, 220 � 220 matrix, 220 � 220 mm FOV, 144 sec-
onds TA; (3) 3D-T1WI: 2,530 ms TR, 2.01 ms TE, 900 ms
inversion time (TI), number of excitation (NEX) ¼ 1, 7� FA,
256 � 256 mm FOV, 256 � 256 matrix, 1 � 1 � 1 mm voxel
size,1mm thickness, 362 seconds TA; (4) DWI: 4,500ms TR,
86 ms TE, 6 mm thickness, 220 � 220 mm FOV, 45 seconds
TA. (5) QSM: 35 ms TR, 8.91, 14.58, 18.75, 22.92, 27.09, 31.26,
35.43, 39.6 ms TE, NEX ¼ 1, 20� FA, 222.1 � 222.1 mm FOV,
294� 352matrix, 0.68� 0.68 � 2.20 mm3 acquisition voxel
size, 402 seconds TA.

Post-processing of QSM

First, the original QSM data were exported in DICOM
format. The MATLAB software package was used to process
the image on theMRI post-processing workstation to obtain
the QSM phase map fitted to different echoes. The steps of
algorithm reconstruction included: (1) removal of the
interference of the background magnetic field using the
Projection onto Dipole Fields algorithm (PDF); (2) the in-
verse problem was solved based on the dipole by using the
Morphology Enabled Dipole Inversion (MEDI) method to
obtain the field pattern information related to the magnetic
susceptibility of the tissue; (3) the ill-posed inverse prob-
lem was solved. The “dcm2niigui” software of the “MRI-
croN” software package was used to convert the QSM data
into “nii” format. After preprocessing, such as eddy current
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correction, Gaussian smoothing, and noise reduction, the nii
format data were compressed to obtain the QSM map.

Parameter measurement

The regions of interest (ROIs) included the bilateral
caudate nucleus, putamen, globus pallidus, thalamus, red
nucleus, substantia nigra, dentate nucleus, hippocampus,
genu of corpus callosum, splenium of corpus callosum, the
cingulate gyrus, frontal white matter, parietal white matter,
and temporal white matter (Electronic Supplementary
Material Fig. S1).

MRIcroN software was used to adjust the contrast of the
QSMmap to clarify the boundaries of the ROIs and select the
“view tool” for measurement. With T2 FLAIR and 3D-T1WI
as the reference, the corresponding position on the QSM
map was selected, and the symmetrical positions were
selected on both sides. Then the ROIs were outlined
manually and the susceptibility value was measured. The
ROIs were drawn on consecutive optimal levels. In order to
reduce error, they were measured three times by two
experienced MRI physicians and the average value was
taken as the final result. (1) The caudate nucleus head,
putamen, globus pallidus, thalamus, red nucleus, substantia
nigra, and dentate nucleus were measured according to
their anatomical structure and high signal caused by the
iron bipolar effect was avoided at the periphery of the nu-
cleus and the edgewas drawn along the inner side as shown
on QSM; (2) the remaining ROIs were round with a diam-
eter of 0.5 cm. When drawing ROIs, artefacts due to cere-
brospinal fluid, blood vessels, and partial volume effects
were avoided.

Statistical analysis

All data were analysed using SPSS V.22.0. If the experi-
mental results of each group conformed to normal distri-
bution and the variances were uniform, independent
samples t-tests were conducted to test if these areas and the
QSM values obtained from the MCI group and NC group
were significantly different. On the contrary, a non-
parametric test was used. Spearman’s correlation was
used for correlation analysis between QSM values, MoCA
scores, and plasma Al concentrations. A p-value of <0.05
was considered to be statistically significant. Finally,
receiver operating characteristic (ROC) curve analysis was
performed to show accuracy, sensitivity, and specificity.
MedCalc software was used to compare differences in the
area under the ROC curve (AUC) by z tests.

Results

Subject characteristics

Data from 53 Al factory workers were collected and all
participates were male, with an age range of 37e57 years.
The two groups did not differ significantly in age, gender, or
education level. The plasma Al concentration of the MCI
group was higher than that of NC, and the p-value has a
 Social Security de ClinicalKey.es por Elsevier en noviembre 11, 2022. 
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Table 2
Comparison of the difference of quantitative susceptibility mapping (QSM)
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clear tendency to significance (p¼0.057), which is sum-
marised in Table 1.
values between the mild cognitive impairment (MCI) group and normal
controls (NC) group (x �s).

Regions of interest MCI group (n¼25) NC group (n¼25) p-Value

Caudate nucleus R 60.62 � 4.23 57.17 � 3.16 0.52
L 60.03 � 4.66 52.76 � 3.45 0.23

Putamen R 59.88 � 4.83 66.60 � 3.49 0.28
L 70.00 � 3.58 55.61 � 4.00 0.010a

Globus pallidus R 145.69 � 6.41 148.07 � 4.39 0.56
L 146.78 � 7.57 141.68 � 5.67 0.60

Thalamus R -5.92 � 2.31 -0.56 � 1.95 0.090
L 0.27 � 2.28 0.96 � 1.93 0.82

Substantia nigra R 143.61 � 6.60 114.11 � 6.84 0.003a

L 131.15 � 7.71 134.28 � 8.43 0.79
Red nucleus R 115.26 � 6.38 120.21 � 6.41 0.59

L 112.91 � 7.15 123.57 � 7.25 0.30
Comparison of QSM values between the MCI group and
NC group

Compared to the NC group, QSM values of left hippo-
campus, left dentate nucleus, right substantia nigra, and left
putamen in the MCI group increased significantly (p<0.05).
No significant differences were observed for other
measured ROIs (p>0.05). The comparison results of QSM
values are summarised in Table 2. Representative maps of
patients in the MCI group and NC group are shown in
Electronic Supplementary Material Figs. S2e3.
Hippocampus R -1.13 � 4.01 -6.56 � 4.62 0.21
L 14.98 � 2.90 -14.44 � 3.09 <0.001a

Dentate nucleus R 93.30 � 6.50 91.46 � 5.83 0.84
L 106.70 � 5.69 86.90 � 4.67 0.016a

Frontal lobe R -13.18 � 2.50 -11.57 � 2.96 0.66
L -15.71 � 2.09 -12.83 � 2.13 0.34

Cingulate gyrus R -6.57 � 3.64 -8.97 � 3.59 0.64
L -2.58 � 3.70 -8.60 � 3.85 0.27

Temporal lobe R -8.29 � 2.40 -10.13 � 2.55 0.60
L -5.81 � 2.90 -9.24 � 3.10 0.42

Corpus callosum Knee -5.56 � 2.89 -9.32 � 3.08 0.38
Genu -6.56 � 2.71 -9.56 � 2.70 0.45

Parietal lobe R -5.98 � 2.82 -9.37 � 3.02 0.42
L -6.03 � 2.80 -9.42 � 3.00 0.41

The unit of QSM value is ppb (�10�9).
R, right; L, left.

a These results indicate statistically significant differences.
Correlation analysis

Spearman’s correlation analysis showed that the QSM
values of the left hippocampus, left dentate nucleus, right
substantia nigra, and left putamen correlated negatively
withMoCA scores (r¼e0.610, p<0.001; r¼e0.308, p¼0.025;
r¼e0.391, p¼0.004; r¼e0.366, p¼0.007, Table 3, Fig 1). It
can be seen that with the decline of cognitive function, the
magnetic susceptibility value in the brain of MCI patients
gradually increases. No significant correlation was found
between QSM values of the remaining ROIs and MoCA
scores (p>0.05). No significant correlation was found be-
tween QSM values of all ROIs and plasma Al concentration
(p>0.05, Table 4).
Table 3
Correlation analysis between quantitative susceptibility mapping (QSM)
values and Montreal Cognitive Assessment (MoCA) scores.

Regions of interest MoCA score

p-Value r-Value

Left hippocampus <0.001 -0.61
Left dentate nucleus 0.025 -0.31
Right substantia nigra 0.004 -0.39
Left putamen 0.007 -0.37

p-Value is significant at 0.05 level (two-tailed).
ROC curve analyses

The AUC of the left hippocampus, left dentate nucleus,
right substantia nigra and left putamen were 0.907 (95%
confidence interval [CI], 0.819e0.996), 0.693 (95% CI,
0.550e0.835), 0.743 (95% CI, 0.608e0.878), 0.700 (95% CI,
0.556e0.844), respectively. The accuracy, sensitivity and
specificity were shown in Table 5.

The z test (Table 6, Fig 2) showed that the AUC of the left
hippocampus was higher than that of other structures
(p<0.05). The left hippocampus had higher accuracy,
sensitivity, and specificity when distinguishing patients
with MCI.
Table 1
Comparison of basic data in the mild cognitive impairment (MCI) group and
normal controls (NC) group.

Items MCI group NC group p-Value

No. 28 25 N.S.
Age (years) 47.39 � 1.06 47.20 � 0.97 0.90
Educationa (years) 2.143 � 0.12 2 � 0.06 0.47
MoCA score 18.89 � 0.46 27.96 � 0.19 <0.001
Al (mg/l) 43.85 � 4.91 33.10 � 6.27 0.057

Data for age, education, MoCA score, and plasma Al concentration are pre-
sented as the mean � standard deviation.

a Educational background 1 ¼ primary school, 2 ¼ junior high school,
3 ¼ high school, 4 ¼ university.
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Discussion

This study explored the diagnostic value of QSM inMCI of
occupational Al workers, and analysed the correlation be-
tween QSM values, MoCA scores, and plasma Al concen-
tration. This study found the QSM values of the left
hippocampus, left dentate nucleus, right substantia nigra,
and left putamen in the MCI group increased significantly,
and left hippocampus had the best diagnostic efficacy. In
addition, the QSM values correlated negatively with MoCA
scores. No significant correlation was found between QSM
values and plasma Al concentration.

MCI is usually described as an intermediate cognitive
state between normal aging and dementia. It is reported
that about 10e15% of MCI patients will progress to AD every
year, while the incidence rate in the elderly age-matched
cial Security de ClinicalKey.es por Elsevier en noviembre 11, 2022. 
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Figure 1 Correlation analysis of QSM values and MoCA scores of the left hippocampus (a), left dentate nucleus (b), right substantia nigra (c), and
left putamen (d).
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population is only 1e2%.23,24 Moreover, the prevalence rate
of MCI in retired Al pot-room workers (18.2%) was three-
times greater than the NC group (5.7%).25 Thus, Al
workers represent a special group at high risk of progress-
ing to cognitive decline. Accurate and timely interventions
are the key to prevent the progression of MCI.26

The present study showed the left hippocampus had the
best diagnostic efficacy compared with left dentate nucleus,
right substantia nigra, and left putamen. This observation is
similar to a previous study that showed that QSM values of
the hippocampal fimbria was greater in patients with AD
and can be detected at an early stage in AD38; however, Li
et al.39 found that the QSM values of the putamen were
greater than the hippocampal values in the MCI and AD
groups. This may be caused by the accumulation of non-
paramagnetic material in different stages of AD, or it may
be related to tissue structure.

The hippocampus is an advanced centre closely related
to learning and memory, and is one of the most vulnerable
areas in the brain of AD patients. A previous study showed
that the cognitive function of retired Al workers declined
after prolonged exposure to Al. Walton et al.27 found that
long-term exposure to Al would induce Al to accumulate in
vital memory processing areas in mouse brains (such as the
Descargado para Anonymous User (n/a) en National Library of Health and
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hippocampus). As a result, the level of amyloid precursor
protein becomes elevated, causing the amyloid-b (Ab)
protein joint reaction to promote plaque formation and
cause cognitive abnormalities. Mufson et al.28 reported that
Ab plaques and neurofibrillary tangles (NFTs) deposited in
the CA1 subregion of hippocampus at an early stage. The
CA1 subregion is an area with the largest loss of hippo-
campal neurons in AD patients. It is responsible for trans-
mitting information to the hippocampus, which is then
transmitted to other cognitive structures to form a cognitive
network. Hence, cognitive function will be damaged when
the hippocampus has lesions. Kim et al.29 found that the
magnetic susceptibility had already changed during theMCI
stage, and with progression of the disease, the susceptibility
value of the hippocampus, thalamus, and many other parts
gradually increased, suggesting that QSM can be used as an
auxiliary imaging tool for assessingMCI. Hwang et al.30 used
QSM texture analysis to evaluate the change in texture
characteristics with the progression of disease, and found
that from the NC group to AD group, the QSM values
showed a linear increasing trend. The present study found
that QSM values correlated negatively with the MocA score.
With impairment of cognitive function, the QSM values of
MCI patients gradually increases, which is consistent with
 Social Security de ClinicalKey.es por Elsevier en noviembre 11, 2022. 
ación. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.



Table 4
Correlation analysis between quantitative susceptibility mapping (QSM)
values and plasma Al concentration.

Regions of interest Plasma Al concentration (mg/l)

p-Value r-Value

Caudate nucleus R 0.773 -0.04
L 0.571 -0.08

Putamen R 0.244 -0.16
L 0.236 -0.17

Globus pallidus R 0.084 -0.24
L 0.428 -0.11

Thalamus R 0.417 -0.11
L 0.198 -0.18

Substantia nigra R 0.738 0.047
L 0.111 -0.22

Red nucleus R 0.538 -0.09
L 0.645 -0.07

Hippocampus R 0.804 0.035
L 0.322 0.14

Dentate nucleus R 0.330 -0.14
L 0.975 -0.004

Frontal lobe R 0.078 -0.24
L 0.301 0.15

Cingulate gyrus R 0.718 0.051
L 0.521 0.090

Temporal lobe R 0.423 0.11
L 0.524 0.089

Corpus callosum Knee 0.482 0.099
Genu 0.475 0.10

Parietal lobe R 0.492 0.096
L 0.483 0.099

R¼right; L¼left.

Table 6
The comparison results of z test.

Pairwise comparison z statistics p-Value

Left hippocampus w left dentate nucleus 2.781 0.005
Left hippocampus w left putamen 2.468 0.014
Left hippocampus w right substanitia nigra 1.969 0.049
Left dentate nucleus w left putamen 0.075 0.94
Left dentate nucleus w right substantia nigra 0.488 0.63
Left putamen w right substantia nigra 0.418 0.68

Z.Y. Zhang et al. / Clinical Radiology 77 (2022) 840e847 845
the study of Zheng et al.21 Moreover, the magnetic suscep-
tibility value seems to clarify the severity of cognitive
function impairment, so it is speculated that the QSM value
of hippocampus may be a new imaging marker for evalu-
ating the cognitive function of Al workers.

This study also found that the QSM values of the hip-
pocampus, dentate nucleus, and putamen were slightly
more significant on the left side, while the substantia nigra
showed more obvious changes on the right side, indicating
that the changes of magnetic susceptibility of bilateral
hemispheres are not necessarily simultaneous. Other
studies have also obtained the same results. Acosta-
Cabronero et al.31 found the magnetic susceptibility of
right putamen in AD patients was slightly higher than that
of the left, while the results of the study of Shuang et al.32

were the opposite. Beard et al.33 mentioned that iron
could be transported along axons in dopaminergic neurons.
Thus, the asymmetry of magnetic susceptibility values of
the projected parts of dopaminergic neuronsmay be caused
Table 5
ROC curve analysis results of quantitative susceptibility mapping (QSM) values in

ROIs The MCI group NC group AUC Cut-off

Left hippocampus 14.9837 -14.4431 0.907 6.8967
Left dentate nucleus 106.6973 86.9015 0.693 116.12
Right substantia nigra 143.6128 114.1169 0.743 114.45
Left putamen 70.0051 55.6117 0.700 63.16
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by the asymmetry of iron levels in the substantia nigra. As
individuals have a dominant hemisphere and the process-
ing activity and metabolism of the dominant hemisphere
are greater than that of the other side, the distribution of
magnetic substances may be affected, resulting in the
asymmetry of susceptibility values of bilateral hemispheres.

The plasma Al concentration of the MCI group was
higher than that of NC, and the p-value has a clear tendency
to significance (p¼0.057), and there was no correlation
between QSM values and plasma Al concentration. This is
different from the results of previous studies. Polizzi et al.34

reported that the internal Al concentration of retired
workers was almost twice that of the control group. A
follow-up study by Rondeau et al.35 showed that the Al
concentration in drinking water would influence cognitive
function. These indicate that the differences of individual
variations such as Al intake and metabolism levels can
cause different results. Although Al has neurotoxicity, for
MCI workers who had been exposed to Al for a long time,
the pathological mechanism does not seem to be related to
plasma Al concentration and Al deposition in brain tissue.
The changes in brain tissue of MCI patients are still between
normal aging and AD, the pathological changes are so slight
that it is difficult to identify clinically. Furthermore, the
sample size of this study is relatively small, and plasma Al
concentration of the sample fluctuates widely, which may
affect the results of the study. Many researchers have re-
ported that iron overload also participates in the patho-
genesis of AD. Increased iron can be detected in Ab protein
and NFTs in the putamen and caudate nucleus of AD pa-
tients. Zheng et al.21 found that iron accumulationwasmore
likely to occur in the hippocampus, and the magnetic sus-
ceptibility values were negatively associated with cognitive
scales. This provides a new basis for understanding the
pathological mechanism of MCI. The QSM value measured
in the present study is caused by Al overload or iron over-
load or the result of the combination of two metals, no
definite conclusion could be drawn, the detailed mecha-
nism remains to be further explored.
the mild cognitive impairment (MCI) group and normal controls (NC) group.

value Accuracy (%) Sensitivity (%) Specificity (%) p-Value

88.7 82.1 96.0 <0.001
87 71.7 53.6 92.0 0.016
92 75.5 82.1 68.0 0.002

69.8 64.3 76.0 0.013
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Figure 2 Comparison of ROC curves of QSM values of the left hip-
pocampus, left dentate nucleus, right substantia nigra, and left pu-
tamen when discriminating the two groups.
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This study has the following limitations: (1) the sample
size was relatively small, and the subjects were all men. The
results need to be expanded for further verification. (2) This
study was a retrospective analysis, further longitudinal
studies are needed to observe cognitive function dynami-
cally. (3) The present study only investigated the dis-
tinguishing value of QSM in Al-exposed workers, and did
not conduct joint analysis with other MRI technologies.
Therefore, in the follow-up research, the sample size could
be expanded, and multiple scales and other MRI techniques
could be used in combination to further investigate the
potential of QSM in the cognitive function of occupational
Al workers.

In conclusion, QSM might be a reliable neuroimaging
marker for the diagnosis of MCI. The left hippocampus
showed the best diagnostic efficacy. The plasma Al con-
centration of the MCI group was higher than that of the NC
group. A correlation between QSM parameters and plasma
Al concentration was not found. The mechanism of damage
remains to be elucidated fully.
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