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Abstract: Background: To investigate the association between serum magnesium (Mg) levels and the presence of
coronary artery stenosis, as well as their correlation with oxidative stress biomarkers malondialdehyde (MDA) and
superoxide dismutase (SOD). Methods: In this retrospective study, a total of 42 patients diagnosed with coronary
artery stenosis at the First Affiliated Hospital of Xinjiang Medical University between January 2022 and October
2024 were included as the coronary artery experimental group, while another 42 cases with no significant stenosis
confirmed by coronary angiography during the same period served as the control group. Demographic and clinical
characteristics, as well as serum Mg levels and oxidative stress markers were compared between the two groups.
The correlations between serum Mg levels and both coronary artery stenosis and oxidative stress factors (MDA and
SOD) were analyzed using the Spearman rank correlation coefficient. Receiver operating characteristic (ROC) curve
was used to analyze the diagnostic performance of serum Mg levels on coronary artery stenosis. Results: There
were no significant differences in the baseline demographic characteristics between the two groups (all P>0.05),
including age, gender distribution, body mass index (BMI), educational background, smoking and alcohol consump-
tion history, systolic blood pressure (SBP), diastolic blood pressure (DBP), DM course, fasting plasma glucose (FPG),
glycated hemoglobin (GHb), triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), creatinine (Cr), and blood urea nitrogen (BUN). The stenosis group had
significantly lower serum Mg levels (1.57+0.37 vs. 2.02+0.33 mmol/L, P<0.001) and higher SOD (86.11+21.59
vs. 59.02+17.36 U/mL, P<0.001), while MDA was elevated in controls (24.52+8.33 vs. 18.82+6.37 nmol/mL,
P=0.001). The ROC analysis of serum Mg levels for predicting coronary artery stenosis yielded an area under the
curve (AUC) of 0.825 (95% CI: 0.757-0.923), with an optimal cutoff value of 1.88 mmol/L (standard error: 0.3265),
achieving a sensitivity of 80% and specificity of 75%. Spearman correlation analysis demonstrated a negative as-
sociation between Mg and MDA (r=-0.506, P=0.041) and a positive association with SOD (r=0.288, P=0.008) in
patients with coronary stenosis. Conclusions: Lower serum magnesium levels are significantly associated with an
increased risk of coronary artery stenosis. Moreover, reduced serum Mg correlates with elevated MDA levels and
decreased SOD activity, indicating enhanced oxidative stress.
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Introduction centrations are at higher risk of both the

occurrence and severity of stenosis [2-4].

In recent years, the importance of magnesium
ions in cardiovascular physiology and patho-
logy has attracted increasing attention [1].
Clinical studies have demonstrated a negative
correlation between serum magnesium (Mg)
levels and the severity of coronary artery ste-
nosis; individuals with lower magnesium con-

Hypomagnesemia may contribute to coronary
artery stenosis by impairing vascular endotheli-
al function, promoting vascular smooth muscle
cell proliferation and migration, and disrupting
cellular ion homeostasis [1, 5]. For example,
reduced Mg levels may affect the release of
nitric oxide (NO), an important vasodilator pro-
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duced by vascular endothelial cells, leading to
impaired vasodilation and subsequently pro-
moting the development of coronary artery ste-
nosis [6, 7].

Evidence from oxidative stress studies further
indicates that oxidative stress plays a key role
in the development and progression of coro-
nary artery stenosis. Increased oxidative stress
leads to excessive production of reactive oxy-
gen species (ROS), resulting in lipid peroxida-
tion, protein oxidation, and DNA damage. These
processes trigger vascular inflammation and
apoptosis, promote the formation and instabil-
ity of atherosclerotic plaques, and ultimately
exacerbate coronary artery stenosis [8-11].
Simultaneously, the body’s antioxidant system,
including enzymes such as superoxide dis-
mutase (SOD), and glutathione peroxidase
(GSH-Px), plays an important role in resisting
oxidative stress. When antioxidant capacity
declines, oxidative damage is further exacer-
bated.

Further research has shown an intrinsic link
between Mg ions and oxidative stress [12, 13].
Some experimental evidence suggests that
Mg ions are able to affect intracellular redox
homeostasis, possibly by modulating the activ-
ity of antioxidant enzymes or directly participat-
ing in the scavenging of ROS. However, the pre-
cise mechanisms underlying this relationship
remain incompletely understood [14, 15].

Given the current research status, further
investigations are warranted. At the basic
research level, it is necessary to elucidate the
specific molecular mechanisms by which mag-
nesium regulates oxidative stress, including its
effects on key antioxidant enzymes and oxida-
tive stress-related signaling pathways, as well
as its interactions with other ions in cellular
redox regulation. Clinically, long-term prospec-
tive studies are needed to clarify the effects
of magnesium supplementation on oxidative
stress and the progression of coronary artery
stenosis, and to evaluate its therapeutic effi-
cacy and safety [16]. In addition, individual dif-
ferences, such as genders, ages, genetic back-
grounds, and comorbidities, should be con-
sidered to better guide clinical treatment and
provide more targeted intervention strategies
for the prevention and treatment of cardiovas-
cular diseases.
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Building on the existing evidence, these re-
search directions may help to clarify the com-
plex relationships among Mg, coronary artery
stenosis, and oxidative stress, and open new
avenues for improving the diagnosis and treat-
ment of coronary artery diseases. In this study,
42 patients diagnosed with coronary artery ste-
nosis due to angina pectoris and 42 patients
with no significant stenosis confirmed by coro-
nary angiography in the same period were
included to explore the correlation between
serum Mg levels and coronary artery stenosis.
For the first time, the predictive value of serum
Mg levels for coronary artery stenosis was eval-
uated using the receiver operating characteris-
tic (ROC) curve analysis. Furthermore, the bidi-
rectional relationships between serum Mg le-
vel and oxidative stress markers were investi-
gated, offering a novel perspective for clinical
diagnosis.

Materials and methods
Case selection

This retrospective observational study included
42 patients diagnosed with coronary artery ste-
nosis due to angina pectoris who were admit-
ted to the First Affiliated Hospital of Xinjiang
Medical University between January 2022 and
October 2024, comprising the stenosis group.
A control group of 42 patients with no signifi-
cant coronary artery stenosis, confirmed by
coronary angiography (CAG) during the same
period, were included as the control group.

In the stenosis group, there were 27 males and
15 females, aged 18-75 years, with an avera-
ge age of (61.54+9.81) years. In the control
group, there were 24 males and 18 females,
aged 18-75 years, with an average age of
(64.51+8.75) years. There were no significant
differences in baseline demographic data
between the two groups (P>0.05), indicating
comparability. All procedures involving human
participants were conducted in accordance
with the Declaration of Helsinki (2013) and
were approved by the Ethics Committee of
The First Affiliated Hospital of Xinjiang Medical
University.

Inclusion criteria

Inclusion criteria for stenosis group: (1)
Coronary artery stenosis confirmed by CAG,
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defined as 250% luminal narrowing in at least
one major coronary artery (left main, left ante-
rior descending, left circumflex, or right coro-
nary artery) according to the American Heart
Association classification. (2) Age 18-75 years
old, regardless of gender. (3) Hospitalized for
angina pectoris or suspected coronary heart
disease.

Inclusion criteria for control group: (1) No sig-
nificant coronary artery stenosis confirmed by
CAG, defined as <50% luminal narrowing in all
coronary arteries. (2) Age 18-75 years old,
matched to the stenosis group by age (5
years) and gender. (3) Underwent CAG for clini-
cal indications (e.g., chest pain, abnormal el-
ectrocardiogram) but showed no significant
stenosis.

Exclusion criteria

(1) Active malignancies (e.g., hematological
malignancies or solid tumors) diagnosed within
the past 5 years. (2) Severe immune system
disorders, including AIDS, active systemic lu-
pus erythematosus (SLE) (Disease Activity
Index >10), or congenital immunodeficiency.
(3) Chronic kidney disease (CKD) stage 3
or higher (estimated glomerular filtration rate
[eGFR] <60 mL/min/1.73 m?, calculated by the
CKD-EPI formula); Chronic liver disease, includ-
ing cirrhosis confirmed by imaging or liver biop-
sy, or acute hepatitis (positive hepatitis B/C
virus replication or alanine transaminase >5x
upper limit of normal). (4) Severe hematologi-
cal disorders (hemoglobin <90 g/L in males,
<80 g/L in females) or thrombocytopenia
(<100x10°%/L). (5) Endocrine disorders affect-
ing magnesium metabolism, including primary
hyperparathyroidism, thyrotoxicosis (serum thy-
roxine >14 ug/dL), or type 1 diabetes mellitus
with a course of >10 years and glycated he-
moglobin >10%. (6) Pregnancy or lactation. (7)
History of organ transplantation due to immu-
nosuppressive therapy potentially affecting oxi-
dative stress markers. (8) Incomplete clinical
data, including coronary angiography reports,
key laboratory data (e.g., serum Mg level, malo-
ndialdehyde (MDA), or SOD). (9) Use of magne-
sium supplements or medications affecting
magnesium metabolism within 4 weeks prior
to blood sampling (e.g., intravenous magne-
sium sulfate, oral magnesium oxide, loop
diuretics [furosemide], or proton pump inhibi-
tors [omeprazole]).
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Coronary stenosis severity and lower serum
magnesium levels definition

The severity of coronary artery stenosis was
determined angiographically and categorized
based on the percentage reduction in luminal
diameter relative to the adjacent normal re-
ference segment, consistent with established
clinical and angiographic standards [17].
Stenosis was classified into the following
groups: Mild: <50% diameter narrowing (non-
significant stenosis). Moderate: 50-70% diam-
eter narrowing. Severe: >70% diameter narrow-
ing (hemodynamically significant stenosis).

Stenoses >50% were collectively considered
obstructive coronary artery disease. This clas-
sification defines the stenosis severity groups
used for subsequent analyses. Lower serum
magnesium levels are inversely associated
with the severity of coronary artery stenosis.
Mechanistically, magnesium deficiency pro-
motes endothelial dysfunction, vascular inflam-
mation, and accelerated atherosclerosis pro-
gression, culminating in significant luminal
narrowing. Clinically, patients with severe ste-
nosis (>70% luminal occlusion) exhibit signifi-
cantly lower Mg levels compared to those with
mild-to-moderate disease, independent of tra-
ditional cardiovascular risk factors [5, 18, 19].

Data collection

Baseline data collected for both groups includ-
ed sex, age, body mass index (BMI), education
level, smoking and alcohol consumption histo-
ry, systolic blood pressure (SBP), diastolic blood
pressure (DBP), FPG, GHb, TG, TC, LDL-C, HDL-
C, Cr, BUN levels and comorbidities (e.g., hyper-
tension, diabetes mellitus).

Fasting venous blood samples were collected
in the morning. Following centrifugation, the
supernatant was isolated for biochemical anal-
yses: (1) Serum Mg level detection: Serum mag-
nesium concentration was measured using the
methyl thymol blue colorimetric method on
an ADVIA RCentaur XPT automated chemilumi-
nescence analyzer (Siemens Healthineers,
Germany), with manufacturer provided rea-
gents. (2) Oxidative stress markers: Serum
MDA levels were assayed by the thiobarbituric
acid reactive substances (TBARS) method
using a commercial kit (Nanjing Jiancheng
Bioengineering Institute, China; catalog num-
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Stenosis group Control group
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tributed data, group compari-
sons were conducted using

(n=42) (n=42) t/x° P the independent samples t-
Age 61.54+9.81 64.51+8.75 1.466 0.146 test for two groups, with post
<60 19 17 0194 0.413 hoc Tukey's test performed
560 3 o5 when significant differences
were detected. Non-normally
BMI 23.49+3.23 23.06+£3.29 -0.602 0.549 distributed continuous variab-
SBP 131.27+14.88 136.22+15.4 1.498 0.138 les were analyzed using non-
DBP 82.21+11.91 83.17+11.19 0.380 0.705 parametric tests: the Mann-
DM_COURSE 10.78+4.97 11.01+6.77 2.492 0.115 Whitney U-test for two-group
FPG 8.19+3.22 8.94+3.68 0.994 0.323 comparisons. For categorical
GHb 9.48+217  10.26+2.16 1.638 0.105 data, comparisons between
TG 214+114  197+117 -0.657 0513  8roups were performed using
TC 401$110  3.89+1.00 -0490 0625 ¢ chisquare test, with Fi-
LDL_C 2.17+0.80 2.01+0.63 -1.053 0.296 sher's exact test applied whe-
re expected cell counts were
HDL_C 1.24+0.35 1.16£0.39 -1.003 0.319 <5. Multivariate analysis was
Cr 68.62+15.91 74.77+25.37 1.331 0.187 used to identify independent
BUN 5.94+1.47 6.09+1.62 0.440 0.661 risk factors for coronary ar-
Gender tery stenosis. The correlation
Male 27 24 0.449 0.328 between serum Mg levels and
Female 15 18 the occurrence of coronary
Hypertension artery stenosis as well as the
Yes 15 29 2367 0.093 MDA and SOD Igvels was fur-
No o7 20 ther analyzed gsmg Spea.rman
_ rank correlation coefficient
Smoking test. ROC curve analysis was
Yes 20 23 0.429 0.331 performed to evaluate the pre-
No 22 19 dictive value of serum Mg lev-
DM els for coronary artery steno-
Yes 22 25 0.435 0.330 sis. A P-value <0.05 was
No 20 17 considered statistically signifi-
EDU cant.
Under Bachelor 24 23 0.048 0.500 Results
Bachelor and above 18 19

Note: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; DM, Diabetes
Mellitus; FPG, Fasting Plasma Glucose; GHb, Glycated Hemoglobin; TG, Triglycer-
ides; TC, Total Cholesterol; LDL_C, Low-Density Lipoprotein Cholesterol; HDL_C,

Comparison of baseline data
between the two groups

High-Density Lipoprotein Cholesterol; Cr, Creatinine; BUN, Blood Urea Nitrogen;

DM_COURSE, Diabetes Mellitus COURSE; EDU, education.

ber: A0O03-1). Serum SOD activity was mea-
sured by the xanthine oxidase method using a
corresponding kit from the same supplier
(Nanjing Jiancheng Bioengineering Institute,
China; catalog number: AOO1-3). All procedures
followed the manufacturers’ instructions for
reagent preparation and operation.

Statistical analysis

All statistical analyses were conducted using
SPSS 26.0 (Chicago, IL, USA). For normally dis-

4782

No significant differences we-

re observed between the two

groups in terms of age, sex,
BMI, SBP, DBP, DM course, FPG, GHb, TG, TC,
LDL-C, HDL-C, Cr, or BUN levels (all P>0.05)
(Table 1).

Comparison of Mg, MDA and SOD levels be-
tween the two groups

The stenosis group exhibited significantly lower
serum Mg levels compared to the control group
(t=-5.997, P<0.001). Conversely, MDA level, an
oxidative stress marker, was higher in the con-
trol group than in the stenosis group (t=3.521,
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Table 2. Comparison of Mg, MDA, and SOD
levels between the two groups

Stenosis Control group

group (n=42) (n=42) t P

Table 3. Spearman correlation analysis of
serum magnesium level with stenosis severity
and oxidative stress factors MDA, and SOD

Mg 1.57+0.37 2.02+0.33 -5.997 0.000
MDA 24.52+8.33 18.82+6.37 3.521 0.001
SOD 59.02+17.36 86.11+21.59 -6.334 0.000

Note: Mg, Magnesium; MDA, Malondialdehyde; SOD,
Superoxide Dismutase.
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Figure 1. ROC curve for serum magnesium level in
predicting coronary artery stenosis.

P=0.001). SOD, an antioxidant enzyme, show-
ed a significantly higher level in the stenosis
group compared to the control group (t=
-6.334, P<0.001) (Table 2).

Predictive value of serum Mg levels for coro-
nary artery stenosis

ROC curve analysis demonstrated that serum
Mg levels had a high discriminative ability for
predicting coronary artery stenosis, with an
area under the curve (AUC) of 0.825 (95% CI:
0.757-0.923). The optimal cutoff value was
1.88 mmol/L (standard error: 0.3265), with a
sensitivity of 80% and specificity of 75%
(Figure 1).

Correlation between serum Mg levels and
coronary artery stenosis

Spearman correlation analysis revealed a sig-
nificant negative correlation between serum
Mg levels and the severity of coronary artery
stenosis (r=-0.506, P<0.01) (Table 3).
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Mg
R P
Stenosis severity -0.506 0.001
MDA -0.224 0.041
SOD 0.288 0.008

Note: Mg, Magnesium; MDA, Malondialdehyde; SOD,
Superoxide Dismutase.

Correlation between serum Mg levels and
oxidative stress markers

Spearman correlation analysis revealed that
serum Mg levels were negatively associated
with MDA (r=-0.224, P=0.041) but positively
associated with SOD (r=0.288, P=0.008), indi-
cating that lower magnesium levels were as-
sociated with higher oxidative stress, while
higher magnesium levels were associated with
enhanced antioxidant capacity (Table 3).

Discussion

The clinical manifestations of coronary artery
stenosis are heterogeneous and depend on
the location and severity of the stenosis, as
well as the development of collateral circula-
tion, making the evaluation of treatment out-
comes and prognosis challenging. Serum mag-
nesium plays an essential role in maintaining
cellular function and regulating vascular tone
and blood pressure [20, 21]. Magnesium defi-
ciency exacerbates endothelial dysfunction by
increasing vascular permeability and impairing
vasodilation, thereby accelerating the progres-
sion of coronary stenosis through oxidative
stress pathways [22, 23]. In this context, this
study investigated the correlation between
serum magnesium levels and coronary artery
stenosis. The findings highlight the potential of
serum magnesium as a prognostic biomarker
for coronary artery stenosis, providing valua-
ble insights into disease evaluation and ma-
nagement.

The results of this study showed that the pro-
portions of patients aged over 60 years, and
those with hypertension, a history of smoking
and alcohol consumption, or DM were signifi-
cantly higher in the coronary artery stenosis
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group compared to the control group. Addi-
tionally, serum magnesium levels were signifi-
cantly lower in the stenosis group, suggesting
that age, hypertension, smoking and alcohol
consumption, DM, and serum Mg levels are
important factors influencing the development
of coronary artery stenosis. Older individuals
have a higher risk of coronary atherosclerosis.
Aging is associated with vascular dysfunction,
characterized by increased vascular stiffness
and elevated inflammatory responses, which
contribute to the progression of coronary artery
stenosis [24, 25]. Hypertension can induce vas-
cular endothelial damage, reduce SOD synthe-
sis, and impair endothelium-dependent vasodi-
lation, thereby promoting the development of
coronary artery stenosis [26]. Smoking intro-
duces large amounts of nicotine, which triggers
inflammatory responses and oxidative stress,
leading to endothelial cell damage and dys-
function, ultimately increasing the risk of coro-
nary artery stenosis [27]. Alcohol consumption
affects prostacyclin levels, enhances hyperre-
activity of platelets, and its metabolite acetal-
dehyde reduces guanylate cyclase activity, all
of which facilitate the pathogenesis of co-
ronary artery stenosis [28-30]. Diabetes melli-
tus, characterized by abnormal glucose and
lipid metabolism, contributes to atherosclero-
sis and endothelial dysfunction. Furthermore,
abnormal lipid metabolism aggravates oxida-
tive stress, making diabetes mellitus an inde-
pendent risk factor for coronary artery stenosis
[31, 32].

Magnesium plays a regulatory role in intra-
cellular free calcium concentrations, which is
closely related to vascular contractility. Pre-
vious studies have confirmed that magnesium
deficiency can cause myocardial ischemia and
coronary heart disease and promote the devel-
opment of atherosclerosis. Khatun et al. [24]
demonstrated that magnesium enhances pros-
tacyclin synthesis in vascular endothelial cells,
thereby modulating vasospasm, which is con-
sistent with the results of this study. The ROC
curve provides a graphical representation of
sensitivity and specificity across various thre-
sholds, avoiding reliance on a fixed cutoff and
accommodating intermediate diagnostic stat-
es. This facilitates clinical decision making by
allowing physicians to balance the risks of false
positives and false negatives based on clinical
context. In this study, ROC analysis showed that
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serum Mg levels had an AUC of 0.825 for pre-
dicting coronary artery stenosis, indicating
good discriminative performance.

This study adds to the growing body of eviden-
ce supporting Mg as a potential biomarker for
coronary artery stenosis, demonstrating robust
discriminative capacity (AUC=0.825), compar-
ed to conventional electrolytes such as sodium
and potassium (AUC<0.65), and novel inflam-
matory marker (e.g., GlycA) (AUC=0.74) [18,
33]. Multicenter studies in CKD populations
have also validated the predictive value of Mg
for clinical outcomes, further supporting its
pathophysiological relevance [34, 35].

This study has several limitations. First, the
small sample size (n=84) may limit the statisti-
cal power and generalizability of the findings.
Second, the retrospective design introduces
potential selection bias. Third, the lack of lon-
gitudinal follow-up precludes the evaluation of
temporal associations between magnesium
levels and disease progression. Additionally,
direct comparisons with emerging biomarkers
such as fibroblast growth factor-23 were not
performed. Future research should incorporate
Mg into multivariate models and investigate its
mechanistic role in the pathogenesis of coro-
nary artery stenosis, as highlighted in recent
systematic reviews.

To address the current limitations and enhance
translational relevance, future research should
prioritize large-scale, multicenter cohort stud-
ies to improve the generalizability of findings.
The development of multivariate predictive
models that integrate novel biomarkers and
clinical variables is warranted. Mechanistic
investigations, including both in vitro and in
vivo studies, are essential to delineate the bio-
logical pathways through which magnesium
modulates coronary pathophysiology, bridging
associative findings with causal mechanisms.
Furthermore, the incorporation of magnesium
levels into comprehensive clinical frameworks
alongside established diagnostic and prognos-
tic indicators, could facilitate precision medi-
cine approaches for risk stratification and ther-
apeutic optimization in coronary artery disease.
These concerted efforts will not only refine pre-
dictive accuracy but also deepen the mechanis-
tic understanding of magnesium’s role in vas-
cular pathology.
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In summary, serum magnesium levels are sig-
nificantly associated with the occurrence of
coronary artery stenosis. Changes in serum
magnesium concentrations may serve as a
valuable predictor for the development of coro-
nary artery stenosis, providing novel insights
for clinical diagnosis and risk assessment.

Acknowledgements

This work was supported by Tianshan Talents -
Leading Talents in Science and Technology
Innovation Project (2022TSYCLJO065); Out-
standing Young Science and Technology Ta-
lents Project of the Department of Science
and Technology of Xinjiang Uygur Autonomous
Region (2022D01E23).

Disclosure of conflict of interest

None.

Address correspondence to: Muhuyati, Xinjiang
Medical University, Urumqi, Xinjiang Uygur Au-
tonomous Region, China. Tel: +86-0991-2110666;
E-mail: hasidaer@163.com; Zhigiang Liu, Depart-
ment of General Cardiology, The First Affiliated
Hospital of Xinjiang Medical University, Urumai,
Xinjiang Uygur Autonomous Region, China. Tel: +86-
0991-4364780; E-mail: liuzhigiang1320132@163.
com

References

[1]  Fila M, Chojnacki C, Chojnacki J and Blasiak J.
Nutrients to improve mitochondrial function to
reduce brain energy deficit and oxidative
stress in migraine. Nutrients 2021; 13: 4433.

[2] Qi H, Ge T, Wang K, Wang J, Dang L, Li J and
Wang H. Effect of high magnesium and as-
tragaloside IV on vascular endothelial cells.
Cell Biochem Biophys 2024; 82: 987-996.

[3] Menze R, Hesse B, Kusmierczuk M, Chen D,
Weitkamp T, Bettink S and Scheller B. Synchro-
tron microtomography reveals insights into
the degradation kinetics of bio-degradable
coronary magnesium scaffolds. Bioact Mater
2024; 32: 1-11.

[4] Urbanowicz T, Han¢ A, Frackowiak J, Biatasik-
Misiorny M, Olasinska-WiSniewska A, Krasin-
ska B, Krasifnska-Ptachta A, Tomczak J, Kow-
alewski M, Krasinski Z, Tykarski A and Jemielity
M. Are hair scalp trace elements correlated
with atherosclerosis location in coronary artery
disease? Biol Trace Elem Res 2025; 203:
2122-2131.

4785

(5]

(6]

(7]

(8]

)

(10]

(11]

[12]

[13]

(16]

[17]

Barbagallo M, Veronese N and Dominguez LJ.
Magnesium in aging, health and diseases. Nu-
trients 2021; 13: 463.

Rabbani E, Golgiri F, Janani L, Moradi N, Fallah
S, Abiri B and Vafa M. Randomized study of the
effects of Zinc, Vitamin A, and magnesium co-
supplementation on thyroid function, oxidative
stress, and hs-CRP in patients with hypothy-
roidism. Biol Trace Elem Res 2021; 199: 4074-
4083.

Domitrz | and Cegielska J. Magnesium as an
important factor in the pathogenesis and treat-
ment of migraine-from theory to practice. Nu-
trients 2022; 14: 1089.

Liu M and Dudley SC Jr. Magnesium, oxidative
stress, inflammation, and cardiovascular dis-
ease. Antioxidants (Basel) 2020; 9: 907.
Motta AB. Polycystic ovary syndrome and oxi-
dative stress. Natural treatments. Curr Med
Chem 2025; 32: 1457-1468.

Hamedifard Z, Farrokhian A, Reiner Z, Bah-
mani F, Asemi Z, Ghotbi M and Taghizadeh M.
The effects of combined magnesium and zinc
supplementation on metabolic status in pa-
tients with type 2 diabetes mellitus and coro-
nary heart disease. Lipids Health Dis 2020;
19: 112.

Liu M, Yang H and Mao Y. Magnesium and liver
disease. Ann Transl Med 2019; 7: 578.
Wyparto-Wszelaki M, Wasik M, Machon-Grecka
A, Kasperczyk A, Bellanti F, Kasperczyk S and
Dobrakowski M. Blood magnesium level and
selected oxidative stress indices in lead-ex-
posed workers. Biol Trace Elem Res 2021;
199: 465-472.

Zheltova AA, Kharitonova MV, lezhitsa IN and
Spasov AA. Magnesium deficiency and oxida-
tive stress: an update. Biomedicine (Taipei)
2016; 6: 20.

Long M, Zhu X, Wei X, Zhao D, Jiang L, Li C, Jin
D, Miao C and Du Y. Magnesium in renal fibro-
sis. Int Urol Nephrol 2022; 54: 1881-1889.
Puri¢ V, Petrovic J, Stani¢ D, Ivanovi¢ A,
Kotur-Stevuljevié J and PeSi¢ V. Magnesium
suppresses in vivo oxidative stress and ex vivo
DNA damage induced by protracted ACTH
treatment in rats. Magnes Res 2023; 36: 1-13.
Bezerra DLC, Mendes PMV, Melo SRS, Dos
Santos LR, Santos RO, Vieira SC, Henriques
GS, Freitas BJESA and Marreiro DDN. Hypo-
magnesemia and its relationship with oxida-
tive stress markers in women with breast
cancer. Biol Trace Elem Res 2021; 199: 4466-
4474,

Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn
SD, Fleisher LA, Granger CB, Lange RA, Mack
MJ, Mauri L, Mehran R, Mukherjee D, Newby
LK, O'Gara PT, Sabatine MS, Smith PK and
Smith SC Jr. 2016 ACC/AHA guideline focused

Am J Transl Res 2025;17(6):4779-4787


mailto:liuzhiqiang1320132@163.com
mailto:liuzhiqiang1320132@163.com

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Magnesium predicts coronary stenosis and oxidative stress

update on duration of dual antiplatelet therapy
in patients with coronary artery disease: a re-
port of the American college of cardiology/
American heart association task force on clini-
cal practice guidelines: an update of the 2011
ACCF/AHA/SCAI guideline for percutaneous
coronary intervention, 2011 ACCF/AHA gui-
deline for coronary artery bypass graft sur-
gery, 2012 ACC/AHA/ACP/AATS/PCNA/SCAl/
STS guideline for the diagnosis and manage-
ment of patients with stable ischemic heart
disease, 2013 ACCF/AHA guideline for the
management of ST-elevation myocardial in-
farction, 2014 AHA/ACC guideline for the man-
agement of patients with non-ST-elevation
acute coronary syndromes, and 2014 ACC/
AHA guideline on perioperative cardiovascular
evaluation and management of patients un-
dergoing noncardiac surgery. Circulation 2016;
134:e123-e155.

Elgebaly SA, Christenson RH, Kandil H, El-
Khazragy N, Rashed L, Yacoub B, Eldeeb H, Ali
M, Sharafieh R, Klueh U and Kreutzer DL.
Nourin-dependent miR-137 and miR-106b:
novel early inflammatory diagnostic biomark-
ers for unstable angina patients. Biomolecules
2021; 11: 368.

Rosique-Esteban N, Guasch-Ferre M, Hernan-
dez-Alonso P and Salas-Salvado J. Dietary
magnesium and cardiovascular disease: a re-
view with emphasis in epidemiological studies.
Nutrients 2018; 10: 168.

Liao W, Wei J, Liu C, Luo H, Ruan Y, Mai Y, Yu Q,
Cao Z, Xu J, Zheng D, Sheng Z, Zhou X and Liu
J. Magnesium-L-threonate treats Alzheimer’s
disease by modulating the microbiota-gut-
brain axis. Neural Regen Res 2024; 19: 2281-
2289.

Xiong Y, Ruan YT, Zhao J, Yang YW, Chen LP,
Mai YR, Yu Q, Cao ZY, Liu FF, Liao W and Liu J.
Magnesium-L-threonate exhibited a neuropro-
tective effect against oxidative stress damage
in HT22 cells and Alzheimer’s disease mouse
model. World J Psychiatry 2022; 12: 410-424.
Panczyszyn-Trzewik P, Misztak P, Opoka W,
Nowak G and Sowa-Kucma M. Oxidative stress
responses and their alterations in the Nrf2-
NMDA receptor pathway in the brain of suicide
victims. J Physiol Pharmacol 2023; 74.
Kaliaperumal R, Venkatachalam R, Nagarajan
P and Sabapathy SK. Association of serum
magnesium with oxidative stress in the patho-
genesis of diabetic cataract. Biol Trace Elem
Res 2021; 199: 2869-2873.

Khatun Kali MS, Islam Khan MR, Barman RK,
Hossain MF and Ibne Wahed MI. Cilnidipine
and magnesium sulfate supplement amelio-
rates hyperglycemia, dyslipidemia and inhibits

4786

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

[33]

[34]

oxidative-stress in fructose-induced diabetic
rats. Heliyon 2021; 8: e08671.

Cazzola R, Della Porta M, Piuri G and Maier JA.
Magnesium: a defense line to mitigate inflam-
mation and oxidative stress in adipose tissue.
Antioxidants (Basel) 2024; 13: 893.

Kirmit A, Kader S, Aksoy M, Bal C, Nural C and
Aslan O. Trace elements and oxidative stress
status in patients with psoriasis. Postepy Der-
matol Alergol 2020; 37: 333-339.

Dadaci Z, Oncel M, Oncel Acir N, Sahin E and
Borazan M. Oxidative stress parameters and
serum magnesium levels in patients with sea-
sonal allergic conjunctivitis. Cutan Ocul Toxicol
2016; 35: 270-274.

Liu L, Wang F, Song W, Zhang D, Lin W, Yin Q,
Wang Q, Li H, Yuan Q and Zhang S. Magnesium
promotes vascularization and osseointegra-
tion in diabetic states. Int J Oral Sci 2024; 16:
10.

Arancibia-Hernandez YL, Hernandez-Cruz EY
and Pedraza-Chaverri J. Magnesium (Mg (2+))
deficiency, not well-recognized non-infectious
pandemic: origin and consequence of chronic
inflammatory and oxidative stress-associated
diseases. Cell Physiol Biochem 2023; 57:
1-23.

Mousavi R, Alizadeh M, Asghari Jafarabadi M,
Heidari L, Nikbakht R, Babaahmadi Rezaei H
and Karandish M. Effects of melatonin and/or
magnesium supplementation on biomarkers
of inflammation and oxidative stress in wo-
men with polycystic ovary syndrome: a ran-
domized, double-blind, placebo-controlled tri-
al. Biol Trace Elem Res 2022; 200: 1010-
1019.

Zhao Y, Zhou M, Shang Y, Dou M, Gao S, Yang
H and Zhang F. Effects of co-supplementation
of chromium and magnesium on metabolic
profiles, inflammation, and oxidative stress in
impaired glucose tolerance. Diab Vasc Dis Res
2024; 21: 14791641241228156.

Anto EO, Ofori Boadu WI, Addai-Mensah O, Wi-
afe YA, Owiredu WK, Obirikorang C, Annani-
Akollor ME, Adua E, Appiah M, Opoku S, Ache-
ampong E, Asamoah EA, Owiredu EW, Odame
Anto A, Tawiah A, Ankobea F, Afrifa Yamoah E
and Coall DA. Association between micronutri-
ents, oxidative stress biomarkers and angio-
genic growth mediators in early and late-onset
preeclamptic Ghanaian women. SAGE Open
Med 2023; 11: 20503121231175759.
Connelly MA, Otvos JD, Shalaurova |, Playford
MP and Mehta NN. GlycA, a novel biomarker of
systemic inflammation and cardiovascular dis-
ease risk. J Transl Med 2017; 15: 219.
Ishigaki K, Akiyama M, Kanai M, Takahashi A,
Kawakami E, Sugishita H, Sakaue S, Matoba
N, Low SK, Okada Y, Terao C, Amariuta T, Gazal

Am J Transl Res 2025;17(6):4779-4787



Magnesium predicts coronary stenosis and oxidative stress

S, Kochi Y, Horikoshi M, Suzuki K, Ito K, Koya-
ma S, Ozaki K, Niida S, Sakata Y, Sakata Y,
Kohno T, Shiraishi K, Momozawa Y, Hirata M,
Matsuda K, lkeda M, Iwata N, Ikegawa S, Kou |,
Tanaka T, Nakagawa H, Suzuki A, Hirota T, Tam-
ari M, Chayama K, Miki D, Mori M, Nagayama
S, Daigo Y, Miki Y, Katagiri T, Ogawa O, Obara
W, Ito H, Yoshida T, Imoto |, Takahashi T, Tani-
kawa C, Suzuki T, Sinozaki N, Minami S, Yama-
guchi H, Asai S, Takahashi Y, Yamaji K, Taka-
hashi K, Fujioka T, Takata R, Yanai H,
Masumoto A, Koretsune Y, Kutsumi H, Higashi-
yama M, Murayama S, Minegishi N, Suzuki K,
Tanno K, Shimizu A, Yamaji T, Iwasaki M, Sawa-
da N, Uemura H, Tanaka K, Naito M, Sasaki M,
Wakai K, Tsugane S, Yamamoto M, Yamamoto
K, Murakami Y, Nakamura Y, Raychaudhuri S,
Inazawa J, Yamauchi T, Kadowaki T, Kubo M
and Kamatani Y. Large-scale genome-wide as-
sociation study in a Japanese population iden-
tifies novel susceptibility loci across different
diseases. Nat Genet 2020; 52: 669-679.

4787

[35] Di Saverio S, Podda M, De Simone B, Ceresoli

M, Augustin G, Gori A, Boermeester M, Sartelli
M, Coccolini F, Tarasconi A, De’ Angelis N, We-
ber DG, Tolonen M, Birindelli A, Biffl W, Moore
EE, Kelly M, Soreide K, Kashuk J, Ten Broek R,
Gomes CA, Sugrue M, Davies RJ, Damaskos D,
Leppaniemi A, Kirkpatrick A, Peitzman AB, Fra-
ga GP, Maier RV, Coimbra R, Chiarugi M, Sgan-
ga G, Pisanu A, De’ Angelis GL, Tan E, Van Goor
H, Pata F, Di Carlo |, Chiara O, Litvin A, Campa-
nile FC, Sakakushev B, Tomadze G, Demetrash-
vili Z, Latifi R, Abu-Zidan F, Romeo O, Segovia-
Lohse H, Baiocchi G, Costa D, Rizoli S, Balogh
ZJ, Bendinelli C, Scalea T, Ivatury R, Velmahos
G, Andersson R, Kluger Y, Ansaloni L and Cat-
ena F. Diagnosis and treatment of acute ap-
pendicitis: 2020 update of the WSES Jerusa-
lem guidelines. World J Emerg Surg 2020; 15:
27.

Am J Transl Res 2025;17(6):4779-4787



