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Purpose: Given the beneficial effect of MgSO4 on the cardiovascular system, this study was 
designed to investigate the effect of MgSO4 administration on suppressing some athero-
sclerotic risk factors in moderate coronary artery disease patients with one or two athero-
sclerotic vessels.
Patients and Methods: In a randomized double-blind placebo-controlled clinical trial 
study, 64 patients with moderate coronary artery disease (55–69% stenosis) were selected 
according to angiography findings. Patients were divided into four groups including patients 
with one or two atherosclerotic vessels treated with MgSO4 (Mg-treated-VR1, Mg-treated- 
VR2, respectively), placebo treated patients with one or two atherosclerotic vessels (Control- 
VR1, Control-VR2, respectively). The patients received either placebo or MgSO4 supple-
ment capsule containing 300 mg MgSO4 for six months on a daily basis. ESR, Ca/Mg ratio, 
urine Mg level, serum Mg, fibrinogen, homocysteine, uric acid, Na, K, Ca, CRP, T3, T4, 
TSH, BUN, and Cr concentrations were measured at baseline and every three months.
Results: Serum T3, Ca, K, homocysteine, CRP, and Mg concentrations were significantly 
improved in Mg-treated groups compared to placebo groups.
Conclusion: The results of this study showed that despite the slight change in serum 
magnesium level, oral administration of MgSO4for six months could slightly reduce the 
serum levels of some inflammatory and vascular factors in moderate coronary artery disease 
patients.
Keywords: atherosclerosis, MgSO4, fibrinogen, CRP, homocysteine, thyroid hormones

Introduction
Cardiovascular diseases are spreading rapidly among human population; hyperten-
sion and atherosclerosis are major causes of the disease.1 Cardiologists are eagerly 
looking for a way to prevent or stop the process of atherosclerosis. Many factors 
such as serum Ca and uric acid levels are involved in atherosclerosis induction.2 

Intracellular Ca modulates LDL transport across endothelial cells3 and it can 
change to oxLDL. oxLDL is taken up by macrophages and vascular smooth muscle 
cells via a different kind of scavenger receptor and this is the first step in the 
development of atherosclerotic plaques.4 Studies have also shown that Ca is the 
most important cation that can increase catecholamine secretion from the adrenal 
gland, and catecholamine in turn increases the release of fatty acids from the 
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adipose tissue.5,6 Burn et al reported that sympathetic 
stimulation to release catecholamine from adrenal gland 
is dependent on plasma Ca concentration and this action 
could be antagonized by Mg.7 Homocysteine is another 
risk factor for atherosclerosis induction and it is known to 
mediate cardiovascular problems through its opposing 
properties affecting the cardiovascular endothelium and 
smooth muscle cells with secondary alterations in subcli-
nical arterial structure and function.8 It also might trigger 
the release of catecholamines.8 Fang et al demonstrated 
that homocysteine accelerated atherosclerosis in mice.9

Some studies considered fibrinogen as a major cardio-
vascular risk factor10,11 and they showed that the indepen-
dent link between higher fibrinogen level and presence of 
coronary atherosclerosis.12 Moreover, there is a significant 
correlation between Mg deficiency and cardiovascular pro-
blems such as atherosclerosis by increasing plasma LDL 
level and promoting inflammation.13–15 Low serum Mg is 
associated with an increased risk of coronary heart disease 
mortality and sudden cardiac death.16 Studies have shown 
that low plasma Mg level causes endothelial dysfunction, 
which is another step for atherosclerotic plaque 
formation.14 Some researchers argued that Mg therapy 
could control BP better, improve endothelial function, 
and ameliorate subclinical atherosclerosis in hypertensive 
women.17 Orimoand et al found that Mg could suppress 
the development of atherosclerotic lesions in the aorta of 
cholesterol-fed rabbits without any changes on plasma 
total cholesterol and HDL-cholesterol levels.3 Hangyuan 
Guo et al showed the beneficial effect of Mg on the 
pathogenesis of coronary artery diseases by managing 
homocysteine-induced vessel problem.18 Our previous 
studies19–22 showed that in addition to the antidiabetic 
effect of MgSO4, it also could improve blood pressure, 
lipid profile, plasma oxLDL level and decrease LOX1 gene 
and protein expression in diabetic vessels in rats. Our 
previous findings also showed that MgSO4 could decrease 
the sensitivity of the diabetic vessels to catecholamine and 
improve vessel structure and function.

Given the beneficial effect of MgSO4 on the cardiovascu-
lar system as discussed above, this study attempted to inves-
tigate the effect of MgSO4 administration on suppressing some 
atherosclerotic risk factors in moderate coronary artery disease 
patients with one or two atherosclerotic vessels.

Patients and Methods
Present study is a randomized, double-blind, placebo-con-
trolled trial study; and it was conducted in accordance with 

principles of good clinical practice and the ethical principles 
that have their origin in the Declaration of Helsinki. The 
Ethics Committee of Hormozgan University of Medical 
Sciences (ethic number IR.HUMS.REC.1397.019) has 
approved the study and it has been registered in the Iranian 
Registry of Clinical Trials (IRCT20151028024756N3 with 
registration number 29,097). All data of the present study 
have been filed in the angiography department of HUMS, 
furthermore, all our data is available in the Iranian Registry 
of Clinical Trials. All patients have completed an informed 
consent form and then entered the study; based on the com-
pleted form, all patients were allowed to publish the study 
results. This study has maintained the confidentiality of 
information and privacy of the participants. All participants 
and researchers were blinded to the study protocol, but the 
study predictor had access to the data and patients’ informa-
tion. Sample randomization was allocated between groups 
using a computer-generated sequence of random numbers. 
The research flow diagram is shown in Figure 1.

Participants
According to the SD for homocysteine ratio (which was 
determined in the pilot study) and the biostatistician sug-
gestion, the sample size in this study was determined using 
following formula:

n ¼ 2SD zα=2þZβ
� �2

=d2

zα=2¼ 1:96;Zβ¼0:84; d ¼ 0:05; SD ¼ 0:01
� �

Angiography was done through femoral access and it 
evaluated epicardial coronary arteries including: (1) left ante-
rior descending artery and major diagonal branches with 
larger than 2 mm in diameter; (2) left circumflex and large 
obtuse marginal or left PLV or left PDA if present; (3) right 
coronary artery and branches larger than 2 mm. According to 
angiography findings, patients with moderate coronary artery 
disease having one or two major coronary arteries with 
55–69% stenosis were selected. Women over 55 and men 
over 45 were included and their medications were adjusted. 
The study exclusion criteria were as follows: pregnancy, 
taking Mg and Ca containing supplements, having renal 
insufficiency (serum Cr levels more than 1.3 mg/dL in 
women and more than 1.5 mg/dL in men), having increased 
hepatic enzymes (more than three folds over normal values), 
current infections (less than one month prior to study) and 
chronic inflammatory diseases, CVA, cancer and drug sensi-
tivity. Atorvastatin, aspirin, clopidogrel, metoprolol, nitrate, 
losartan, and metformin were used for treatment. Based on 
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randomization, patients were put into the following groups: 
(1) MgSO4 treated moderate coronary artery disease patients 
with one atherosclerotic vessel (Mg-treated-VR1); (2) 
MgSO4 treated moderate coronary artery disease patients 
with two atherosclerotic vessels (Mg-treated-VR2); (3) pla-
cebo treated moderate coronary artery disease patients with 
one atherosclerotic vessel (Control-VR1); (4) placebo treated 
moderate coronary artery disease patients with two athero-
sclerotic vessels (Control-VR2). Mg-treated groups received 
one capsule containing 300 mg of MgSO4 every morning for 
six months. The participants in placebo groups also received 
the same capsule containing wheat flour every morning for 
six months (Figure 1). Patients in all groups had the usual diet 
and performed physical activity during the study; only eight 
patients in each groups did not participate in the study com-
pletely. The patients were followed-up in person every month 
to see if they adhered to pharmacological treatment. The 
same cardiologist blinded to the patients grouping visited 
all patients every three months. Baseline and every three 
months fasting blood samples were taken. Serum was sepa-
rated by centrifugation at 1500 g for 10 min and stored at 
−80°C until assay of biomedical markers.

Study Outcomes
The primary outcome was based on angiography findings, 
homocysteine, serum CRP and Mg levels, Ca/Mg ratio as 

well as urine Mg level measured prior to the intervention 
and at three-month intervals after the intervention. The 
secondary outcome was based on serum Cr, BUN, fibrino-
gen, ESR, uric acid, Na, K, Ca, T3, T4, and TSH concen-
trations measured during the abovementioned periods.

Measurements
The same weight and meter were used for measuring all 
participants’ in terms of height and weight.

The weight was measured while the participant was 
clothed scantily with no shoes. To determine BMI, weight 
in kilograms was divided by height in square meters.23 

CLIA was applied to measure the thyroid function tests 
including serum total T3, total T4, and TSH. Serum Mg, 
Ca, K, Na, homocysteine, fibrinogen, uric acid, and urine 
Mg levels were measured using appropriate kits (Pars 
Azmun, Iran).

Statistical Analysis
The findings were shown as mean ±SD; the normality of 
all variables was studied using Kolmogorov–Smirnov test. 
Student’s t-test and one way ANOVA with Tukey's post 
hoc test were performed to analyze the likely variations 
between case and control group prior to intervention.

Student’s t-test and one way ANOVA with Tukey's post 
hoc test were done to compare the groups and study the 

34 not responding the phone

300 angiography documents were 
reviewed 

150 documents suitable for the study

89 came to office for primary evaluation

27 not agreed to take part 

80 had clinical & laboratory study criteria

80 randomized

40 Placebo group 40 Mg group

8 lost to follow up:

3 moved from the city
5 atherosclerosis plaques 
were observed in more than 
two vessels

8 lost to follow up:

1 had allergy to the 
treatment
2 moved from the city
5 atherosclerosis plaques 
were observed in more than 
two vessels

19 CompletedVR2 6 
months intervention

13 Completed VR1
6 months intervention

13Completed VR1 6 
months intervention

19 Completed VR2 6 
months intervention

Figure 1 Study flow diagram.
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likely differences between means of each group during the 
intervention. SPSS software, version 13, was applied to 
perform the analyses and P<0.05 was considered statisti-
cally significant.

Results
Sixty-four participants took part in the current study, and 
based on randomization, they were put into MgSO4 treated 
moderate coronary artery disease patients with one athero-
sclerotic vessel (Mg-treated-VR1, N=13), MgSO4 treated 
moderate coronary artery disease patients with two ather-
osclerotic vessels (Mg-treated-VR2, N=19), placebo trea-
ted moderate coronary artery disease patients with one 
atherosclerotic vessel (Control-VR1, N=13) and placebo 
treated moderate coronary artery disease patients with two 
atherosclerotic vessels (Control-VR2, N=19). The MgSO4- 
treated groups took 300 mg MgSO4 capsules daily. The 
placebo groups took placebo capsules. Eight participants 
in each MgSO4-treated and placebo group discontinued the 
study during the follow-up period because of migration or 
failing to fit eligibility criteria. The remaining participants 
in all groups underwent the complete six-month interven-
tion successfully (Figure 1). Tables 1–3 show the study 
variables prior to the interventions.

In Table 4, all variables before intervention were com-
pared in VR1 and VR2 patients. As shown in Table 4, our 
findings showed that ESR, serum Cr, uric acid, and T4 
levels in VR1 participants were significantly less than VR2 
patients before intervention, and serum T3 level was sig-
nificantly greater than VR2 participants.

There were no statistical differences between Mg-trea-
ted-VR1 and control-VR1 groups before intervention 
(Tables 1 and 2 and Figure 2). No statistical differences 
were also seen between Mg-treated-VR2 and control-VR2 
groups before intervention (Tables 1 and 2 and Figure 2). 
Nevertheless, significant differences were observed 
between ESR, serum homocysteine, and T4 concentrations 
between VR1 and VR2 in Mg-treated and control groups 
before intervention (Figures 3 and 4 respectively).

According to the results in Figure 2, MgSO4 adminis-
tration for three months could significantly decrease Ca/ 
Mg ratio, serum Ca, T3, and CRP levels in Mg-treated- 
VR1 compared to control-VR1 groups. MgSO4 therapy 
also could significantly increase serum K, Mg, and homo-
cysteine levels in Mg-treated-VR1 compared to the con-
trol-VR1 groups. Serum homocysteine level was also 
significantly increased in Mg-treated-VR2 groups com-
pared to control-VR2 patients (Figures 2–4).

According to Figures 2 and 3, three months after 
MgSO4 therapy in VR1 group, significant changes were 
observed in some data such as serum ESR, Ca/Mg ratio 
and serum CRP level if compared with their levels before 
intervention. Serum Ca level, ESR and Ca/Mg ratio in 
control-VR2 group was significantly decreased compared 
to the levels before intervention (Figures 2 and 3). Serum 
homocysteine levels in both VR1 control and magnesium 
treated groups before the intervention were less compared 
to VR2 patients in both groups (Figure 3).

Six months after intervention, our results showed sig-
nificant changes between Mg-treated-VR2 and control- 
VR2 groups in terms of Ca/Mg ratio, serum Ca, Mg and 
homocysteine levels (Figures 2 and 3). Significant changes 
in serum levels of magnesium and CRP were observed 
between Mg-treated-VR1 and control-VR1 six months 
after the intervention (Figures 2 and 3).

Discussion
The current study was a randomized double-blind clinical 
trial conducted on patients suffering from one or two coron-
ary artery diseases. The results of the present study showed 
that ESR, homocysteine, and T4 concentrations were signifi-
cantly lower in Mg-treated-VR1 and control-VR1 groups 
compared to Mg-treated-VR2 and control-VR2 groups 
before intervention, respectively. Administration of 300 
mg/daily MgSO4 for six months significantly improved 
some atherosclerotic risk factors such as serum homocys-
teine, CRP, Ca, T3, K, and Mg levels compared to placebo 
received groups.

Based on our previous studies19,20 in chronic diabetic 
animal models, it was shown that oral administration of 
MgSO4 could dilate the vessels and improve atherosclerosis. 
It is not clear how Mg reduces atherosclerosis, but according 
to our previous findings, Mg is likely to improve athero-
sclerosis by reducing plasma oxLDL level and its receptor 
in endothelial cells.19 Moreover, hypomagnesemia increases 
the intracellular calcium level. Ca plays an important role in 
signaling pathways such as activation of NMDA receptor, 
which, in turn, causes the release vasoconstrictor agents, 
increase lipid peroxidation and NF-κB activation in smooth 
arteries. All these mechanisms can increase vessel 
atherosclerosis.24 We decided to design the present study to 
investigate the effect of MgSO4 administration on suppres-
sing some atherosclerotic factors in moderate coronary artery 
disease patients with one or two atherosclerotic vessels.

Most of the cardiovascular patients were shown to be 
hypomagnesemic.17,23 The inverse relationships of the Mg 
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Table 1 Study Variables in MgSO4 Treated Moderate Coronary Artery Disease Patients with One (Mg-Treated-VR1) and Two (Mg- 
Treated-VR2) Atherosclerotic Vessels as Well as in Placebo Treated Patients with One (Control-VR1) and Two (Control-VR2) 
Atherosclerotic Vessels Before Intervention. Data Were Presented as Mean ±SD and Analyzed Using Repeated Measure and 
ANCOVA

Variables Mg-Treated Group Control Group P value

VR1 (N=13) VR2 (N=19) VR1 (N=13) VR2 (N=19)

Age (years) 59.2±2.1 60.6±1.8 6.2±1.6 61.2±1.5 0.5

EF 57±0.01 56±0.01 57±0.09 55±0.01 0.6
Ca (mg/dL) 9.7±0.1 9.6±0.09 9.6±0.1 9.7±0.1 0.6

K (mEq/dL) 4.2±0.1 4.4±0.09 4.4±0.1 4.4±0.4 0.7

Na (mEq/dL) 139.4±0.9 139.04±0.6 139.5±0.8 138.2±0.9 0.5
Mg (mg/dL) 1.96±0.04 1.9±0.03 1.9±0.03 1.9±0.05 0.7

Cr (mg/dL) 0.7±0.03 0.8±0.04 0.7±0.04 0.7±0.04 0.6

BUN (mg/dL) 13.3±0.9 14.3±0.7 13.8±0.8 14.2±0.9 0.8
Urine Mg (mg/24 h) 83.05±13.7 90.4±7.8 84.1±8.8 85.4±4.3 0.7

Uric acid (mg/dL) 4.2±0.2 4.7±0.3 4.2±0.2 4.6±0.2 0.5

Table 2 Study Variables in MgSO4 Treated Moderate Coronary Artery Disease Patients with One (Mg-Treated-VR1) and Two (Mg- 
Treated-VR2) Atherosclerotic Vessel as Well as in Placebo Treated Patients with One (Control-VR1) and Two (Control-VR2) 
Atherosclerotic Vessels Before Intervention. Data Were Presented as Mean ±SD and Analyzed Using Repeated Measure and 
ANCOVA

Variables Mg-Treated Group Control Group P value

VR1 (n=13) VR2 (n=19) VR1 (n=13) VR2 (n=19)

ESR(mm/h) 20.4±1 27.7±0.9 18.7±0.6 28.4±0.8 0.4
CRP (mg/dl) 1.3±0.3 1.4±0.2 1.4±0.3 1.5±0.3 0.5

Ca/Mg 4.9±0.08 5.1±0.1 4.9±0.1 5.05±0.1 0.6

Fibrinogen (mg/dl) 344.7±21.7 330±18.1 322.9±30.8 352.9±20.7 0.7
Homocysteine (mg/dl) 12.9±0.3 14.1±0.2 13.1±0.2 14.4±0.4 0.5

TSH (mlU/L) 2.67±0.3 2.6±0.4 2.6±0.3 2.5±0.3 0.4

T3 (ng/dl) 117.9±4.1 110.6±0.4 116.2±4.02 109.05±4.1 0.6
T4 (µg/dl) 7.2±0.2 8.08±0.4 7.06±0.2 8.1±0.2 0.3

Table 3 Study Variables in MgSO4 Treated Moderate Coronary Artery Disease Patients with One (Mg-Treated-VR1) and Two (Mg- 
Treated-VR2) Atherosclerotic Vessel as Well as in Placebo Treated Patients with One (Control-VR1) and Two (Control-VR2) 
Atherosclerotic Vessels Before Intervention, three and six Months After Intervention. Data Were Presented as Mean ± SD and 
Analyzed Using Repeated Measure and ANCOVA

Variables Mg-treated Control P value Time After Mg Treatment

VR1(N=13) VR2 (N=19) VR1 (N=13) VR2 (N=19)

BMI (kg/m2) 23.9±0.8 24.7±0.7 23.9±0.3 23.5±0.2 0.5 Baseline
Waist circumference (cm) 88.2±3.2 91.4±2.1 86.1±1.9 88.6±2.1 0.2

BMI (kg/m2) 24.3±0.7 24.8±0.8 23.9±0.2 23.9±0.3 0.5 Three months

Waist circumference (cm) 88.6±3.1 91.4±2.1 89.8±1.8 89.1±2.3 0.3
BMI (kg/m2) 24.4±0.7 21.6±2.4 31.7±1.2 33.7±0.9 0.001 Six months

Waist circumference (cm) 88.6±3.2 92.2±2.2 89.4±2.1 87.3±5.1 0.6
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levels in serum and urine with cardiovascular disease suggest 
a protective role of Mg in the process of atherosclerosis.25 

Mg improves endothelial function and plays a role as a 
regulator of platelet aggregation. Mg also can prevent vasos-
pasm and endothelial damage by stimulating endothelial 
proliferation and increase nitric oxide production.26 In the 
present study, serum Mg level in all participants in all groups 
was lower than the normal range and MgSO4 therapy could 
increase serum Mg level. Clinically, 1% of Mg exists extra-
cellularly and plasma Mg level does not always truly reflect 
total body Mg stores.23 Serum Mg levels in all groups 
increased almost equally during the study period, but in 
both Mg-treated groups during the first three months, the 
increase was larger. Nevertheless, according to our findings, 
the administration of Mg reduced some atherosclerosis risk 
factors. Some studies showed the relationships between 
serum and urine Mg levels and serum lipids.25 Many findings 
from epidemiological studies,27 randomized controlled 
trials,28 and meta-analyses29,30 have illustrated the opposite 
relationships between Mg consumption and CVD. The 
researchers concluded that high Mg consumption and higher 
levels of circulating Mg are related to lower risk of major 
cardiovascular risk factors such as metabolic syndrome, dia-
betes, hypertension, stroke, lower risk of CVD, mainly 
ischemic heart disease and coronary heart disease respec-
tively, by improving glucose and insulin metabolism, enhan-
cing endothelium-dependent vasodilation, and improving 
lipid profile.31 Mg deficiency promotes the generation of 

atherosclerotic plaques in patients with hypomagnesemia.26 

Studies showed that fibrinogen represents a major cardiovas-
cular risk factor.10,12 Fibrinogen also represents an acute 
phase protein and it can associate with atherosclerosis.11 

According to our results, six months after MgSO4 therapy, 
serum fibrinogen levels significantly decreased compared to 
its level at baseline and three months after intervention. 
Wang et al, in their cohort study, illustrated that serum 
fibrinogen level was not associated with coronary vulnerabil-
ity and they reported independent association between 
plasma fibrinogen levels and the risk of CAD.32 But 
Papageorgiouand et al showed that fibrinogen is an inflam-
matory biomarker having a stronger effect on CAD and they 
believed that in some cases fibrinogen has a stronger effect 
on CAD risk than other risk factors such as hypertension.33 

Homocysteine could be used as a potential marker for ather-
osclerosis progression.34,35 The result of this study indicated 
that administration of Mg could decrease serum levels of 
homocysteine in our patients.

Recently, CRP has attracted much attention, because its 
blood concentration increases even under chronic inflam-
matory conditions, such as the development of 
atherosclerosis.36,37 Mg has an anti-inflammatory effect 
by modulating the release of NF-κB, and decreased oxy-
gen radicals production.26 Our results showed that MgSO4 

therapy could decrease the serum level of CRP compared 
to the placebo group. ESR and Ca/Mg ratios are known as 
inflammatory indexes.

Table 4 Study Variables in Moderate Coronary Artery Disease Patients with One Atherosclerotic Vessel (VR1, N=32) and Moderate 
Coronary Artery Disease Patients with Two Atherosclerotic Vessels (VR2, N=32) Before Intervention (Data are Expressed as Mean 
±SD and Comparisons Between Groups were Analyzed Using the Student’s t-test)

Variables VR1 Group (N=32) VR2 Group (N=32) P value

CRP (mg/dL) 1.38±0.2 1.52±.0.2 0.31

ESR (mm/h) 19.1±2.4 25.8±3.1 0.04
Ca/Mg ratio

Cr (mg/dL) 0.74±0.02 0.81±0.03 0.05

BUN (mg/dL) 13.63±0.2 14.08±0.5 0.21
Uric acid (mg/dL) 4.2±0.19 4.73±0.23 0.03

Fibrinogen (mg/dL) 334.28±18.3 340.38±13.79 0.39
Homocysteine (mg/dL) 13.06±0.7 14.26±0.8 0.13

Ca (mg/dL) 9.7±0.07 9.6±0.07 0.21

Mg (mg/dL) 1.94±0.02 1.93±0.03 0.39
Urine Mg (mg/24 h) 83.63±7.7 88.12±4.3 0.31

K (mEq/dL) 4.36±0.08 4.45±0.06 0.39

Na (mEq/dL) 139.51±0.6 138.62±0.5 0.14
TSH (mIU/L) 2.64±0.2 2.61±0.2 0.23

T3 (ng/dL) 117.06±2.8 110.23±2.8 0.04

T4 (µg/dL) 7.13±0.16 8.14±0.25 0.0001
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Figure 2 Plasma Ca (A), Mg (B), Na (C), K (D), Cr (E), BUN (F) levels and urine Mg level (G) in MgSO4-treated moderate coronary artery disease patients with one 
atherosclerotic vessel (Mg-treated-VR1), MgSO4-treated moderate coronary artery disease patients with two atherosclerotic vessels (Mg-treated-VR2), placebo-treated 
moderate coronary artery disease patients with one atherosclerotic vessel (Control-VR1) and placebo-treated moderate coronary artery disease patients with two 
atherosclerotic vessels (Control-VR2). N=13 for one atherosclerotic vessel in each group and N=19 for two atherosclerotic vessels in each group. Data were presented as 
mean ±SD and data were analyzed using repeated measure and ANCOVA. *P<0.001 significant differences between three months Mg-treated-VR1 and before intervention 
(baseline) and six months after intervention. #P<0.001 significant differences between three months control-VR1 and before intervention (baseline) and six months after 
intervention. $P<0.01 significant differences between Mg-treated-VR2 and VR1 with control-VR2 and VR1 six months after intervention.
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Mg controls the activity of some ionic channels, such as 
Na, K, and Ca.26 Reduced dietary K promoted atherosclerotic 
vascular calcification and increased aortic stiffness.38 Study 
also showed that low serum K is associated with stroke in 
people with cardiovascular disease, hypertension and dia-
betes mellitus.39 Our results showed that MgSO4 therapy 
could prevent hypokalemia in MgSO4-treated groups. 
There was a positive association between free thyroxine 
levels in middle-aged and elderly subjects and atherosclero-
sis throughout the whole disease spectrum, which was not 
dependent on cardiovascular risk factors.40 Moreover, there 
is a link between higher thyroid hormone levels and systolic 

hypertension and hypercoagulation, however, hyperlipide-
mia and inflammation could be initiated by lower circulating 
thyroid hormone concentration.40 Many epidemiological 
studies41–46 investigated the link between specific ranges of 
thyroid function and different atherosclerotic events and they 
found no link between thyroid function and atherosclerotic 
outcomes. Nevertheless, other studies observed an increased 
risk of atherosclerotic outcomes with either lower41,44 or 
higher thyroid function.43,45,47 Our results showed that 
three months after MgSO4 therapy serum level of T3 in the 
Mg-treated-VR2 group significantly decreased compared to 
the control-VR2 group.
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Figure 3 ESR (A), Ca/Mg ratio (B) and serum CRP (C), uric acid (D), fibrinogen (E) and homocysteine (F) levels in MgSO4-treated moderate coronary artery disease patients with one 
atherosclerotic vessel (Mg-treated-VR1), MgSO4-treated moderate coronary artery disease patients with two atherosclerotic vessels (Mg-treated-VR2), placebo treated moderate 
coronary artery disease patients with one atherosclerotic vessel (Control-VR1) and placebo treated moderate coronary artery disease patients with two atherosclerotic vessels 
(Control-VR2). N=13 for one atherosclerotic vessel in each group and N=19 for two atherosclerotic vessels in each group. Data were presented as mean ±SD and data were analyzed by 
using repeated measure and ANCOVA. *P<0.01 significant differences between VR1 and VR2 in each groups. #P<0.01 significant differences between three month Mg-treated-VR2 and 
before intervention (baseline) and/or six months after intervention. $P<0.01 significant differences between three months control-VR2 and before intervention (baseline) and six months 
after intervention and three months Mg-treated-VR2 group. @P<0.01 significant differences between Mg-treated-VR2 and VR1 with control-VR2 and VR1 six months after intervention.
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ESR is a traditional biomarker for atherosclerosis because 
atherosclerosis is a chronic inflammation and the erythrocyte 
sedimentation rate is a suitable test for observing chronic 
inflammatory reactions.48 Our results showed a significant 
difference in ESR in both Mg-treated-VR1 and VR2 patients 
compared with control-VR1 and VR2 groups. In many stu-
dies, Mg has been introduced as an anti-inflammatory factor. 
In a study by Ige and Adewoye, oral Mg administration 
reduced the rate of inflammation in diabetic rats and reduced 
ESR levels.49 Researchers have also shown that elevated 
liver Mg levels may decrease ESR level in obese gastric 
bypass patients.50 However, chronic kidney disease due to 
atherosclerosis develops cardiovascular problems.51 

Nevertheless, the results of the present study did not show 
the significant differences between both MgSo4 treated 
groups and all control groups regarding serum level of Cr 
and BUN. Our patients in all groups had no renal impairment 
and their plasma Cr and BUN levels were in the normal 
range. Therefore, following Mg administration, we observed 
no change in the serum levels of these parameters.

Uric acid acts as an antioxidant. However recently, some 
clinical and basic research have discovered close associations 
of hyperuricemia with inflammation.52 As our results indi-
cate, plasma levels of uric acid in all participants were within 
the normal range, and MgSO4 treatment had no significant 
effect on serum levels. We did not observe a significant 
difference in urine Mg, serum T4, TSH, Na and Ca levels 
in both Mg-treated groups compared with all control groups.

Limitation
One of the present study limitations is the relatively small 
sample size, so future studies with a larger population are 
required to confirm our findings.

Conclusion
Overall, the results of this study showed that despite the 
slight change in serum Mg level, MgSO4 treatment slightly 
reduced the risk of inflammatory and vascular factors in 
moderate coronary artery disease patients. Therefore, 

Figure 4 Serum TSH (A), T3 (B), and T4 (C), levels in MgSO4-treated moderate coronary artery disease patients with one atherosclerotic vessel (Mg-treated-VR1), MgSO4- 
treated moderate coronary artery disease patients with two atherosclerotic vessels (Mg-treated-VR2), placebo treated moderate coronary artery disease patients with one 
atherosclerotic vessel (Control-VR1) and placebo treated moderate coronary artery disease patients with two atherosclerotic vessels (Control-VR2). N=13 for one athero-
sclerotic vessel in each group and N=19 for two atherosclerotic vessels in each group. Data were presented as mean ±SD and data were analyzed by using repeated measure and 
ANCOVA. *P<0.001 significant differences between VR1 and VR2 in each groups. **P<0.01 significant differences between three months Mg-treated-VR2 and before intervention 
(baseline) and six months after intervention. ***P<0.01 significant differences between Mg-treated-VR2 and VR1 with control-VR2 and VR1 six months after intervention. 
****P<0.01 significant differences between three months control-VR2 and before intervention (baseline) and six months after intervention and 3 months Mg-treated-VR2 group.
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according to our finding, MgSO4 treatment may have a 
protective effect against atherosclerosis.
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