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Abstract
Background: We assessed the potential efficacy of Coenzyme Q10 (CoQ10) in patients with ST-
segment elevation myocardial infarction (STEMI) undergoing primary percutaneous coronary 
intervention (PPCI).
Methods: Seventy STEMI patients who presented ≤12 hours after the onset of symptoms and 
were scheduled for PPCI were randomly assigned to the standard treatments plus CoQ10 or 
placebo. In the intervention group, CoQ10, as an oral capsule at a dose of 400 mg, was loaded 
immediately before PPCI and continued at 200 mg twice daily for 28 days. The control group 
received a matching placebo, similarly. The study endpoints were the proportion of patients 
with complete myocardial reperfusion, defined as thrombolysis in myocardial infarction (TIMI) 
flow and myocardial blush grade (MBG) 3 at the end of PPCI, the proportion of patients with 
complete ST-segment elevation resolution (≥70%) assessed 60 minutes after PPCI, the plasma 
levels of creatine kinase myocardial band isoenzyme (CK-MB) and troponin I (TnI) at 12, 24, 48, 
and 72 hours after PPCI, and left ventricular ejection fraction (LVEF) at day 28.
Results: The study groups were comparable regarding baseline clinical and procedural 
characteristics. The proportion of patients with TIMI flow grade 3, MBG 3, and complete ST 
resolution after completion of PPCI was similar between the groups. Whereas at all-time points 
after PPCI (12, 24, 48, and 72 hours), the plasma levels of CK-MB and TnI were significantly 
lower in the CoQ10 group than in the control group. Further, at day 28, CoQ10-treated patients 
exhibited better LVEF than placebo-treated patients, and the proportion of patients with LVEF 
less than 50% was lower in the intervention group than in the control group.  
Conclusion:  Our study provided evidence that CoQ10 supplementation might reduce myocardial 
ischemia-reperfusion injury after PPCI and help to preserve left ventricular function. However, 
further studies are required to validate these results. 
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Introduction
Over the last two decades, mortality in acute myocardial 
infarction decreased significantly.1 It is now clear that 
timely and effective coronary reperfusion modalities 
using thrombolysis, primary percutaneous coronary 
intervention (PPCI), or coronary artery bypass grafting 
(CABG) prevent loss of contractile myocardial muscle 
mass, decrease the infarct size, prevent post-ischemic 
heart failure, and improve survival.2 Nonetheless, 
reperfusion therapy by itself may result in a phenomenon 
called myocardial ischemia-reperfusion injury that 

paradoxically reduces the beneficial effects of myocardial 
reperfusion and worsens clinical outcomes after an acute 
myocardial infarction.3 Given the detrimental effects 
of this phenomenon, developing effective strategies to 
protect cardiomyocytes against myocardial ischemia-
reperfusion injury can improve the prognosis of patients 
with myocardial infarction undergoing reperfusion. A 
variety of pharmacological agents, such as cyclosporine-A, 
calcium channel blockers, β-blockers, statins, inhibitors 
of neutrophils, nitrates, adenosine receptor agonists, 
inhibitors of the renin–angiotensin system, endothelin 
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receptor antagonists, glucose modulators, Na+/H+ exchange 
inhibitors, and anti-apoptotic agents have been investigated 
that despite the convincing experimental evidence, the 
translation to the clinical setting has been disappointing.4,5 
Therefore, efforts to find a therapeutic approach to protect 
against myocardial ischemia‑reperfusion injury are still 
ongoing.

The pathogenesis of myocardial ischemia-reperfusion 
injury is multifactorial, involving the interaction of a 
number of pathophysiological mechanisms. Cellular 
calcium loading, mitochondrial damage, oxidative 
stress injury, and overactive inflammatory responses are 
possible pathological mechanisms principally involved 
in the pathogenesis of reperfusion injury.6 The level of 
myocardial tissue oxygenation increases following the 
restoration of blood flow, which is associated with a sudden 
burst of reactive oxygen species (ROS) production; toxic 
accumulation of ROS generates rapid and severe damage 
to protein, lipid, nucleic acid, and other macromolecules, 
which can ultimately lead to acute, irreversible myocardial 
cell death.7 Excess ROS triggers harmful inflammatory 
responses within the myocardium, inducing cytokines 
and chemokine production with infiltration of immune 
system cells to the infarct zone.8 Ultimately, the imbalance 
between pro-inflammatory and anti-inflammatory 
responses elicited by ischemia and reperfusion can 
induce cardiomyocyte death and myocardial injury.9 
Oxidative stress also, by impairing membrane fluidity 
and increasing calcium permeability, which results in 
excessive cytoplasmic and mitochondrial calcium, can 
lead to mitochondrial dysfunction and activation of 
apoptosis signaling pathways.10 Accordingly, it is not 
surprising that, recently, pharmacological interventions 
targeting mitochondrial dysfunction, oxidative stress, and 
inflammation are being extensively evaluated as potential 
cardioprotective interventions against myocardial 
ischemia-reperfusion injury. However, while preclinical 
studies showed promising results with these agents, the 
findings from human clinical studies have been yet mixed 
and inconclusive.11,12

Coenzyme Q10 (CoQ10), the only endogenous lipid-
soluble antioxidant, has an essential role in electron and 
proton transfer during oxidative phosphorylation and 
cellular adenosine triphosphate (ATP) generation. It also 
acts as a potent antioxidant not only in mitochondria but 
also in other cell compartments.13 Besides its antioxidant 
activity that diminishes oxidative damage, CoQ10 also 
has the ability to improve endothelial function,14 palliate 
proinflammatory responses,15 restore intracellular calcium 
hemostasis, and decrease cellular apoptosis.16 Since the 
heart is a very active organ that requires a lot of energy, 
it normally contains high levels of CoQ10.17 Diminished 
CoQ10 levels in both myocardial tissue and serum have 
been noted in patients with cardiovascular diseases that are 
linked to the severity of these diseases and worse clinical 
outcomes.18-20 The potential cardioprotective effects of 
CoQ10 have been widely investigated in both animal and 

human studies. The results of these studies have validated 
that exogenous CoQ10 supplementation can be helpful in 
the prevention and treatment of a variety of cardiovascular 
diseases, such as congestive heart failure, cardiomyopathy, 
ischemic heart disease, and acute coronary syndrome.21,22 
It is well known that myocardial CoQ10 depletion occurs 
during ischemia and reperfusion, which has a negative 
impact on post-myocardial infarction outcomes.23-25 This 
suggests that restoring tissue CoQ10 deficiency in the 
myocardium by exogenous administration may prevent 
the cardiac structural and functional sequel of ischemia-
reperfusion injury. Emerging evidence has also indicated 
that exogenous administration of CoQ10 can have a 
protective effect against myocardial ischemia-reperfusion 
injury.26,27 This hypothesis was examined in both animal 
and human research, with particularly encouraging results 
from experimental research.27-31 Given that, to date, there 
is no randomized controlled trial specifically evaluating 
the effectiveness of CoQ10 supplementation in patients 
with ST-segment elevation myocardial infarction (STEMI) 
undergoing PPCI, we designed and conducted this study 
to assess whether administration of CoQ10 can improve 
myocardial reperfusion after the procedure, reduce the 
amount of myocardial ischemia-reperfusion injury, and 
preserve heart function in this patient population.

Methods 
Study design
The present study was an interventional, single-center, 
randomized, double-blind, parallel-group, active-
controlled clinical trial conducted from November 2021 to 
August 2022 in a tertiary referral hospital in the West of 
Iran. The study protocol was conducted in line with the 2013 
Helsinki Declaration, and ethical approval was got from 
the local Research Ethics Committee (License number: 
IR.UMSHA.REC.1400.623). Before the enrolment began, 
the trial was registered at the Iranian Registry of Clinical 
Trials (www.irct.ir/trial/60026) with the trial Number: 
IRCT20120215009014N407. Informed consent  was got 
from the patients or their legally authorized representatives 
before beginning any intervention. 

Patient enrollment
During the study period, women and men aged between 
18 and 80 years old with a diagnosis of STEMI, defined as 
chest pain lasting longer than 30 minutes associated with 
ST-segment elevation of ≥ 0.1 mV in 2 or more contiguous 
electrocardiographic leads, who presented ≤12 hours 
after the onset of symptoms and scheduled for PPCI were 
screened for participation in the trial. All patients had 
elevation serum creatine kinase myocardial band isoenzyme 
(CK-MB) and/or troponin I (TnI). Patients are not eligible 
for participation if they have any following criteria: pre-
hospital fibrinolytic therapy, cardiac arrest, cardiogenic 
shock at the time of presentation, left bundle-branch 
block, moderate to severe mitral regurgitation, previous 
myocardial infarction or cardiac revascularization, history 
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of any cardiac surgery, concurrent inflammatory condition, 
infectious, or malignant disease, a history of renal or 
hepatic insufficiency (serum ALT or total bilirubin >3 
times of the normal upper limit and estimated glomerular 
filtration rate <60 mL·min–1·1.73 m–2), any serious medical 
comorbidity with reduced short-term prognosis, history of 
or known allergy or intolerability to the study medication, 
high probability of being unavailable for follow-up visits, 
and pregnancy or breastfeeding. 

Intervention
Patients in both groups received standard medical 
treatments pre- and post-PPCI as stated in current 
practice guidelines.32 All the study patients received a 
loading dose of antiplatelet drugs (325 mg aspirin and 600 
mg clopidogrel or 180 mg ticagrelor) in the emergency 
room and were intravenously injected with unfractionated 
heparin (70 U/kg) intra-procedural. After the procedure, 
all patients received dual antiplatelet therapy with aspirin 
and a P2Y12 inhibitor (clopidogrel or ticagrelor), and 
if not contraindicated, they received statins, β-blockers, 
angiotensin-converting enzyme inhibitors (ACEIs), or 
angiotensin receptor blockers (ARBs) as recommended 
in current guidelines. Coronary angiography and stent 
implantation were performed according to standard 
practice by two experienced interventional cardiologists.32 
The procedure was performed from the right femoral or 
the radial route at the operator’s discretion. According to 
the complexity of vascular lesions and thrombotic load, 
intracoronary GP IIb/IIIa inhibitors were administered 
during or after catheterization at the discretion of the 
interventional cardiologists. 

Apart from the standard treatment, in patients 
randomized to the intervention group, CoQ10 at a dose of 
400 mg was loaded before the procedure, and afterward, 
CoQ10 was prescribed at a dose of 200 mg twice daily 
for 28 days. The control group received a matching 
placebo similarly. This dose was based on previous 
research suggesting that 200 mg twice a day is required to 
achieve a therapeutic blood level of CoQ10 (2.0–3.0 µg/
mL).33 To enhance participant’s  adherence to the study 
medications,  during the study period, the patients were 
reminded through phone calls to take their treatment. 
Adherence to treatment was determined by counting the 
number of blisters returned at the end of the study and 
patients were considered adherent to treatment if they 
received at least 90% of the expected number of doses. The 
occurrence of adverse effects of the treatment was assessed 
by reporting spontaneously by the patient or in response to 
questions not addressed. All study patients were scheduled 
for follow-up 28 days after enrollment.

Efficacy Assessment
The patient’s demographic and clinical characteristics 
and procedural, laboratory, angiographic, and ECG data 
were collected from the patients’ database at baseline. 
The patients in both groups were followed up during 

hospitalization and within 28 days after enrolment. Pre- 
and post-PCI angiograms were analyzed by an experienced 
interventional cardiologist without knowledge of the 
patient group allocation. Thrombolysis in myocardial 
infarction (TIMI) flow grade, myocardial blush grade 
(MBG), and ST-segment elevation resolution were used 
to assess the effectiveness of myocardial reperfusion. 
TIMI flow score is a widely used qualitative angiographic 
parameter for the assessment of  the extent of coronary 
blood flow in the culprit coronary. The flow in the infarct-
related artery, as previously described,34 was classified: 
Grade 0 (no perfusion), Grade 1 (penetration with no 
perfusion), Grade 2 (perfusion is partial), and Grade 3 
(perfusion is complete). The MBG is another qualitative 
angiographic parameter that is used to describe the 
effectiveness of myocardial reperfusion. It is based on 
the visual assessment of contrast opacification of the 
myocardium supplied by the infarct-related artery and 
is graded as previously proposed by van’ t Hof et al.35: 
Grade 0: no myocardial blush or contrast density, Grade 
1: minimal myocardial blush or contrast density, Grade 2: 
moderate myocardial blush or contrast density, and Grade 
3: normal myocardial blush or contrast density comparable 
with that obtained during angiography of a contralateral or 
ipsilateral non–infarct-related coronary artery.A 12-lead 
surface ECG was obtained before coronary reperfusion 
and then 60 minutes after the procedure to calculate 
the percentage of ST-segment elevation resolution. The 
percent of early ST-segment elevation resolution after the 
procedure was categorized based on Schroder’s method 
as complete (≥70%), partial (30% to <70%), or absent 
(<30%).36 

The amount of myocardial ischemia-reperfusion injury 
was assessed by the enzymatic method. For this, plasma 
levels of CK-MB and TnI were measured immediately 
before the procedure and again at 12, 24, 48, and 72 
hours after the procedure. The diagnostic cutoff point 
for CK-MB was 5 ng/mL and for TnI was 0.4 ng/mL. 
Additionally, left ventricular ejection fraction (LVEF) on 
day 28, measured by two-dimensional echocardiography, 
was used to assess the change in left ventricular function 
after the intervention. Echocardiographic measurements 
at baseline and follow-up were performed by a single 
operator that was blinded to group allocations. The LVEF 
of less than 50% was considered the left ventricular systolic 
dysfunction (LVSD). 

Primary and secondary clinical outcomes
The primary study endpoints were the proportion of 
patients with complete myocardial reperfusion, defined as 
TIMI flow grade 3 and MBG 3 at the end of PPCI, and 
the proportion of patients with complete ST-segment 
elevation resolution (≥70%) measured 60 minutes after the 
procedure. As secondary endpoints, the following outcomes 
were compared between the study groups: the serum levels 
of CK-MB and TnI at 12, 24, 48, and 72 hours after the 
procedure, the LVEF values at day 28, the proportion of 
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patients with LVSD at day 28, defined as LVEF less than 
50%, and the incidence of the adverse effects. 

Sample size calculation
According to the results of a study conducted by Basili 
et al.,37 the mean (SD) myocardial perfusion index was 
30.3 (8.0) and 21.3 (5.2) in the intervention and control 
groups, respectively. On the basis of these results, we 
arrived at a sample size of 28 for each group and a total 
sample size of 56 at 99% significance level and 98% 
statistical power. Anticipating a 20% loss to follow-up, we 
increased the sample size to a maximum of 70, of which 35 
were randomly allocated to the placebo group, 35 to the 
intervention group.

Randomization and blinding 
Patients who satisfied the inclusion and exclusion criteria 
were randomly assigned in a 1:1 ratio to either treatment 
with CoQ10 or placebo, using the block randomization 
method. The randomization and treatment allocation was 
conducted by  a researcher with no relation to the study. 
The CoQ10 capsules were manufactured by Bonyad 

Salamat Kasra, Tehran, Iran, and the placebo tablets 
with identical size, color, shape, taste, packaging, and 
labeling were prepared by the department of pharmaceutics 
of the School of Pharmacy at Hamadan University Medical 
Sciences. Both patients and investigators remained blinded 
to patient groupings throughout the study.

Statistical analyses
Data analysis was performed by IBM SPSS Statistics 
for Windows, version 20 (IBM Corp., Armonk, N.Y., 
USA).  Intention-to-treat (ITT) analysis was conducted, 
which was defined as all patients who took at least one dose 
of the study drug and had at least one post-baseline efficacy 
assessment. The last value carried forward method (LOCF) 
was used to estimate missing data. The Kolmogorov-
Smirnov test was performed to evaluate the normality of 
the continuous variable distribution. Normally distributed 
continuous variables were reported as mean ± standard 
deviation (SD), and non-normally distributed continuous 
data were expressed as median (interquartile range 
[IQR]). Categorical variables are reported as numbers and 
percentages. Normally distributed continuous variables 

Figure 1. The study flow diagram.
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were analyzed with Student’s t-test, non-normally 
distributed continuous variables were analyzed with Mann–
Whitney U test, and categorical variables were assessed 
by the chi-square test or Fisher exact test as appropriate. 
Repeated measures analysis of variance (ANOVA) was 
used to assess changes in serum values of variables with 
repeated measurement. Statistical significance was set 
at p-values ≤0.05. However, for the sake of five multiple 
comparisons (the pelasma levels of CK-MB and TnI), the 
significance level was corrected using Bonferroni’s multiple 
testing method. We obtained a significance level of 0.010 
for five comparisons. Accordingly, the p-values less than 
0.010 based on Bonferroni’s multiple-testing correction 
method were considered statistically non-significant. 

Results
Demographics and baseline characteristics
A flowchart of the trial is shown in Figure 1. During the 
study period, 146 STEMI patients with indications for 
PPCI were assessed for enrolment. Of whom, 76 cases were 
excluded.  Sixty-four patients did not satisfy the inclusion 
and exclusion criteria, and 12 eligible patients declined 
to participate in the study. Of the 70 patients who were 
enrolled, 35 patients were allocated to the CoQ10 group 
(intervention group) and 35 to the placebo group (control 

group). Two patients in the intervention group and three 
patients in the control group did not complete the 28-
day follow-up; however, considering that all randomized 
subjects took at least one dose of the study drug and had 
at least one post-baseline efficacy assessment, all of them 
were included in the final analysis. The adherence rate was 
comparable in two groups (p-value= 1.00), as 94.3% of the 
patients in the intervention group and 92.9% patients in 
the control group were adherent to the study medications.
The baseline demographic and clinical characteristics of 
patients in the treatment groups are displayed in Table 1. 
As shown, treatment groups were well-balanced in baseline 
characteristics. The mean age of the study population was 
63.25 (ranged 45-75) years, and 71.4% of them were men. 
There was no significant difference between the treatment 
groups in terms of cardiovascular risk factors and the 
baseline systolic and diastolic blood pressure, heart rate, 
LVEF, biochemical data, and cardiac biomarkers levels. The 
mean pain-to-balloon time was 244.07±34.98 min, and the 
mean door-to-balloon time was 42.64±6.12 min, and there 
was no difference between the groups. 

The treatment groups were also comparable concerning 
medication use on admission and discharge. In 
angiography, in 81.4% of the cases, the procedure was 
performed via the radial access site and in 18.6% via the 

Table 1. Demographics and clinical characteristics of the Intention-to-Treat Population at Baseline.

Variable CoQ10 treated-Group 
(35 patients)    

Placebo treated-Group 
(35 patients)         p-value

Age, years, Mean±SD 61.85±8.27 64.65±7.45 0.142
BMI, (Kg/m2), Mean±SD 24.75±3.31 24.58±2.50 0.814
Sex (M/F), n (%) 26/9 (74.3/25.7) 24/11(68.6/31.4) 0.792
Related risk factors, n (%)

Hypertension 20 (57.10) 18 (51.40) 0.811
Diabetes mellitus 8 (22.90) 9 (25.70) 1
Dyslipidemia 21(60.0) 20 (57.10) 1
Current smoker 11 (31.40) 16 (45.70) 0.326
Family history of coronary artery disease 8 (22.90)  11 (31.40)                0.592

Culprit lesion, n (%) 0.9
Left main 1 (2.90) 0 (0.0)
Left anterior descending 16 (45.70) 16 (45.70)
Left circumflex 6 (17.10) 5 (14.30)
Right coronary artery 12 (34.30) 14 (40.0)
Multivessel PCI, n (%) 11(31.40) 8 (22.90) 0.829

Vascular access, n (%)
Radial 30(85.70) 27 (77.10) 0.54
Femoral 5 (14.30) 8 (22.90)

Glycoprotein IIb/IIIa inhibitor use, n (%) 7 (25.0) 5 (14.30) 0.755
Thrombus aspiration, n (%) 6 (17.10) 3 (8.60) 0.477
Door-to-balloon  time (minutes), Median (IQR) 40.00 (5.00) 40.00 (5.5) 0.995
Pain-to-balloon  time (minutes), Median (IQR) 245.00 (50.00) 245.00 (25.00) 0.719
Ejection fraction,%, Median (IQR) 53.00 (7.00) 52.00 (5.00) 0.448
Systolic blood pressure (mmHg), Mean±SD 123.54±7.26 126.11±10.57 0.24
Diastolic blood pressure (mmHg), Mean±SD 73.22±6.06 72.40±5.04 0.536
Heart rate , Median (IQR) 77.00 (14.00) 76.00 (9.00) 0.948
Baseline laboratory findings

Serum creatinine, (mg/dL), Mean±SD                                            1.05±0.23 0.99±0.09 0.174
CK-MB, (ng/mL), Mean±SD 47.74±6.85 52.42±7.47 0.08
Troponin I, (ng/mL), Mean±SD 6.61±7.68 5.31±4.59 0.392
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Table 1 Continued.
Total cholesterol, (mg/dL), Median (IQR) 239.00 (58.00) 226.00 (60.00) 0.851
Triglyceride, (mg/dL), Median (IQR) 153.00 (37.00) 162.00 (35.00) 0.677
LDL cholesterol (mg/dL), Median (IQR) 105.00 (26.00) 108.00 (28.00) 0.716
HDL cholesterol, (mg/dL), Mean±SD 38.27±6.74 37.85±5.24 0.774
Fasting blood sugar, (mg/dL), Median (IQR) 112.00 (12.00) 111.00 (37.00) 0.972

Medications use on admission, n (%) 
On Aspirin 12 (34.30) 15 (42.90) 0.624
On ACEI treatment 11 (31.40) 13 (37.10) 0.802
On ARB treatment                            6 (17.10) 5 (14.30) 1
On Beta blockers treatment 10 (28.60) 12 (34.30) 0.797
On CCB treatment                         7 (20.00) 8 (22.90) 1
On Diuretics treatment 9 (25.70) 10 (28.60) 1
On Statins treatment 9 (25.70) 13 (37.10) 0.44
On Insulin 3 (8.60) 5 (14.30) 0.71
On Insulin +oral anti diabetic treatment                  1(2.90) 2 (5.70) 1
On Oral anti diabetic treatment  4 (11.40) 2 (5.70) 0.673

Discharge medication, n (%)
Aspirin 35 (100) 35 (100) 1
Clopidogrel 11 (31.40) 13 (37.10) 0.802
Ticagrelor 24 (68.60) 22 (62.90) 0.802
ACE inhibitors 26 (74.30) 28 (80.0) 0.777
ARBs 9 (25.70) 7 (20. 0) 0.777
Beta-blockers 30 (85.70) 31 (88.60) 1
Calcium-channel blocker 4 (11.40) 6 (17.10) 0.734
Statins 35 (100) 35 (100) 1
Nitrates 6 (17.10) 7 (20.0) 1
Diuretics 7 (20.0) 4 (11.4) 0.513
Aldosterone antagonists 10 (28.60) 7 (20.0) 0.578

Note: CoQ10 = of Coenzyme Q10; BMI=Body Mass Index; M/F = Male/Female; CK-MB: creatine kinease myocardial band isoenzyme; 
ACEI = Angiotensin-converting-enzyme inhibitors; ARB = angiotensin-receptor blocker; IQR= interquartile range (Q1–Q3).

femoral access site. The culprit’s vessel was left anterior 
descending in the majority of patients (47.1%), followed 
by the right coronary artery (37.1%) and left circumflex 
(15.7%). The distribution of the culprit’s vessel was similar 
in both groups. About 31.4% of patients had multivessel 
disease, and a high percentage of patients in both groups 
exhibited a TIMI flow grade or MBG 0-1 before PPCI. 
In nearly 17% of the patients, GP IIb/IIIa inhibitors were 
injected, and thrombus aspiration catheters were used in 
12.9% of cases. All stents were everolimus-eluting stents.

Clinical efficacy outcomes
Results for the study endpoints are shown in Table 2 
and Figures 2 and 3. As shown in Table 2, there were no 
significant differences between the study groups regarding 
TIMI flow grade and MBG at baseline. After completion 
of PPCI, no significant differences were found between the 
treatment groups in these parameters, as the mean value 
of TIMI flow grade and MBG were comparable between 
the two groups (TIMI flow grade: 2.83± 0.38 versus 2.74± 
0.44; p-value= 0.390; MBG: 2.71± 0.52 versus 2.60± 0.60; 
p-value= 0.399). The analysis of the percentage of patients 
who met complete myocardial reperfusion at the end of 
PPCI, defined as TIMI flow grade 3 and MBG 3, also did 
not show a significant difference between the study groups 
(TIMI flow grade: 82.9% versus 74.3%; p-value= 0.561; 
MBG: 74.3% versus 65.7%; p-value= 0.688). Consistent 

with these findings, there was also no between-group 
difference regarding the proportion of patients who 
achieved ECG criteria of successful myocardial reperfusion 
60 minutes after the procedure, defined as ST-segment 
elevation resolution ≥70% (80.0% versus 71.4%; p-value= 
0.665). 

Results concerning the plasma levels of cardiac enzymes 
at different time points after PPCI have been shown in 
Figures 2a and 2b. The mean plasma levels of CK-MB 
and TnI before PPCI were similar between the treatment 
groups (p-value=0.539 and 0.392, respectively). This is 
while at 12, 24, 48, and 72 hours after PPCI, there was a 
significant difference between the treatment groups, as the 
mean plasma levels of CK-MB and TnI at all these time 
points were significantly lower in patients receiving CoQ10 
compared to those receiving placebo (p-value < 0.010 for 
all time points). 

In echocardiography, the CoQ10-supplemented patients 
exhibited better left ventricular function at 28 days follow-
up compared to the control group (Table 2 and Figure 
3). At baseline, the median (IQR) LVEF value and the 
proportion of patients with LVSD (defined as LVEF less 
than 50%) were comparable between the treatment groups 
(p-value = 0.448 and 0.303, respectively). On day 28, we 
noted a significant difference between the two groups, as 
the median (IQR) LVEF value was significantly higher in 
participants  receiving CoQ10 relative to those receiving 
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Table 2. Comparison of study end points between two groups.

Variable CoQ10 treated-Group (35 patients)    Placebo treated-Group (35 patients)         P-value

Angiographic outcomes

TIMI flow grade pre-PCI, (mean±SD) 0.69± 0.83 0.71± 0.78 0.883

TIMI flow grade pre-PCI, n (%) 0.894

Grade 0 18 (51.4) 16 (45.7)

Grade 1 11 (31.4) 14 (40.0)

Grade 2 5 (14.3) 4 (11.4)

Grade 3 1 (2.90) 1 (2.9)

TIMI flow grade post-PCI, (mean±SD) 2.83± 0.38 2.74± 0.44 0.39

TIMI flow grade post-PCI, n (%) 0.561

Grade 2 6 (17.1) 9 (25.7)

Grade 3 29 (82.9) 26 (74.3)

MBG pre-PCI, (mean±SD) 0.51± 0.65 0.69± 0.83 0.343

MBG pre-PCI grade, n (%) 0.788

Grade 0 20 (57.1) 18 (51.4)

Grade 1 12 (43.3) 11 (31.4)

Grade 2 3 (8.6) 5 (14.3)

Grade 3 0 (0.0) 1 (2.9)

MBG post-PCI, (mean±SD) 2.71± 0.52 2.60± 0.60 0.399

MBG post-PCI grade, n (%) 0.688

Grade 1 1 (2.9) 2 (5.8)

Grade 2 8 (22.9) 10 (28.6)

Grade 3 26 (74.3) 23 (65.7)

Electrocardiogram

ST-segment resolution 60 min post-PCI, n (%) 0.665

Absent (<30%) 1 (2.9) 2 (5.8)

Partial (30 to <70%) 6 (17.1) 8 (22.9)

Complete (≥70%) 28 (80.0) 25 (71.4)

Echocardiograph parameter

LV ejection fraction at baseline (%) 53.00 (7.00) 52.00 (5.00 0.448

LV ejection fraction at day 28 (%) 52.00 (7.00) 50.00 (7.00) 0.034

CoQ10 = of Coenzyme Q10; TIMI = Thrombolysis In Myocardial Infarction; PCI = percutaneous coronary intervention; MBG = myocardial 
blush grade; IQR= interquartile range (Q1–Q3).

placebo (52.00 [7.00] versus 50.00 [7.00]; p-value= 
0.034). Consistent with these results, there was a trend 
in a significant difference between the groups regarding 
the proportion of patients with LVSD (Figure 3), as the 
proportion of patients with LVED less than 50% was lower 
in patients receiving CoQ10 compared to those receiving 
placebo (37.10% versus 60.00%; p-value= 0.056).
 
Safety and Adverse events
In terms of safety, 18 adverse events were recorded in 12 cases 
receiving CoQ10 and 16 in 13 cases receiving placebo. The 
most commonly reported adverse effects were dyspepsia 
and nausea, which decreased by taking the medication 
with food. No serious adverse events were observed. Thus, 
no significant differences by study treatment were found in 
the frequency of patients reporting adverse effects. 

Discussion
To the best of our knowledge, this is the first randomized 
controlled trial that specifically explored the potential 
therapeutic effects of CoQ10 supplementation on 
successful myocardial reperfusion, myocardial ischemia-
reperfusion injury, and left ventricular function in 
patients with STEMI undergoing PPCI. Based on the 
study results, the rate of successful myocardial perfusion 
after completion of PPCI, assessed by TIMI flow grade, 
MBG, and ST-segment elevation resolution, did not differ 
in patients receiving CoQ10 compared to those receiving 
placebo. Nonetheless, patients supplemented with CoQ10 
showed lower plasma levels of CK-MB and TnI at 12, 24, 
48, and 72 hours after the procedure and exhibited better 
left ventricular function at 28 days follow-up, as LVEF less 
than 50% was less frequent in patients receiving CoQ10 
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Figure 2. Time-concentration curve of (a) creatine kinease 
myocardial band isoenzyme (CK-MB) and (b) troponin I, showing 
mean and standard error. The p-values less than 0.010 based on 
Bonferroni’s multiple testing correction method were considered 
statistically significant.

Figure 3. Comparison of the proportion of patients with left 
ventricular ejection fraction (LVEF) less than 50% at baseline and 
at day 28 between the study groups.

than those receiving placebo. 
It is well known that the extent of myocardial damage 

and infarct size is the main determinant of left ventricular 
remodeling and dysfunction after acute myocardial 
infarction.38,39 Therefore, any agent which can prevent 
myocardial damage during myocardial ischemia and 
reperfusion would be an important therapeutic aid to 
prevent complications after acute myocardial infarction.  
Research on animal models of ischemia-reperfusion 
injury has consistently supported that CoQ10 can exert a 
protective effect against ischemia-reperfusion injury, reduce 
myocardial infarct size, and improve cardiac function 
parameters.27 Results of one study revealed that patients 
with STEMI who had higher plasma levels of CoQ10 at 
one month after PPCI exhibited better left ventricular 
function at a 6-month follow-up. This study also showed 
higher plasma levels of CoQ10 were associated with lower-
grade oxidative stress and inflammatory status.18 These 
findings suggest that CoQ10 supplementation by restoring 
its plasmatic and myocardial levels  during myocardial 
ischemia and reperfusion can exert cardioprotective 
effects against ischemia-reperfusion injury. In the last 
years, a number of clinical studies have investigated  this 
hypothesis. In this context, the results of a study conducted 
by Singh et al.30 revealed that early administration of 
CoQ10 at a dose of 120 mg/d and continued for 28 days 
could significantly reduce total cardiac events such as 
angina pectoris, arrhythmias, and poor left ventricular 
function in patients with acute myocardial infarction 
during 28 days follow-up. This study also showed that 
compared to placebo, patients supplemented with 
CoQ10 had higher plasma levels of antioxidants, such as 
vitamins A, E, and C, and beta-carotene and lower levels 
of oxidative stress indicators, such as lipid peroxides, diene 
conjugates, and malondialdehyde.Compared to our study, 
they used a lower dose of CoQ10 which indicates CoQ10, 
even at a lower dose, can exert its cardioprotective effects 
against myocardial ischemia injury and improve cardiac 
outcomes after acute myocardial infarction. Results of 
another study conducted by this author and team showed 
that early administration of CoQ10 at a dose of 120 mg/
day after acute myocardial infarction to patients with left 
ventricular ejection fraction <50%, and continued it for 24 
weeks was associated  with a reduction of left ventricular 
remodeling in these patients. In this study, compared to the 
control group, patients supplemented with CoQ10 have 
a lower serum level of angiotensin-converting enzyme 
(ACE), suggesting the beneficial effects attributable to 
CoQ10 on left ventricular remodeling at least partly 
related to its ameliorative effects on ACE function .31 
Compared to our study, they used a lower dose of CoQ10 
for a longer duration and included only patients who had 
left ventricular dysfunction before CoQ10 treatment. 
Thus, their results indicated that CoQ10 administered 
early after acute myocardial infarction might prevent left 
ventricular remodeling and dysfunction in patients with 
persistent left ventricular dysfunction. In contrast to these 
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studies, results of a small randomized clinical trial study 
in patients with acute myocardial infarction showed that 
treatment with CoQ10 (100 mg/d) plus selenium (100 
mg/d) for one year did not have significant effects on the 
occurrence of ventricular arrhythmias, cardiac failure, 
and other clinical outcomes in the study patients, but it 
was associated with a lower cardiac-related death during 
the one-year follow-up.40 It seems that the relatively small 
number of participants might reduce the power of the study 
to detect a significant difference in the study endpoints 
between the groups. Results of another randomized clinical 
trial in patients with myocardial infarction demonstrated 
that CoQ10 supplementation at a dose of 200 mg/day 
for 12 weeks could reduce serum levels of inflammatory 
cytokines like interleukin-6 (IL-6) and intercellular 
adhesion molecules (ICAMs) that have essential roles in 
myocardial injury following acute myocardial infarction.41 
This study suggests that the cardioprotective effects of 
CoQ10 on acute myocardial infarction, at least partly, 
are mediated through its anti-inflammatory properties. 
The impact of CoQ10 supplementation on the quality of 
life of patients with myocardial infarction has also been 
investigated in one study. In this context, results of one 
study demonstrated that supplement therapy with CoQ10 
(150 mg/d) and L-carnitine (200 mg/d) for three months 
could improve global, physical, and emotional well-being 
in patients with myocardial infarction assessed by the 
MacNew questionnaire. It seems that CoQ10, through 
improving post-myocardial infarction clinical outcomes, 
such as heart function, may improve the quality of life 
of these patients.42 The cardioprotective effects of CoQ10 
in elective percutaneous coronary intervention (PCI) 
have been also investigated. Results of one double-
blinded randomized clinical trial in patients scheduled 
for elective PCI showed that 300 mg loading dose CoQ10 
administrated 12 hours before the procedure did not have 
significant effects on plasma levels of CK-MB and TnI, but 
it significantly reduced plasma levels of high-sensitivity 
C-reactive protein (hs-CRP).43 The authors concluded that 
a longer duration of treatment might be needed to observe 
the cardioprotective effects of CoQ10 against reperfusion 
injury. 

Some clinical studies have also focused on the potential 
cardioprotective effect of supplementary CoQ10 on the 
clinical outcomes of patients undergoing CABG surgery. A 
recent meta-analysis of four clinical trials conducted in this 
setting demonstrated that preoperative treatment of CoQ10 
could improve clinical outcomes of patients undergoing 
CABG by decreasing reperfusion arrhythmias and 
inotropic requirements; however, according to the results 
of this meta-analysis, CoQ10 had no significant impact on 
cardiac enzymes levels post-CABG.28 Nonetheless, there 
are some other clinical studies demonstrating preoperative 
CoQ10 therapy could reduce cardiac enzyme levels in 
patients undergoing CABG.44-46 The heterogeneity in the 
populations, the number of grafts, graft type, length of 
surgery, as well as doses and duration of CoQ10 therapy 

might be potential reasons that partly explain these 
discrepant results. Since achieving the therapeutic plasma 
levels is very important in the effectiveness of antioxidant 
and anti-inflammatory agents, dosages of CoQ10 and 
duration of treatment seem to have an important impact 
on surrogate endpoints. In fact, a larger dose and a 
longer duration of treatment with CoQ10 should be 
used to achieve its therapeutic plasma level and observe 
its therapeutic effects.47,48 Recently, the neuroprotective 
effects of CoQ10 against ischemia-reperfusion injury  
in acute ischemic stroke have been also investigated in 
one randomized clinical trial.49 This study showed that 
administration of CoQ10 at a dose of 300 mg/day for four 
weeks in patients with acute ischemic stroke could improve 
neurological and cognitive impairments associated with 
stroke; however, CoQ10 did not have a significant effect on 
oxidative stress or neuro-inflammatory biomarkers. The 
authors suggested higher doses and a longer duration of 
treatment are needed to observe the inhibitory effects of 
CoQ10 on oxidative stress and inflammatory responses.49 
Our results extend these findings by showing that 
CoQ10 therapy may also be useful in STEMI patients by 
preventing myocardial ischemia-reperfusion injury and 
improving left ventricular function. Therefore, in light of 
this evidence, although a definitive conclusion regarding 
the therapeutic role of CoQ10 in conditions associated 
with ischemia-reperfusion injury is still inconclusive, the 
available evidence is encouraging.

Several potential mechanisms of action have been 
proposed to explain the cardioprotective effects of CoQ10 
during myocardial ischemia-reperfusion injury.49 It has 
been shown that CoQ10 can improve myocardial recovery 
and function by increasing cellular ATP synthesis.50 
Additionally, CoQ10 acts as a powerful antioxidant in 
the mitochondrial membrane and other subcellular 
fractions,51 and can protect cell structures from oxidative 
damage during ischemia-reperfusion injury.33,52 It is 
well documented that CoQ10 also acts as a potent anti-
inflammatory agent and inhibits inflammatory responses.  
It is found that the anti-inflammatory action of CoQ10 is 
also mediated via its antioxidant effects.53 Supporting this 
concept, a recent systematic review and meta-analysis of 
related randomized controlled trials found that CoQ10 
supplementation could inhibit inflammatory and oxidative 
damage in patients with coronary artery disease.54 The 
inhibitory effects of CoQ10 on inflammatory responses 
during elective PCI and acute myocardial infarction 
have also been reported in some clinical studies.29,43 In 
addition to the above mechanisms, recent research has 
identified that CoQ10 has the ability to limit apoptotic 
myocardial cell death and reduce myocardial infarct size 
by regulating the expression and activity of pro- and 
anti-apoptotic proteins.26,55 Some evidence indicates that 
CoQ10 may also have a regulatory effect on the renin-
angiotensin-aldosterone system function, and reduce 
cardiac remodeling following myocardial infarction.31 
Additionally, it is thought that the ability of CoQ10 to 
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increase nitric oxide may result in coronary vasodilatation 
during myocardial ischemia.55 Promising effects of CoQ10 
supplementation on lipid profile,56 blood pressure,57 and 
platelet hyperactivity and aggregation58 may be other 
mechanisms that can be beneficial in improving clinical 
outcomes following acute myocardial infarction. 

One of the important properties of CoQ10 that 
introduces it as a potential candidate in the prevention 
and treatment of cardiovascular diseases is its safety and 
tolerability.59 Clinical and preclinical data indicate that 
CoQ10 supplementation is highly safe and well tolerated 
and does not induce serious adverse effects in humans, 
even at high doses such as 2,400 mg/day.60 Thus, in 
view of its mechanisms of action and excellent safety 
and tolerability, CoQ10 could be considered a suitable 
nutritional supplement in patients under ischemia-
reperfusion conditions. However, further clinical studies 
are required to confirm the therapeutic role of CoQ10 in 
the prophylaxis and management of such patients.

Limitations and strengths of the study 
This study has some limitations. The major limitation is 
that the number of patients enrolled is relatively small. 
However, despite this limitation, the study sample size 
seems to be sufficient to detect the significant effects of 
CoQ10 treatment on plasma levels of cardiac enzymes 
and left ventricular function in the study patients. Further, 
considering the single-centered nature of the study and the 
frequency of inclusion and exclusion criteria, the enrolled 
patients were a highly selected group of patients with STEMI 
scheduled for PPCI. This may limit the generalizability of 
our study results. Additionally, the study follow-up period 
was limited to 28 days; so we did not know the effects of 
CoQ10 supplementation on long-term outcomes in these 
patients. Further, we used a modest and consistent dose 
of CoQ10 in this study. Different doses of CQ10 may be 
associated with different efficacy and tolerability. Last 
but not least, due to the limitations of research grants, we 
did not assess the change in the plasma level of CoQ10 
and the potential mechanisms of CoQ10 that, through 
them, may exert its beneficial effects in STEMI patients 
undergoing PPCI. Despite these limitations, our study 
has some strength. Our study is the first randomized 
controlled trial specifically exploring the cardioprotective 
effects of adjuvant CoQ10 supplementation in patients 
with STEMI undergoing PPCI. Further, we performed the 
statistics based on the ITT analysis which tends to be more 
conservative in estimating the treatment effect.

Conclusion
In summary, the results of the present study showed 
that 400 mg loading dose CoQ10 before the procedure 
in STEMI patients undergoing PPCI does not have a 
significant effect on successful myocardial perfusion after 
the procedure, assessed by TIMI flow grade, MBG, and ST-
segment elevation resolution. It seems that the duration of 
CoQ10 therapy before the procedure was too short to have 

a significant effect on myocardial perfusion. Nevertheless, 
Nevertheless, continuing the  CoQ10 supplementation  
with a dose of 200 mg twice a day in these patients might 
limit myocardial ischemia-reperfusion injury and might 
result in better left ventricular function in the short-term 
follow-up. However, given the limitations of this study, 
higher-quality randomized controlled studies with long-
term follow-up are needed to better determine the potential 
therapeutic role of CoQ10 supplementation on long-term 
clinical outcomes and its possible mechanism actions in 
patients with acute myocardial infarction undergoing 
PPCI. 
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