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Summary. The effects of oral treatment with coenzyme Q10
(120 mg/d) were compared for 28 days in 73 (intervention
group A) and 71 (placebo group B) patients with acute
myocardial infarction (AMI). After treatment, angina pectoris (9.5 vs. 28.1), total arrhythmias (9.5% vs. 25.3%), and
poor left ventricular function (8.2% vs. 22.5%) were signi~cantly (P , 0.05) reduced in the coenzyme Q group than
placebo group. Total cardiac events, including cardiac
deaths and nonfatal infarction, were also signi~cantly reduced in the coenzyme Q10 group compared with the placebo group (15.0% vs. 30.9%, P , 0.02). The extent of
cardiac disease, elevation in cardiac enzymes, and oxidative
stress at entry to the study were comparable between the
two groups. Lipid peroxides, diene conjugates, and malondialdehyde, which are indicators of oxidative stress,
showed a greater reduction in the treatment group than in
the placebo group. The antioxidants vitamin A, E, and C and
beta-carotene, which were lower initially after AMI, increased more in the coenzyme Q10 group than in the placebo group. These ~ndings suggest that coenzyme Q10 can
provide rapid protective effects in patients with AMI if
administered within 3 days of the onset of symptoms. More
studies in a larger number of patients and long-term followup are needed to con~rm our results.
Cardiovasc Drugs Ther 1998:12

Q may result in a decrease in intracellular adenosine
triphosphate [7].
In one experiment [8] in a swine model, improved
myocardial contractility after coenzyme Q supplementation during ischemia-reperfusion injury was observed. Recent studies [9] indicate that coenzyme Q
can inhibit platelet aggregation and human vitronectin
receptor expression [10], which are important predisposing mechanisms of coronary thrombosis after AMI.
Coenzyme Q is a naturally occurring vitamin-like agent
that is normally present in cardiac cells and functions
as an electron carrier in oxidative phosphorylation [11].
In general, it has no adverse effects. There is much
clinical experience, with coenzyme Q therapy in angina
pectoris, heart failure, arrhythmias, and myocardial ischemia [12–16]. However, no large-scale, randomized,
and controlled trials have been published to date that
proof its ef~cacy in coronary artery disease. In this
Indian Experiment of Infarct Survival, we report, possibly for the ~rst time, the effect of coenzyme Q (Hydrosoluble, Q-gel, Tishcon Corporation, USA) in patients with AMI.
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Methods
Patient selection

Acute myocardial infarction (AMI) may be associated
with reperfusion-induced free radical stress, lipid, peroxidation, and antioxidant vitamin and coenzyme Q
de~ciency [1–4]. These situations are predisposing factors for cardiac necrosis, resulting in arrhythmias, ischemia, myocardial dysfunction, and coronary thrombosis, which continue as a chain reaction for several
weeks after infarction [1–5]. Coenzyme Q has been
demonstrated to enhance cell membrane stabilization
in vitro and to exert bioenergetic and antioxidant effects by acting as a free radical scavenger [6].
Coenzyme Q is a rate-limiting factor in mitochondrial respiratory activity, and a de~ciency of coenzyme

Patients admitted with the suspicion of AMI (n 5 174)
to the coronary care units of hospitals in the cities of
Moradabad and Ludhiana during a period of 6 months
were considered for entry into this study. Patients
were screened for the following selection criteria [17].
AMI was diagnosed in the presence of symmetric STsegment elevation of 1 mm from baseline in limb leads
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or of 2 mm from baseline in chest leads, or T-wave
inversions with or without Q waves in a 12-lead electrocardiogram in association with an increase in creatine phosphokinase of at least twice the upper limit of
normal values on serial examination (n 5 113). Possible AMI was diagnosed by the presence of a convincing history of cardiac chest pain accompanied by an
increase of less than twice the upper limit of normal
values of cardiac enzymes and electrocardiographic
abnormalities that were not diagnostic but were suggestive of AMI (n 5 18). Unstable angina was diagnosed by cardiac chest pain lasting for .30 minutes
without a signi~cant increase in enzymes, absence of
diagnostic electrocardiographic changes, or a combination (n 5 13).

Exclusion criteria
Patients were excluded if they had none of the above
characteristics and noncardiac chest pain (n 5 8); angina pectoris with cardiac chest pain ,30 minutes (n 5
5); death before randomization (n 5 7); blood urea .40
mg/dL (n 5 2); cancer (n 5 1); diarrhea, dysentery, or
persistent vomiting (n 5 3); and cardiogenic shock (n 5
4). All patients presented within 72 hours of the onset
of symptoms of AMI.

Treatment
We supplied identical capsules for placebo treatment
from our laboratory. The placebo capsules contained
those B-complex vitamins that are less likely to provide any bene~t and unlikely to cause any adverse
effects to AMI patients during a 4-week trial. Placebo
capsules were administered to group B patients. The
test drug, coenzyme Q10, is marketed under the trade
name Q-Gel, which is a hydrosoluble coenzyme Q10
softsule manufactured by the Tishcon Corporation of
the United States, where it is sold as a food supplement. This brand has been proven to achieve the highest serum coenzyme Q10 levels of all brands available
as supplements in the United States. Each capsule contains 30 mg coenzyme Q10. All patients in the treatment group (group A) were administered two capsules
of Q-Gel two times daily (120 mg of coenzyme Q10/d).
The placebo capsules, containing thiamine mononitrate
IP 3 mg, ribo_avine IP 3 mg, pyridoxine hydrochloride
IP 1 mg, and nicotinamide IP 25 mg (two capsules
twice daily), were administered to all patients in placebo group B. The active and placebo capsules were not
truly identical. Hence, both groups of patients were
instructed not to show and compare their capsules with
those of other patients and not to show them to their
doctor, and both groups met separately. The test substances were provided to patients in containers that
were identical in all respects. Compliance was monitored by counting the number of capsules returned by
the patients on follow-up visits or each day during
hospitalization. All other advices regarding treatment
was similar in the two groups.

Study design
All patients with a clinical diagnosis of AMI or unstable angina, after written, informed consent was provided (approved by the review board of human studies
in our center), were randomized by pharmacists to receive either coenzyme Q capsules or placebo capsules
by the Heart Research Laboratory. The study was
blinded for physicians and technicians examining the
blood. All patients were strati~ed into anterior or posterior/inferior wall infarction, with or without complications such as hypotension, arrhythmia, and heart
failure. All patients were asked to blindly select one of
the cards, each enclosed in a sealed envelope and
marked either group A or B, from a pile in which an
equal number of each type was included. The intervention group A (n 5 73) received coenzyme Q and the
placebo group B (n 5 71) received B-complex vitamins
for a period of 28 days. All other treatments, such as
nitrates, aspirin, streptokinase, etc., were administered to both groups of patients. All patients remained
in the hospital for 5–15 days.

Study procedures
Clinical, electrocardiographic, radiologic, and laboratory data were recorded during hospitalization on a
form designed for this study. Blood pressures were
measured after 5 minutes rest, with the patient resting
comfortably in the supine position. Phase V Korotkoff
sounds were recorded for diastolic blood pressure. Hypertension was de~ned as blood pressure .140/90
mmHg and hypotension as systolic blood pressure ,90
mmHg Smoking was de~ned as smoking one or more
cigarettes or beedies per day. All patients admitted to
the unit were monitored on ECG lead II for 24–72
hours after admission. A 12-lead ECG was recorded
daily for 4–5 days and then on alternate days, and as
indicated with suspicion of reinfarction or arrhythmias
in both groups. Heart rate and arrhythmias were recorded from the resting ECG and after 48-hour monitoring. Arrhythmias were treated with drugs in the
presence of ventricular ectopic beats, with a minimum
of 8 beats/min, which were either unifocal or multifocal,
or 3 beats consecutively. Angina was recorded on a
questionnaire [17], was treated when chest pain persisted for greater than .1 minute, and was relieved or
diminished by taking sublingual nitroglycerin. Heart
failure was recorded using the New York Heart Association criteria for a dilated heart as seen on radiologic
and ECG dilatation of the left ventricle. Heart enlargement was de~ned as a dilated heart on radiologic and
ECG examination. When there was a change in ventricular enlargement between baseline and 28 days,
the same method was used to determine ventricular
enlargement in individual patients. Echocardiography
was performed after 28 days in some patients. Clinical
data, complications, drug intake, and smoking were
recorded for 28 days by an interviewer who was unaware of the treatment groups.
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Laboratory data
A fasting-state venous blood sample was drawn at entry and on subsequent occasion in the morning and was
analyzed for blood counts; hemoglobin; urea; glucose;
cardiac enzymes; vitamins A, E, and C; beta-carotene
and lipid peroxides (thiobarbituric acid reactive substances [TBARS]); malondialdehyde; and diene conjugates [18–22]. The cardiac enzyme lactate dehydrogenase was estimated on the ~fth or sixth day of
infarction and as indicated after AMI. Laboratory personnel analyzing the blood were blind to the treatment
groups.
The ascorbic acid assay [18] was performed using an
ultra violet-visible spectrophotometer in plasma obtained from heparinized blood within 1 hour of collection. Plasma was stored in a refrigerator after centrifugation. Lipid peroxides [21] were measured by a new
simple method based on a reaction between thiobarbituric acid and malondialdehyde, which are produced
from lipoperoxides during heating. Diene conjugates
[22] were measured by optical density. This method
measures mainly the 9,11-linoleic acid isomer, which
has been identi~ed as the major diene conjugate in
human sera. Malondialdehyde [20] is a breakdown
product of unsaturated fatty acids. An increase in
plasma levels of lipid peroxides, malondialdehyde, and
diene conjugates indicates free radical stress and cell
damage due to acute myocardial infarction. The coef~cients of variation for vitamins A, E, and beta-carotene
were 4.7%, 4.3%, and 2.3%, respectively.

Statistical analysis
Sample size calculations for the primary outcome variable, time to development of any cardiovascular endpoint, were based on two-sided tests, with a signi~cance level of 5% and a power of 80%. It was calculated
that 144 patients, with 72 in each group, would be
necessary to demonstrate a 20% difference between
the groups. A P value ,0.05 and a two-tailed t-test
were considered signi~cant. The two-sample t-test using one-way analysis of variance and the Z score for
proportions were used to measure the statistical signi~cance between the two groups. In both groups, data
were analyzed on the basis of intention to treat, and in
all outcome analyses during follow-up the last available
clinical or laboratory data were used for patients who
died or we lost to follow-up.

Results
We randomized 144 patients with AMI or unstable angina to intervention group A (n 5 73) or placebo group
B (n 5 71), as shown in Table 1. On entry into the study,
the mean age (mean 6 SD) was 48.0 6 8.6 versus 47.6
6 8.2 years; body weight, body mass index, and male
sex did not differ signi~cantly between the two groups
(see Table 1). Approximately 20% of the subjects were
females in both groups A and B. The clinical and bio-
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chemical data and results showed no signi~cant difference in the males. Four women in group A and ~ve in
B were tobacco chewers, and all were nonsmokers.
Delay from onset of symptoms of AMI to the beginning
of treatment was also comparable in the two groups.
The proportions of patients with previous myocardial infarction and angina pectoris were not signi~cantly different between the two groups. However,
there were signi~cantly more current smokers and
subjects taking nifedipine and fewer exsmokers in the
coenzyme Q group than in the placebo group. All remaining characteristics, such as ~nal diagnosis, extent
of myocardial disease, complications, and drug therapy
administered on admission, showed no signi~cant difference between the two groups (see Table 1).
Baseline concentrations of the antioxidant vitamins
A, E, and C and of beta-carotene were markedly lower
than usually observed in healthy adults and were comparable in the AMI groups. However, lipid peroxides,
malondialdehyde, and diene conjugates, indicators of
oxidative bursts, were high in the two experimental
groups compared with levels in healthy adults in our
laboratory (Table 2). Treatment with coenzyme Q10
and placebo for 28 days was associated with a signi~cant increase in the plasma levels of the antioxidant
vitamins A, E, and C and beta-carotene, and a reduction in lipid peroxides, malondialdehyde, and diene conjugates in the coenzyme Q group than in the placebo
group.
Angina pectoris, poor left ventricular function, and
total cases with arrhythmias were signi~cantly lower
in the coenzyme Q group than in the placebo group at
28 days of follow-up. Total cardiac events, which included cardiac deaths and nonfatal infarction, were
signi~cantly fewer in the intervention group than in
the control group (Table 3). Adverse effects of coenzyme Q, such as nausea, vomiting, epigastric discomfort, and headache, were more common in the coenzyme group than in the placebo group (Table 4).

Discussion
This indian experiment shows that treatment with coenzyme Q10 (120 mg/d) was associated with a signi~cant reduction in angina pectoris, poor left ventricular
function, and cardiac arrhythmias in the coenzyme Q
group compared with the placebo group. Total cardiac
events (cardiac deaths and nonfatal infarction) at 28
days of follow-up were also signi~cantly lower in the
intervention group than in the placebo group (15.0 vs.
30.9, P , 0.02). These bene~cial effects indicate that in
patients at relatively high risk for recurrent coronary
events, treatment with coenzyme Q10 reduces risk due
to its rapid protective effects against acute complications related to myocardial dysfunction and possibly
coronary artery thrombosis (see Table 3). In this experiment treatment with oral coenzyme Q10 was administered within a mean of 42 hours after the onset of

Table 1. Characteristics of randomized subjects at entry to study
Coenzyme Q
(n 5 73)
Men
Body weight (kg)
Body mass index (kg/m2)
Previous myocardial infarction
Previous angina pectoris
Known hypertension (.140/90 mmHg)
Current smokers (.1 cigarette/d)
Exsmoker
Medication
Diltiazem (20–160 mg/d)
Nifedipine (10–30 mg/d)
Aspirin (75–150 mg/day)
Enalapril maleate (5–15 mg/d)
Nitrate (20–40 mg/d)
Final diagnosis
Acute myocardial infarction
Possible acute myocardial infarction
Unstable angina
Extent of disease
Anterior or universal
Posterior/inferior
Ventricular ectopics (.8/min)
Left ventricular enlargement
Peak creatine phosphokinase (IV)
Elapsed time from symptom onset to intervention (h)
Drug therapy given on admission
Streptokinase (0.75–1.5 million IU; n 5 6 vs. 6)
Nitrates (20–60 mg/d)
Aspirin (75–150 mg/d)
Diltiazem (60–120 mg/d)
Metaprolol (40–120 mg/d)

Placebo
(n 5 71)

58 (79.4)
65.0 6 6
23.8 6 1.6
5 (6.8)
9 (12.3)
30 (41.0)
28 (38.3)a
8 (10.9)

57 (80.3)
64.7 6 6
23.6 6 1.5
8 (11.2)
10 (14.1)
29 (40.8)
18 (25.3)
12 (16.9)

16 (21.9)
20 (27.4)
11 (15.4)
4 (5.4)
13 (17.8)

18 (25.3)
10 (14.1)
9 (12.6)
8 (11.2)
15 (21.1)

57 (78.0)
10 (13.7)
6 (8.2)

56 (78.8)
8 (11.2)
7 (9.8)

47 (64.4)
20 (27.4)
14 (19.2)
10 (13.7)
696 6 108
42 6 4.6

47 (66.2)
17 (23.9)
7 (9.8)
7 (9.8)
668 6 95
46 6 4.8

1.32 6 0.3
70 6 6
105 6 8
110 6 11
85 6 6

1.36 6 0.3
75 6 7
108 6 9
116 6 12
90 6 8

P ,0.05.
Values are expressed as number (%) or mean 6 SD

a

Table 2. Plasma levels of antioxidant vitamins and oxidative stress at entry and changes after treatment
Coenzyme Q (n 5 73)
At entry
Vitamin A (lmol/L)
Vitamin E (lmol/L)

1.98 6 0.15
16.3 6 2.7

Changes
1 0.44
1 10.9

Placebo (n 5 71)
At entry
1.95 6 0.13
17.1 6 2.8

Changes
1 0.14
1 2.5

Vitamin E/cholesterol

3.01 6 0.54

1 1.82

3.11 6 0.55

1 0.33

Vitamin C (lmol/L)

4.9 6 1.2

1 16.6

5.1 6 1.3

1 4.5

Beta-carotene (lmol/L)

0.18 6 0.04

1 0.32

0.19 6 0.05

1 0.07

TBARS (qmol/L)

1.86 6 0.42

2 1.02

1.78 6 0.38

2 0.18

Malondialdehyde (qmol/L)

1.75 6 0.36

2 0.88

1.68 6 0.35

2 0.21

Diene conjugate
(O D units)

28.8 6 4.3

2 5.0

29.6 6 4.4

2 1.5

Difference
(95% C.I.)
0.3a
(0.11–0.62)
8.4b
(5.2–16.2)
1.5a
(0.44–3.1)
12.1b
(6.6–22.1)
0.25a
(0.08–0.52)
0.84a
(0.41–1.15)
0.67a
(0.34–1.1)
3.5a
(1.2–4.8)

a
P , 0.05; bP , 0.01.
At 28 days laboratory data were available for 68 intervention and 65 placebo group patients and at entry for all patients. Values are expressed as
mean 6 SD.
CI 5 con~dence interval; TBARS 5 thiobarbituric acid reactive substances.
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Table 3. Complications and cardiac events in intervention and placbo groups
Coenzyme Q
(n 5 73)

Placebo
(n 5 71)

Complications
Angina pectoris

7 (9.5%)

NYHA class III and IV heart failure

2 (2.7)

8 (11.2)

Left ventricular enlargement

4 (5.4)

8 (11.2)

Total cases with poor left
ventricular function
Ventricular ectopics (.8/min)

6 (8.2)a

16 (22.5)

5 (6.8)

14 (19.7)

Ventricular ectopics (.3 consecutively)

2 (2.7)

4 (5.6)

Total arrhythmias

7 (9.5)a

18 (25.3)

Hypotension (systolic ,90 mmHg)

5 (6.8)

3 (4.2)

Cardiac events
Sudden cardiac death

3 (4.1)

4 (5.6)

Fatal myocardial infarction

3 (4.1)

5 (7.0)

Nonfatal myocardial infarction

5 (6.8)

13 (18.3)

Total cardiac deaths

6 (8.2)

9 (12.6)

Total cardiac events

11 (15.0)b

22 (30.9)

20 (28.1)

Relative risk
(95% CI)

0.33
(0.16–0.50)
0.24
(0.11–0.88)
0.48
(0.13–1.51)
0.36
(0.23–0.62)
0.34
(0.11–0.88)
0.48
(0.12–1.14)
0.37
(0.22–0.66)
1.6
(0.6–3.7)
0.73
(0.32–0.98)
0.58
(0.32–0.99)
0.37
(0.28–0.77)
0.65
(0.32–0.99)
0.48
(0.28–0.80)

P value obtained by comparison of intervention and placebo groups by Z score test for proportions.
a
P , 0.05; bP , 0.02.
Data are reported as number (%). CI 5 con~dence interval.

symptoms of AMI, which indicates that coenzyme Q10
must have provided rapid protective effects against
ischemia-induced cardiac damage due to its bene~cial
effects on platelet size and diminished vitronection-receptor expression [10]. There were signi~cantly more
current smokers in the coenzyme Q group. Because
current smokers have a better in-hospital prognosis
after AMI, a part of the bene~t in the intervention
group may be due to cessation of smoking.

Table 4. Adverse manifestations of coenzyme Q and
placebo group

Nausea
Vomiting
Epigastric discomfort
Headache
Bodyache
Hypotension during
~rst week

Coenzyme Q
(n 5 73)

Placebo
(n 5 71)

28 (38.3)
16 (21.9)
9 (12.3)
9 (12.3)
5 (6.8)
12 (16.4)

11 (15.4)
7 (9.8)
7 (9.8)
—
—
5 (7.0)

There is evidence that coenzyme Q10 can protect
against angina pectoris, arrhythmias, and heart failure
due to various causes [12–16]. A few double-blind, placebo-controlled trials [13,14] have also been published
to demonstrate the role of coenzyme Q10 in coronary
artery disease [23–25]. In postinfarction patients [24],
treatment with coenzyme Q10 caused a signi~cant
bene~cial effect on work capacity and a reduction in
malondialdehyde levels in the treatment group compared with placebo. In a multicenter study [25], the
effect of coenzyme Q10 (150 or 300 mg/d), on exercise
duration in stable angina was compared with placebo in
37 patients during a 4-week follow-up. Coenzyme Q10
monotherapy was associated with an increase in exercise duration to onset of angina of 70 seconds in the
300-mg group and 65 seconds in the 150-mg group after
1 week and of 140 and 127 seconds, respectively, at 4
weeks. All these trials were conducted in a small
number of patients and had only a short duration of
follow-up. In a previous preliminary study by Kuklinski et al. [26], in a smaller series of 61 patients, coenzyme Q10 seemed to improve the course up to 1 year
after myocardial infarction. However, in this study the
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intervention involved both coenzyme Q10 (100 mg/d)
and selenium (100 ug/d).
Apart from clinical bene~cial effects, treatment
with coenzyme Q10 was associated with a signi~cant
reduction in lipid peroxides, malondialdehyde, and diene conjugates, which are indicators of free radical–induced damage during myocardial ischemia (see Table
2) [1–4]. A reduction in malondialdehyde on coenzyme
Q10 therapy in patients with myocardial infarction has
also been described in other studies [24]. There is evidence that ischemia-induced free radical stress may be
associated with accumulation of lipid peroxides and
hydroperoxides, which work as oxidants and are damaging to cells during the ~rst few weeks after AMI
[1–4]. Therefore, free radical stress, which is maximum
during reperfusion injury, continues and treatment
with antioxidants may be protective. Treatment with
coenzyme Q10 may increase its concentration in the
mitochondria and improve mitochondrial respiration
[27], producing improved postischemic ventricular recovery [28]. Treatment with coenzyme Q10 may also
improve the hyperlipidemia [29] and ischemia induced
decrease in coenzyme levels, which may protect
against the oxidation of cholesterol and improve coronary endothelial function [30].
We also observed an increase in plasma levels of the
antioxidant vitamins A, E, and C and beta-carotene in
the coenzyme Q10 group than in the placebo group,
although these levels were markedly lower initially in
both groups (see Table 2). Regeneration of vitamin E
from the alpha-tocopheroxyl radical on coenzyme Q10
administration [31] has been observed in several studies without any in_uence on other antioxidants. The
improvement in plasma levels of antioxidant vitamins
and beta-carotene in the intervention group may be due
to protection of myocardium by coenzyme Q10 and their
decreased intracellular shift and consumption by the
myocardial cell. It is possible that coenzyme Q10 provides protection via its antioxidant membrane-stabilizing property and its free radical scavenging activity [6].
Coenzyme Q10 has been demonstrated to protect calcium-dependent and Na, K–dependent ATPase activity
[6–8]. The adverse effects of coenzyme Q10 were mainly
nausea, vomiting, and headache, which have also been
noted in other recent studies [32–35].
In brief, the Indian experiment has shown that treatment with coenzyme Q10 may be protective against angina, arrhythmias, and heart failure as well as against
cardiac events in patients with AMI. Coenzyme Q10,
with its improved bioavailability [35], should be administered as soon as possible before any other treatment in
AMI patients to provide antioxidant protection against
reperfusion-induced free radical damage.
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