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Abstract

Vitamin E and coenzyme Q10 (CoQ10) have antioxidant effects that may benefit cardiovascular health. Meta-analyses of

randomized controlled trials have not shown a protective effect of supplementationwith the vitamin E isomer a-tocopherol

on the risk of acute myocardial infarction (AMI), but data on other isomers and CoQ10 are limited. Our objective was to

examine the association of the plasma concentrations of vitamin E isomers (a-, g-, and d-tocopherol and a-, g-, and d-

tocotrienol) and CoQ10 (ubiquinol and ubiquinone) with the incidence of AMI. We conducted a nested case-control study

with 233 cases of incident AMI and 466 matched controls selected from the Singapore Chinese Health Study, aged 45–74 y

at the time of recruitment and free of cardiovascular disease at the time of blood collection. We used conditional logistic

regression to examine the association between vitamin E and CoQ10 and the risk of AMI adjusted for other risk factors. In

the basic model, higher d-tocopherol and ubiquinone concentrations were significantly associated with a higher risk of AMI,

whereas there were no significant associations for the other vitamin E and CoQ10 isomers. After adjusting for lifestyle and

other risk factors, only the association between d-tocopherol and AMI risk remained significant [OR = 3.09 (95% CI: 1.53,

6.25) highest vs. lowest quintile; P-trend = 0.028]. We did not observe an inverse association between plasma

concentrations of vitamin E isomers or CoQ10 and risk of AMI in Singapore Chinese. In contrast, plasma d-tocopherol

concentrations were associated with a higher risk of AMI. Our findings do not support a role of higher vitamin E or CoQ10

intakes in the prevention of AMI. J. Nutr. 142: 1046–1052, 2012.

Introduction

Vitamin E originates from plants and consists of 8 isomeric
forms: a-, b-, g-, and d-tocopherol and a-, b-, g-, and d-
tocotrienol (1). Vitamin E intake has been associated with higher
a-tocopherol concentrations in several studies (2–5) and has
been suggested to have beneficial effects on cardiovascular
health through inhibition of LDL cholesterol oxidation within
the arterial endothelium during early atherogenesis (6). Meta-
analyses of randomized controlled trials (7,8) have not shown a
protective effect of vitamin E supplementation against the
development of cardiovascular diseases. However, the evaluated
supplements only contained the a-tocopherol isomer of vitamin

E (9,10) and data on other isomers, including b-, g-, and d-
tocopherol and a-, b-, g-, and d-tocotrienol, are limited (11–13).
Supplementation with only a-tocopherol has been shown to
reduce serum concentrations of g- and d-tocopherol (14,15),
suggesting negative effects on the bioavailability and bioactivity
of other tocopherols. g-Tocopherol is the most common form of
vitamin E in the U.S. diet (1) and may have greater antioxidant
and antiinflammatory properties than a-tocopherol [which is
more common in Southern European diets (16)], as shown in in
vitro and animal studies (13). In a pooled analysis of 9 cohort
studies, dietary vitamin E was associated with a modestly lower
risk of myocardial infarction (12).

Rich dietary sources of vitamin E include wheat germ (a-
tocopherol, b-tocopherol), alfalfa and almonds (a-tocopherol),
safflower oil (a-tocopherol), soybean oil (g-tocopherol, d-
tocopherol), corn oil (g-tocopherol) (17), and whole cereals
(b-tocopherol and a-tocotrienol) (18). The b-isomers have been
found in only small amounts in the diet (19,20). The primary site
of vitamin E regulation and metabolism is in the liver (21). In the
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liver, the a-tocopherol-transport protein binds a-tocopherol into
VLDL, whereas g-tocopherol and other isomers are excreted in
bile, thereby establishing an elevated a- tocopherol:g-tocopherol
ratio in serum. Increasing the intake of a-tocopherol results in
the reduction of g-tocopherol concentrations in human tissue
(15). It is also well established that the plasma concentrations of
vitamin E increase with the amount of total plasma lipids, because
vitamin E is transported by the plasma lipoproteins (22). In the
circulation, VLDL is catabolized to LDL, which then becomes the
main carrier of vitamin E isomers to peripheral tissues (23).
Coenzyme Q10 (COQ10)8 is present in all living cells and plays an
important role in the electron transport chain in mitochondria and
as an intracellular antioxidant (24). It is found in large amounts in
organs such as the heart, liver, and kidney (25,26) and rich dietary
sources include meat, fish, and oils (26). There are 2 forms of
CoQ10: ubiquinone (oxidized form) and the more antioxidant
active form, ubiquinol (reduced form). Endogenous CoQ10 is
derived from both dietary sources and biosynthesis via the
mevalonate or hydroxymethylglutaryl CoA reductase pathway,
which is important in cholesterol biosynthesis (24). CoQ10 intake
has been associated with higher plasma CoQ10 concentrations in
previous studies (27). Results from several randomized controlled
trials suggest that CoQ10 supplementation can lower blood
pressure (28) and CoQ10 may also affect atherosclerosis though
inhibition of LDL cholesterol oxidation (29–31). There is some
evidence from smaller trials for a beneficial effect on the risk of
coronary heart disease in high-risk individuals (29–31).

The plasma concentrations of a-tocopherol and CoQ10 were
previously reported to be correlated (24). CoQ10 found in cellular
membranes has also been shown to prevent the oxidation of a-
tocopherol, suggesting that ubiquinol may be involved in the
regeneration of reduced a-tocopherol (32). Experimental data also
showed CoQ10 to be more efficient than a-tocopherol in
inhibiting LDL oxidation (33).

Prospective data on different vitamin E isomers and CoQ10
concentrations in relation to risk of coronary heart disease are
sparse. We therefore conducted a prospective study of the
plasma concentrations of 6 isomers of vitamin E and 2 redox
forms of CoQ10 in relation to incidence of myocardial infarc-
tion in the Singapore Chinese population.

Materials and Methods

Study population.We conducted a case-control study consisting of 233

incident cases of acute myocardial infarction (AMI) and 466 matched

controls and nested within a population-based cohort, the Singapore
Chinese Health Study (SCHS). The SCHS is a prospective cohort of

63,257 Chinese women and men aged 45–74 y at the time of recruitment

between April 1993 and December 1998 and recruited from the 86% of

the Singapore population residing in government housing estates at that
time. Study participants were restricted to the 2 major dialect groups of

Chinese in Singapore, Hokkiens and Cantonese (34).

A structured questionnaire was administered face-to-face in the

participant’s home by a trained interviewer at the time of recruitment
between 1993 and 1998. Information on participant demographics,

height, weight, education level, cigarette smoking, alcohol consumption,

physical activity (weekly hours of strenuous sport), and past medical

history were collected. We collected blood and urine specimens from a
random 3% sample of study enrollees beginning in April 1994 and that

was extended to all surviving cohort members beginning in January

2000. At completion (April 2005), biospecimens were obtained from
32,543 participants, representing a consent rate of 60% in contacted

participants. Details of the biospecimen collection, processing, and storage

procedures were previously described (35). Systolic blood pressure (SBP)

and diastolic blood pressure (DBP) were measured during in-person visits
by trained doctors or nurses using Omron Automatic Digital Blood

Pressure Monitors (HEM 705CP) according to validated standard

procedures (36). The blood pressures were taken after the participants

were seated at rest for at least 5min. Each participant had 3 blood pressure
measurements, with a 3-min interval between measurements. The mean

value of the 3 SBP and DBP readings was used in the data analysis.

This study was approved by the Institutional Review Boards at the

National University of Singapore and the University of Minnesota.

Case selection. Incident AMI cases were identified by 2 independent
methods via electronic linkages between the SCHS cohort database and

1) the Singapore Myocardial Infarction Registry (SMIR), a centralized

population-based AMI registry initiated in 1986, or 2) a governmental
national hospital discharge database that captured AMI cases based on

inpatient discharge information since 1990. These 2 datasets were

previously explained in more detail (37).

We first excluded 3401 participants who reported physician-diag-
nosed coronary heart disease or stroke at the baseline interview. Through

linkage analysis between the remaining 59,856 participants in the

cohort, and the SMIR (up to 2002) and hospital discharge databases (up

to December 2004), we identified a total of 233 incident cases of definite
or probable AMI (International Classification of Diseases-9 code 410)

among the participants that provided blood. The medical records of

these cases were reviewed by a cardiologist and confirmed as AMI cases

using WHO diagnostic categories (38) and the Multi-Ethnic Study of
Atherosclerosis criteria (39) respectively. Of the included cases that were

identified through the hospital admission records, 94% was classified as

definite AMI according to the Multi-Ethnic Study of Atherosclerosis
criteria (37). Of the included cases that were identified through the

SMIR, 79% were classified as definite AMI according to WHO criteria.

Control selection. For each case, 2 controls who were alive and free of

cardiovascular disease (heart attack or angina and stroke) at the time of

the AMI diagnosis of the case participants (up to 31 December 2005)
were randomly selected from the SCHS cohort. Controls were matched

to the case by gender, dialect group (Hokkien, Cantonese), year of birth

(62 y), year of recruitment (61 y), and date of blood collection (66 mo).

Laboratory measurements. Plasma samples of a given matched set (1

case and 2 matched controls) were arranged in random order and tested
in the same laboratory batch for all subsequent measurements. HPLC

was used to simultaneously measure the plasma concentrations of the

isomers of vitamin E, redox forms of CoQ10, and carotenoids (b-

cryptoxanthin and lutein) using a Waters Alliance 2695 separation
module, an Agilent Zorbax SBC18 guard column (5 m, 12.5-mm3 4.6-

mm i.d.) with 2 Phenomenex 2-positions 6-ports Synergi fluid processor

(Models AVO-6082) integrated to a photodiode array detection system
(Model 2996, Waters), a fluorescence detector (Model 2475, Waters),

and an electrochemical detection system (Model 1049A, Agilent) based

on the methods described by Lee et al. (40,41).

The within-day and between-day CV for the vitamin E and CoQ10
were as follows: a-tocopherol (5.2 and 13.4%), g-tocopherol (3.8 and

5.3%), d-tocopherol (19.1 and 32.6%), a-tocotrienol (9.4 and 11.2%),

g-tocotrienol (16.2 and 22.5%), d-tocotrienol (19.1 and 32.6%),

ubiquinol (8.5 and 6.6%), and ubiquinone (6.4 and 20.0%).
Total cholesterol was measured using a method based on an

enzymatic method utilizing cholesterol esterase and cholesterol oxidase

conversion (42). HDL cholesterol plasma concentrations were measured
based on the methods of Izawa et al. (43).

The Friedewald formula was used to calculate the plasma concen-

trations of LDL cholesterol (44). TGwere measured based on the Fossati

3-step enzymatic reaction with a Trinder endpoint (45). Total choles-
terol, HDL cholesterol, and TG were measured using the Bayer Advia

1650 Autoanalyzer using standard reagents (46,47).

Statistical analysis. Statistical analysis of all data were performed using

the statistical package STATA v10 (StataCorp, 2009). Demographic

8 Abbreviations used: AMI, acute myocardial infarction; CoQ10, coenzyme Q10;

DBP, diastolic blood pressure; SBP, systolic blood pressure; SCHS, Singapore

Chinese Health Study; SMIR, Singapore Myocardial Infarction Registry.
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characteristics and risk factors for AMI in the cases and controls were

compared using the chi-squared and Student’s t tests. Partial correlation
analyses were performed in the control group to examine the correla-
tions between the isomers of vitamin E and redox forms of CoQ10 and

were adjusted for age, gender, dialect, year of interview, year of blood

specimen collection, and plasma total cholesterol and TG.

The independent variables analyzed were the plasma concentrations
of a-, g-, and d-tocopherol, a-, g-, and d-tocotrienol, ubiquinone, and

ubiquinol. Natural logarithm transformations were performed for g-

tocopherol and a-, g-, and d-tocotrienol, because the distributions of

these variables were skewed. Back-transformations were subsequently
performed so that variables could be interpreted on the original scale.

A conditional logistic regression model was used to test the

associations between vitamin E (a-, g-, and d-tocopherol and a-, g-,

and d-tocotrienol) and CoQ10 (ubiquinone and ubiquinol) and the risk
of AMI. Study participants were grouped into quintiles based on the

plasma concentrations of vitamin E and CoQ10 measured in the cases

and controls. The measure of the association between the exposure and
outcome variable used was the OR with corresponding 95%CI. P-trends
were calculated by modeling the medians of the quintiles as a continuous

variable. Covariates were adjusted for in the regression models. The first

model adjusted for total cholesterol (mmol/L) and TG (mmol/L). It also
adjusted for the matching factors, age at blood collection (years), gender

(male, female), dialect group (Hokkien, Cantonese), year of interview

(1993–1995, 1996–1998), and year of blood drawn (year) because of the

conditional logistic regression used. The second model also adjusted for
cigarette smoking (never smoker, former smoker, current smoker ,13

cigarettes/d, 13–22 cigarettes/d, $23 cigarettes/d), BMI (kg/m2), educa-

tion (no formal education, primary school and less, secondary school,
more than secondary school), moderate-intensity physical activity

(0, ,2 h/wk, $2 h/wk), strenuous sports (0, ,2 h/wk, $2 h/wk),

strenuous work activity (0, ,2 h/wk, $2 h/wk), alcohol (g/d),

plasma b-cryptoxanthin (mmol/L), plasma lutein (mmol/L), history of
hypertension (present, not present), and history of diabetes mellitus

(present, not present). Information on alcohol intake was obtained from

a FFQ capturing the average use of various alcoholic beverages during

the past year and the participant’s usual serving size. Alcohol content
was determined by comparison with established ethanol contents of

standard alcoholic drinks. A positive history of hypertension or diabetes

was based on a participant’s positive reply at baseline to the question,

“Have you been told by a doctor to have hypertension/diabetes.” We
also evaluated possible 2-way interactions between vitamin E isomers

and the redox forms of CoQ10. We added multiplicative interaction

terms for the vitamin E and CoQ10 variables to the multivariable model,
including diabetes and smoking, and used log-likelihood tests to

compare nested models with and without the interaction terms. For

this purpose, we used summed tocopherol and tocotrienol plasma

concentrations and the ubiquinol and ubiquinone plasma concentra-
tions, all modeled as tertiles to avoid cells with small numbers. All P
values mentioned were 2-sided and considered significant if ,0.05.

Values in the text are mean 6 SD unless otherwise stated.

Results

There were 233 incident AMI cases (65%male and 35% female)
and 466 matched controls in our study and the mean age was

TABLE 2 Partial Pearson correlation coefficients of plasma concentrations of tocopherols, tocotrienols,
ubiquinol, and ubiquinone in the control group (n = 466) in the SCHS1

a-Tocopherol g-Tocopherol d-Tocopherol a-Tocotrienol g-Tocotrienol d-Tocotrienol Ubiquinol Ubiquinone

a-Tocopherol 1.00 0.17* 0.23* 20.04 20.01 20.03 0.27* 0.07

g-Tocopherol 1.00 0.56* 0.04 0.01 0.003 0.25* 0.07

d-Tocopherol 1.00 0.25* 0.13* 20.04 0.26* 0.08

a-Tocotrienol 1.00 0.62* 0.02 0.07 20.01

g-Tocotrienol 1.00 0.11* 20.05 20.11*

d-Tocotrienol 1.00 20.03 0.01

Ubiquinol 1.00 0.14*

Ubiquinone 1.00

1 Adjusted for age, gender, dialect, year of interview, and year of blood specimen collection, total cholesterol, and TG. *P , 0.001. SCHS,

Singapore Chinese Health Study.

TABLE 1 Selected demographic characteristics and risk factors
for AMI in cases and controls in the SCHS1

Characteristics
Cases Controls

P value(n = 233) (n = 466)

Age, y 60.4 6 0.5 60.3 6 0.4 0.94

Gender, n (%)

Male 152 (65.2) 304 (65.2) 1.00

Female 81 (34.8) 162 (34.8)

BMI, kg/m2 23.3 6 0.2 22.9 6 0.1 0.15

Education, n (%)

No formal school 58 (24.9) 108 (23.2) 0.043

Primary school 127 (54.5) 221 (47.4)

Secondary or higher 48 (20.6) 137 (29.4)

Cigarette smoking, n (%)

Never 112 (48.1) 270 (58.0) 0.001

Former smokers 35 (15.0) 86 (18.5)

Current smokers 86 (36.9) 110 (23.6)

Alcohol intake, g/d 2.2 6 0.6 2.9 6 0.5 0.40

Physical activity (strenuous sports), n (%)

None 223 (95.7) 429 (92.1) 0.18

,2 h/wk 2 (0.9) 10 (2.1)

$2 h/wk 8 (3.4) 27 (5.8)

History of diabetes, n (%) 51 (21.9) 37 (7.9) ,0.001

History of hypertension, n (%) 120 (51.5) 169 (36.3) ,0.001

SBP,2 mm Hg 152.8 6 1.5 141.1 6 0.9 ,0.001

DBP,2 mm Hg 82.8 6 0.7 80.6 6 0.5 0.007

Plasma concentrations

Total cholesterol, mmol/L 5.4 6 0.1 5.2 6 0.04 0.019

HDL cholesterol, mmol /L 1.3 6 0.02 1.3 6 0.02 0.003

LDL cholesterol, mmol /L 3.3 6 0.1 3.1 6 0.04 0.002

TG, mmol /L 1.8 6 0.1 1.7 6 0.04 0.022

a-Tocopherol, mmol/L 34.9 6 0.7 33.0 6 0.4 0.015

g-Tocopherol, mmol/L 1.5 6 0.05 1.4 6 0.04 0.65

d-Tocopherol, mmol/L 0.5 6 0.01 0.4 6 0.01 0.001

a-Tocotrienol, nmol/L 46.8 6 3.1 37.1 6 1.5 0.005

g-Tocotrienol, nmol/L 79.1 6 4.5 68.3 6 2.7 0.040

d-Tocotrienol, nmol/L 42.0 6 1.7 45.1 6 2.0 0.23

Ubiquinol, mmol/L 0.8 6 0.02 0.7 6 0.01 0.13

Ubiquinone, mmol/L 0.2 6 0.005 0.1 6 0.003 0.006

1 Values are mean 6 SE for continuous variables and n (%) for categorical variables.

AMI, acute myocardial infarction; DBP, diastolic blood pressure; SBP, systolic blood

pressure; SCHS, Singapore Chinese Health Study.
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~60 y. The length of follow-up was 1.86 1.4 y for the cases and
4.7 6 1.9 y for the controls. Participants who developed AMI
tended to have a higher BMI and a lower education level and
were more likely to be cigarette smokers and to have a history of
diabetes and hypertension. They also had a higher blood
pressure, higher concentrations of total cholesterol, LDL cho-
lesterol, and TG, but lower HDL cholesterol than control
participants (Table 1). Compared with controls, AMI patients
had significantly elevated concentrations of plasma a- and d-
tocopherols, a- and g-tocotrienols, and ubiquinone (Table 1).

The strongest partial correlations between the isomers of
vitamin E and CoQ10 in the control group were between a-
tocotrienol and g-tocotrienol (r = 0.62; P, 0.001) and between
d-tocopherol and g-tocopherol (r = 0.56; P , 0.001) after

adjusting for age, gender, dialect, year of interview, year of blood
specimen collection, and total cholesterol and TG concentra-
tions (Table 2).

We evaluated the association between quintiles of the
plasma concentrations of the isomers of vitamin E and risk of
AMI (Table 3). Plasma cholesterol and TG concentrations were
included in the multivariable models, because plasma lipids are
carriers of vitamin E. In the basic model (model 1), only a
higher d-tocopherol concentration was significantly associated
with a higher risk of AMI, whereas there were no significant
associations for the other vitamin E isomers. After adjustment
for other potential confounders, the association between d-
tocopherol concentrations and AMI risk remained significant
(Table 3).

TABLE 3 OR of AMI according to quintiles of plasma a-, g-, and d-tocopherols and a-, g-, and d-tocotrienols in the SCHS1–3

Quintiles

Q1 Q2 Q3 Q4 Q5 P trend

a-Tocopherol, mmol/L

Cases:controls, n:n 36:104 47:93 42:98 51:89 57:82

Range 14.9–26.8 26.8–30.4 30.4–34.0 34.1–39.8 39.8–101.2

Median (IQR) 24.5 (22.5–25.5) 28.6 (27.7–29.6) 32.1 (31.1–33.2) 36.5 (35.1–37.9) 44.2 (42.3–47.7)

Model 1 OR (95% CI) 1.00 1.37 (0.82–2.29) 1.09 (0.61–1.93) 1.41 (0.78–2.56) 1.58 (0.82–3.07) 0.19

Model 2 OR (95% CI) 1.00 1.69 (0.96–2.99) 1.33 (0.69–2.53) 1.62 (0.81–3.24) 2.09 (0.96–4.52) 0.11

g-Tocopherol, mmol/L

Cases:controls, n:n 49:91 46:94 43:97 42:98 53:86

Range* 0.22–0.84 0.84–1.08 1.09–1.41 1.42–1.95 1.96–7.33

Median (IQR)* 0.69 (0.59–0.77) 0.98 (0.90–1.03) 1.23 (1.14–1.32) 1.64 (1.54–1.79) 2.44 (2.20–2.95)

Model 1 OR (95% CI) 1.00 0.83 (0.50–1.37) 0.68 (0.40–1.15) 0.67 (0.40–1.14) 0.94 (0.55–1.62) 0.71

Model 2 OR (95% CI) 1.00 0.88 (0.50–1.54) 0.72 (0.40–1.28) 0.69 (0.38–1.22) 0.96 (0.52–1.77) 0.72

d-Tocopherol, mmol/L

Cases:controls, n:n 25:116 52:87 48:93 47:92 61:78

Range 0.07–0.31 0.31–0.38 0.38–0.46 0.46–0.59 0.59–1.46

Median (IQR) 0.26 (0.21–0.28) 0.34 (0.32–0.36) 0.42 (0.40–0.43) 0.52 (0.48–0.55) 0.68 (0.63–0.77)

Model 1 OR (95% CI) 1.00 2.87 (1.60–5.16) 2.37 (1.32–4.25) 2.29 (1.26–4.15) 3.31 (1.77–6.18) 0.005

Model 2 OR (95% CI) 1.00 2.96 (1.55–5.66) 2.27 (1.19–4.31) 2.21 (1.14–4.29) 3.09 (1.53–6.25) 0.028

a-Tocotrienol,* nmol/L

Cases:controls, n:n 46:97 36:102 53:86 46:97 52:84

Range* 8.24–16.5 16.6–25.9 26.0–36.0 36.2–54.2 54.8–423

Median (IQR)* 9.4 (9.4–12.4) 22.1 (18.8–24.0) 31.1 (28.6–33.7) 43.6 (40.3–48.0) 78.1 (63.1–104.2)

Model 1 OR (95% CI) 1.00 0.79 (0.44–1.45) 1.32 (0.70–2.48) 1.06 (0.56–2.02) 1.33 (0.70–2.51) 0.30

Model 2 OR (95% CI) 1.00 0.66 (0.34–1.29) 0.94 (0.46–1.91) 0.87 (0.42–1.78) 1.21 (0.60–2.44) 0.48

g-Tocotrienol,* nmol/L

Cases:controls, n:n 41:103 44:92 50:90 44:97 54:84

Range* 1.22–24.4 25.2–44.3 44.4–68.1 69.0–108 110–460

Median (IQR)* 11.0 (2.44–24.4) 36.5 (30.2–41.2) 56.4 (49.1–62.1) 85.7 (77.6–96.8) 151 (130–199)

Model 1 OR (95% CI) 1.00 1.31 (0.72–2.36) 1.49 (0.82–2.73) 1.29 (0.69–2.42) 1.77 (0.91–3.45) 0.11

Model 2 OR (95% CI) 1.00 1.15 (0.60–2.20) 1.40 (0.72–2.74) 1.08 (0.55–2.13) 1.58 (0.77–3.26) 0.27

d-Tocotrienol,* nmol/L

Cases:controls, n:n 45:95 53:87 38:103 51:90 46:91

Range* 2.27–21.3 21.3–34.4 34.7–43.5 43.9–54.7 55.1–391

Median (IQR)* 13.9 (9.58–17.7) 29.0 (25.2–31.9) 38.8 (37.1–41.6) 48.2 (45.4–51.1) 70.6 (60.6–90.8)

Model 1 OR (95% CI) 1.00 1.35 (0.74–2.45) 0.74 (0.38–1.43) 1.26 (0.61–2.58) 1.09 (0.52–2.28) 0.98

Model 2 OR (95% CI) 1.00 1.34 (0.71–2.52) 0.71 (0.35–1.45) 0.92 (0.41–2.06) 0.95 (0.42–2.14) 0.74

1 Asterisks indicate log-transformed and back-transformed variables. AMI, acute myocardial infarction; SCHS, Singapore Chinese Health Study.
2 Model 1: Covariates adjusted for through matching included age (y) at collection, sex (M,F), dialect group (Hokkien, Cantonese), year of interview (1993–1995, 1996–1998), and

year blood was drawn. In addition, we adjusted for total cholesterol (mmol/L) and TG (mmol/L).
3 Model 2: adjustment for variables in model 1, cigarette smoking (never smoker, former smoker, current smoker ,13, 13–22, $23 cigarettes/d), BMI (kg/m2), education (no

formal education, primary school and below, secondary school, above secondary school), moderate intensity physical activity (0,,2,$2 h/wk), strenuous sports (0,,2,$2 h/wk),

strenuous work activity (0,,2 h/wk,$2 h/wk), alcohol consumption (g/d), plasma b-cryptoxanthin (mmol/L), plasma lutein (mmol/L), hypertension (yes, no), and diabetes (yes, no).
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We also examined the association between quintiles of the
plasma concentrations of CoQ10 and risk of AMI (Table 4). In
the basic model, higher ubiquinone concentrations were signif-
icantly associated with a higher risk of AMI. However, this
association was attenuated and not significant after further
adjustment for other potential confounders (model 2). There
was no significant association between the plasma concentration
of ubiquinol and risk of AMI.

We did not observe significant interactions between concen-
trations of the vitamin E isomers and the redox forms of CoQ10 in
relation to AMI risk (all P-interaction between summed tocoph-
erols or tocotrienols and ubiquinone or ubiquinone . 0.07).

Discussion

Few previous studies have evaluated plasma concentrations of d-
tocopherol, tocotrienols, ubiquinone, and ubiquinol in relation
to risk of incident AMI. The findings from our nested case-
control study of Singapore Chinese men and women suggest that
higher plasma concentrations of vitamin E and CoQ10 com-
pounds are not associated with a lower risk of incident AMI. In
contrast, higher plasma d-tocopherol concentrations were asso-
ciated with a higher risk of AMI.

We did not observe a clear dose-response relationship for d-
tocopherol concentrations in relation to risk of AMI, but there
was a similarly elevated risk for the upper 4 quintiles of d-
tocopherol compared with the lowest quintile. For a-tocopherol
concentrations, RR were also higher for the upper 4 quintiles
compared with the lowest quintile, but this association was not
significant. It is currently unclear why specifically d-tocopherol
may affect risk of AMI, because few mechanistic studies have
focused on this form of vitamin E. However, previous in vitro
(48) and in vivo (49) studies have observed that a-tocopherol has
the potential to have a prooxidant effect in a preexisting
environment with increased oxidative stress, e.g., related to
atherosclerosis and smoking. Increased oxidative stress has been
postulated to liberate transition-metal ions from cell metallo-

proteins in unstable plaques (49), which a-tocopherol may
interact with to exert prooxidant effects on lipoproteins (50).

a-Tocopherol is the predominant lipid-soluble antioxidant in
plasma and LDL and has been suggested to play a role in the
prevention of atherosclerosis via the inhibition of atherogenic
mechanisms such as LDL oxidation (macrophage mediated), IL-1b
release from monocytes, platelet adhesion and aggregation (thus
limiting progression of the fibrous plaque), and smooth muscle
proliferation (important in fibrous plaque formation) (51). How-
ever, almost all of these mechanisms have only been shown in in
vitro studies and it is thus unclear whether they act under in vivo
conditions. Consistent with our findings, a meta-analysis of 4
randomized controlled trials found that a-tocopherol supple-
ments did not significantly decrease risk of nonfatal AMI or
cardiovascular mortality [OR = 1.0 (95% CI: 0.94, 1.07)] (7).
Similarly, in later randomized trials, no significant effect of a-
tocopherol supplementation on the incidence of AMI was found
in the Women’s Health Study (52) or the Physicians’ Health
Study I (53) or II (10).

With regard to g-tocopherol concentrations, we did not
observe a substantial association with risk of AMI in our study.
In several cohort studies, higher dietary vitamin E intake, mainly
representing g-tocopherol, was associated with a lower risk of
coronary heart disease, but this inverse association was modest
and not significant in a pooled analysis of 9 cohort studies [RR =
0.84 (95% CI: 0.71, 1.00); P = 0.17] (12). In a nested case-
control study in the US, Evans et al. (11) did not observe
significant associations between serum g-tocopherol concentra-
tions in nonsmokers and risk of coronary heart disease deaths
[OR = 2.34 (95% CI: 0.56, 9.81] for highest vs. lowest quartile]
or nonfatal myocardial infarction [OR = 0.79 (95% CI: 0.14,
4.58)]. Hak et al. (53) reported a significant direct association
between plasma g-tocopherol concentrations and AMI [RR =
2.14 (95% CI: 1.18, 3.87) for the highest vs. lowest quartile; P-
trend = 0.01] in the U.S. Physicians Health Study. The authors
postulated that this direct association could be due to residual
confounding by elevated plasma lipids or higher trans-fat intake.

Reduced concentrations of CoQ10 in plasma and circulat-
ing LDL in patients with atherosclerosis and heart disease, as

TABLE 4 OR of AMI according to quintiles of plasma ubiquinol and ubiquinone in the SCHS1,2

Quintiles

Q1 Q2 Q3 Q4 Q5 P-trend

Ubiquinol, mmol/L

Cases:controls, n:n 46:94 36:104 47:93 47:93 57:82

Range 0.08–0.53 0.53–0.65 0.65–0.79 0.79–0.96 0.97–2.49

Median (IQR) 0.44 (0.35–0.50) 0.60 (0.56–0.62) 0.71 (0.68–0.75) 0.85 (0.83–0.91) 1.14 (1.04–1.25)

Model 1 OR (95% CI) 1.00 0.67 (0.38–1.17) 0.92 (0.53–1.59) 0.84 (0.48–1.46) 1.07 (0.59–1.92) 0.46

Model 2 OR (95% CI) 1.00 0.61 (0.33–1.13) 0.82 (0.44–1.52) 0.91 (0.49–1.69) 1.22 (0.62–2.40) 0.19

Ubiquinone, mmol/L

Cases:controls, n:n 38:102 44:97 47:92 47:94 57:81

Range 0.03–0.10 0.01–0.12 0.12–0.15 0.14–0.18 0.18–0.58

Median (IQR) 0.08 (0.06–0.09) 0.11 (0.10–0.12) 0.13 (0.13–0.14) 0.16 (0.15–0.17) 0.22 (0.20–0.26)

Model 1 OR (95% CI) 1.00 1.36 (0.77–2.40) 1.42 (0.78–2.56) 1.36 (0.74–2.49) 1.93 (1.08–3.44) 0.032

Model 2 OR (95% CI) 1.00 1.51 (0.81–2.82) 1.40 (0.72–2.71) 1.41 (0.72–2.79) 1.81 (0.95–3.43) 0.11

1 Model 1: Adjusted for age at blood collection (y), gender (M,F), dialect group (Hokkien, Cantonese), year of interview (1993–1995, 1996–1998), and year blood was drawn. In

addition, we adjusted for total cholesterol (mmol/L) and TG (mmol/L). AMI, acute myocardial infarction; SCHS, Singapore Chinese Health Study.
2Model 2: adjustment for variables in model 1, cigarette smoking (never smoker, former smoker, current smoker ,13, 13–22, $23 cigarettes/d), BMI (kg/m2), education (no

formal education, primary school and below, secondary school, above secondary school), moderate intensity physical activity (0, ,2, $2 h/wk), strenuous sports (0, ,2, $2

h/wk), strenuous work activity (0, ,2 h/wk,

$2 h/wk), alcohol consumption (g/d), plasma b-cryptoxanthin (mmol/L), plasma lutein (mmol/L), hypertension (yes, no), and diabetes (yes, no).
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observed in experimental studies (54,55), may result in a
reduced capacity of the antioxidant defense system (24).
Previous in vitro studies identified CoQ10 as the preferred
antioxidant consumed when LDL is exposed to various oxidants
(33,56). Our study did not support the findings of a randomized
trial by Singh et al. (30,31) that showed a protective effect of
CoQ10 supplements on risk of nonfatal AMI at 28 d of post-
AMI/unstable angina follow-up [RR = 0.37 (95%CI: 0.28,
0.77)] and 1 y of follow-up (RR = 0.54; P , 0.05).

Steinberg and Witztum (57) have suggested that dietary
antioxidants are more effective in inhibiting early stages of
atherogenesis such as fatty streak formation than in preventing
complications at more advanced stages of atherosclerosis such as
plaque instability and rupture. It cannot be excluded that higher
vitamin E or CoQ10 exposure earlier in life has a beneficial
effect on risk of AMI.

A strength of our study was the prospective study design with
collection of blood samples of participants before disease onset.
This reduces the likelihood of reverse causation, i.e., an effect of
AMI onset on biomarker concentrations. The use of biomarkers
of vitamin E and CoQ10 avoids errors related to reporting of
food consumption and incomplete food composition databases
that affect studies of questionnaire-based estimates of nutrient
intake. All incident AMI cases were verified based on the review
of medical records by a cardiologist using internationally
established diagnostic criteria. A limitation of our study was
the modest sample size reducing the statistical power to detect
modest effects. Furthermore, our study was based on the
measurement of plasma concentrations of vitamin E and
CoQ10 at a single point in time, which may not accurately
reflect long-term exposure. We recognize that plasma vitamin E
concentrations are imperfect measures of dietary intake, with
correlations being higher for g-tocopherol than for a-tocopherol
(58). We adjusted for potential confounding by multiple
cardiovascular disease risk factors. However, as is true for all
observational studies, we cannot rule out the possibility that
residual confounding influenced our findings.

In conclusion, our study examined the association of a wide
range of vitamin E and CoQ10 isomers in relation to risk of
incident AMI. We did not observe an inverse association
between plasma concentrations of isomers of vitamin E or
CoQ10 and risk of AMI in Singapore Chinese. In contrast, we
observed a significant direct association between plasma d-
tocopherol concentrations and risk of AMI that requires further
study. Our findings do not support a role of higher vitamin E or
CoQ10 intakes in the prevention of myocardial infarction.
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