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Abstract

Vitamin E is a lipophilic antioxidant that has been inversely associated with certain chronic diseases; however, the biological processes regulated by this
vitamin have not been fully elucidated. The objective of the present study was to examine the association between the most biologically active and abundant
form of vitamin E in the circulation, α-tocopherol, and the plasma proteome. Subjects were from the Toronto Nutrigenomics and Health Study and included men
and women (n=1,022) who completed a general health and lifestyle questionnaire and 196-item food frequency questionnaire, and provided a fasting blood
sample. Plasma α-tocopherol concentrations were measured by high-performance liquid chromatography and 54 plasma proteins were assayed by a mass
spectrometry-based multiple reaction monitoring method. Analysis of covariance was used to compare mean concentrations of plasma proteins across tertiles of
α-tocopherol. Plasma concentrations of apolipoprotein C-III, fibrinogen alpha, beta, and gamma chains, fibronectin and fibrinopeptide A were significantly and
positively associated with plasma α-tocopherol, while intermediate levels of α-tocopherol were significantly associated with higher levels of alpha-1B-
glycoprotein (all Pb.0009). These findings show that circulating levels of α-tocopherol are significantly associated with specific plasma proteins and suggest
novel physiological effects of vitamin E.
© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Recent developments in plasma proteomics has opened its use to
absolute measurements of concentrations of numerous proteins in
large samples, which may allow for identification of novel bio-
markers, mechanisms of pathogenesis and targets for disease
intervention [1–3]. Oxidative stress and inflammation have been
implicated in a number of chronic diseases and dietary antioxidants
may play an important role in reducing disease risk or progression in
the general population [4].

Alpha-tocopherol is a dietary antioxidant and one of the eight
compounds of the vitamin E family. While γ-tocopherol is the most
abundant form of vitamin E in the diet, α-tocopherol is found in the
highest concentration in the circulation due to selective incorporation
into very low density lipoproteins (VLDL) in the liver by the
α-tocopherol transfer protein [5]. Vitamin E is a chain-breaking
antioxidant important in the protection of lipid membranes and
plasma lipoproteins [6]. Anti-inflammatory properties of vitamin E
have been attributed to its ability to inhibit 5-lipoxygenase and
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subsequent synthesis of inflammatory prostaglandins [7], and reduce
the production of inflammatory cytokines [8]. Observational studies
have shown that circulating levels of α-tocopherol are inversely
associated with chronic diseases such as cardiovascular disease (CVD)
[9] and diabetes [10]. However, many vitamin E supplementation
trials have shown no benefit, with some meta-analyses reporting
potential adverse effects of vitamin E supplementation [11]. Several
limitations of previous studies have been proposed to explain these
discrepancies between observational and clinical studies. Improved
understanding of the role of vitamin E in physiological processes may
help clarify the relationship between vitamin E and chronic disease.
The objective of the present study was to assess the relationship
between plasma α-tocopherol and a proteomic panel of plasma
proteins in an ethnically diverse population of young adults.
Investigation of plasma proteins that become dysregulated in disease
states could potentially help identify the role of vitamin E in disease
development and progression and help explain the contradictory
findings in the studies noted above.

2. Methods and materials

2.1. Study design

The Toronto Nutrigenomics and Health Study is an ethnoculturally diverse
population of men (n=520) and women (n=1,117) ages 20–29 years, recruited
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from the University of Toronto campus. All subjects completed a general health and
lifestyle questionnaire, which collected information on subject characteristics
including age, sex, medical history, smoking status and ethnocultural group. Subjects
were classified into four ethnocultural groups based on their responses: Caucasian, East
Asian, South Asian, and Other (all other ethnocultural groups and those reporting more
than one ethnocultural groups). Information on physical activity was collected by
questionnaire and included the total hours spent in light, moderate, and vigorous
physical activity on a typical weekday and weekend day over the past month.
Metabolic equivalent task hours per week were then calculated to express modifiable
activity. One metabolic equivalent task (MET) hour is equal to 1 kcal expended per kg
body weight per hour sitting at rest [12]. Information on habitual dietary intake over
the past month was collected using a semi-quantitative food frequency questionnaire
that was modified from the Willett questionnaire and included questions on
supplement use [13]. Heart rate, systolic and diastolic blood pressure were measured
at rest, twice one minute apart, using the OMRON IntelliSense Blood Pressure Monitor
(Model HEM-907XL, OMRON Healthcare, Vernon Hills, IL, USA). The means of all
measurements taken in duplicate or triplicate were recorded. The study was approved
by the Research Ethics Board at the University of Toronto. All subjects provided written,
informed consent.

2.2. Biochemical measurements

Subjects provided a blood sample after an overnight fast. Blood samples were
collected and analyzed for biomarkers of cardiometabolic disease at LifeLabs
Table 1
Subject characteristics by tertiles of plasma α-tocopherol

Total
population

Plasm

Tertile

n=1,022 n=34

Age, years 22.7±2.5 22.4±
Sex
Male 302 (30) 104 (3
Female 720 (70) 236 (6

Ethnocultural group
Caucasian 483 (47) 141 (4
East Asian 359 (35) 136 (4
South Asian 105 (10) 37 (11
Other 75 (7) 26 (8)

Physical activity, MET-hours/week 7.7±3.1 7.3±3
Body mass index, kg/m2 22.7±3.5 22.5±
Waist circumference, cm 73.8±8.9 73.1±
Systolic blood pressure, mm Hg 113.7±11.3 113.4±
Diastolic blood pressure, mm Hg 69.0±8.0 69.0±
Oral contraceptive use (among women)
No 497 (69) 178 (7
Yes 223 (31) 58 (25

Season of blood draw
Spring 277 (27) 115 (3
Summer 280 (27) 71 (21
Autumn 273 (27) 104 (3
Winter 192 (19) 50 (15

HOMA-IR 1.4±0.9 1.4±1
HOMA-β 109.7±72.2 106.7±
Total serum cholesterol, mmol/L 4.2±0.8 4.0±0
Serum HDL cholesterol, mmol/L 1.6±0.4 1.5±0
Serum LDL cholesterol, mmol/L 2.2±0.6 2.1±0
Triglycerides, mmol/L 1.0±0.5 0.8±0
Serum ascorbic acid, μmol/L 30.4±17.2 29.5±
Plasma α-tocopherol, μmol/L 30.0±11.8 18.7±
Energy, calories/day 1952±631 1946±
Alcohol, g/day 5.0±8.4 4.2±6
Fibre intake, g/day 23.5±11.8 22.8±
Dietary α-tocopherol, mg/day
Including supplements 12.2±11.5 11.0±
Excluding supplements 8.4±4.4 8.1±4

Dietary vitamin E adequacy§

Less than RDA 169 (17) 276 (8
Meets RDA 853 (83) 64 (19

Multivitamin or vitamin E supplement use
No 648 (63) 265 (7
Yes 374 (37) 75 (22

All values are mean±standard deviation or n (%).
Means with different superscript letters are significantly different from one another (Pb.05) a
⁎ P value calculated from χ2 analysis for categorical variables and ANOVA for normalized c
§ The current RDA for vitamin E is 15 mg/day α-tocopherol for males and females ≥14 ye
Laboratories (Toronto, ON, Canada). Serum ascorbic acid was measured using high-
performance liquid chromatography (HPLC) as described in detail elsewhere [13]. The
homeostasis model of insulin resistance (HOMA-IR) and beta-cell function (HOMA-β)
was calculated frommeasures of insulin (μU/mL) and glucose (mmol/L). HOMA-IR was
calculated using the formula insulin × glucose/22.5 and HOMA-β was calculated using
the formula 20×insulin/(glucose−3.5).

Aliquots of plasma from sodium heparin- and EDTA-treated blood samples were
shipped from LifeLabs to the University of Toronto (Toronto, ON, Canada) and stored at
−80°C. A reversed-phase isocratic HPLC method with fluorescence detection was used
to measure plasma concentrations ofα-tocopherol and is described in detail elsewhere
[14]. Proteomic analysis was conducted at the Genome British Columbia Proteomics
Centre at the University of Victoria (Victoria, BC, Canada). Frozen plasma samples were
shipped for mass spectrometry-based multiple reactionmonitoring (MRM) proteomics
analysis to measure 57 common plasma proteins linked to chronic disease. Details of
this method are described in detail elsewhere [1]. Of the 57 proteins measured, 3 were
excluded from subsequent analyses because they had a coefficient of variability greater
than 20% as previously described [15].

2.3. Statistical Analyses

Statistical analyses were performed using SAS, version 9.2 (SAS Institute, Inc., Cary,
North Carolina). A total of 1637 subjects completed the study, with 1126 samples being
available for proteomic analysis at the time it was conducted. Subjects were excluded if
they reported being a current smoker (n=2) due to the potentially confounding effects
a α-tocopherol P value ⁎

1 Tertile 2 Tertile 3

0 n=341 n=341

2.4a 22.7±2.3ab 22.9±2.6b .04

1) 98 (29) 100 (29) .9
9) 243 (71) 241 (71)

1) 170 (50) 172 (50) .1
0) 106 (31) 117 (34)
) 35 (10) 33 (10)

30 (9) 19 (6)
.0 7.8±3.1 7.9±3.2 .06
3.4 23.1±3.8 22.7±3.3 .1
9.0 74.3±8.8 74.0±9.0 .2
11.0 113.7±11.0 114.0±11.9 .8

7.8 68.3±7.7 69.5±8.5 .2

5) 172 (71) 147 (61) .002
) 71 (29) 94 (39)

4) 89 (26) 73 (21) b.0001
) 85 (25) 124 (36)
1) 95 (28) 74 (22)
) 72 (21) 70 (21)
.0 1.5±0.9 1.4±0.8 .07
73.4 114.2±75.1 108.3±68.0 .2

.7a 4.2±0.6b 4.6±0.8c b.0001

.4a 1.6±0.4ab 1.6±0.4b .0001

.6a 2.2±0.6a 2.4±0.7b b.0001

.3a 0.9±0.4b 1.1±0.7c b.0001
18.0a 28.3±16.3a 33.4±17.0b b.0001
4.3a 28.3±2.4b 42.8±9.8c b.0001
609 1923±638 1987±646 .4
.5 5.3±8.6 5.6±9.8 .9
11.0 23.2±11.7 24.4±12.5 .3

11.2a 11.3±8.1a 14.3±14.1b b.0001
.0a 8.2±4.3a 9.0±4.8b .01

1) 262 (77) 227 (67) b.0001
) 79 (23) 114 (33)

8) 234 (69) 208 (61) b.0001
) 107 (31) 133 (39)

fter Tukey-Kramer adjustment.
ontinuous variables.
ars of age.



Table 2
Mean plasma protein concentration by tertiles of plasma α-tocopherol

Plasma proteins, μmol/L Plasma α-tocopherol P value

Tertile 1 Tertile 2 Tertile 3

Apolipoprotein C-III 2.12±0.04a 2.37±0.04b 2.69±0.05b b.0001
Fibrinogen alpha chain 11.05±0.32a 12.47±0.33b 12.79±0.36b b.0001
Fibrinogen beta chain 8.78±0.21a 9.92±0.22b 10.14±0.24b b.0001
Fibrinogen gamma chain 8.75±0.23a 9.93±0.24b 10.04±0.26b b.0001
Fibronectin 0.51±0.06a 0.64±0.05b 0.73±0.07c b.0001
Fibrinopeptide A 6.58±0.16a 7.33±0.17b 7.42±0.16b b.0001
Alpha-1B-glycoprotein 1.57±0.03a 1.75±0.03b 1.66±0.03a .0002
Complement C3 18.88±0.23 20.46±0.29 19.62±0.26 .001
Alpha-1-anti-trypsin 10.58±0.14 11.47±0.18 11.22±0.16 .002
Alpha-2-HS-glycoprotein 8.67±0.11 9.07±0.13 8.65±0.10 .002
Gelsolin, isoform 1 1.19±0.02 1.26±0.02 1.18±0.02 .002
Transferrin 12.07±0.15 12.96±0.20 12.53±0.15 .004
Complement C9 2.63±0.05 2.84±0.05 2.63±0.04 .005
Plasminogen 1.18±0.01 1.26±0.02 1.26±0.02 .01
Alpha-2-antiplasmin 1.87±0.02 1.97±0.03 1.90±0.02 .02
Inter-alpha-trypsin

inhibitor HC
0.62±0.01 0.63±0.01 0.61±0.01 .02

Retinol-binding protein 0.86±0.01 0.93±0.02 0.98±0.02 .02
Complement factor H 0.57±0.01 0.62±0.01 0.61±0.01 .03
Clusterin 1.47±0.02 1.55±0.02 1.54±0.02 .03
Hemopexin 9.90±0.11 10.38±0.13 10.07±0.12 .03
Zinc-alpha-2-glycoprotein 0.99±0.02 1.07±0.02 1.07±0.02 .04
Complement factor B 1.41±0.02 1.50±0.02 1.44±0.02 .04
Heparin cofactor II 0.68±0.01 0.71±0.01 0.70±0.01 .04
Alpha-2-macroglobulin 5.83±0.09 6.01±0.10 5.75±0.09 .07
Albumin 947.92±7.91 970.46±9.03 950.05±7.89 .07
Antithrombin-III 3.53±0.03 3.60±0.04 3.53±0.03 .07
Complement C4

gamma chain
1.58±0.03 1.61±0.03 1.55±0.03 .08

Alpha-1-antichymotrypsin 3.28±0.04 3.46±0.05 3.36±0.04 .09
Apolipoprotein A-I 41.92±0.48 44.17±0.60 44.95±0.56 .1
Afamin 0.25±0.003 0.26±0.004 0.26±0.004 .2
Alpha-1-acid

glycoprotein 1
1.68±0.03 1.82±0.04 1.77±0.04 .2

Apolipoprotein
A-II precursor

24.02±0.28 25.42±0.34 26.04±0.32 .2

Apolipoprotein A-IV 1.39±0.02 1.46±0.02 1.42±0.03 .2
Apolipoprotein B-100 0.73±0.01 0.80±0.01 0.87±0.01 .2
Apolipoprotein C-I 3.02±0.04 3.24±0.05 3.39±0.05 .2
Complement C1 inactivator 4.62±0.06 4.73±0.07 4.67±0.07 .2
Ceruloplasmin 2.21±0.05 2.41±0.06 2.38±0.06 .2
Vitamin D binding protein 2.73±0.04 2.89±0.04 2.90±0.04 .2
Complement C4 beta chain 1.41±0.03 1.48±0.03 1.44±0.03 .3
Haptoglobin beta chain 10.40±0.29 11.14±0.32 10.38±0.30 .3
Transthyretin 5.58±0.07 5.77±0.07 5.79±0.07 .3
Vitronectin 3.59±0.04 3.78±0.06 3.81±0.05 .3
Apolipoprotein D 0.34±0.005 0.35±0.005 0.34±0.005 .4
L-Selectin 0.07±0.001 0.07±0.001 0.07±0.001 .4
Prothrombin 0.56±0.01 0.58±0.01 0.59±0.01 .4
Apolipoprotein L1 0.40±0.01 0.43±0.01 0.42±0.01 .5
Beta-2-glycoprotein I 2.72±0.03 2.81±0.04 2.80±0.04 .5
Serum amyloid

P-component
0.43±0.01 0.45±0.01 0.46±0.01 .5

Apolipoprotein E 0.49±0.01 0.49±0.01 0.52±0.01 .6
Kininogen-1 2.07±0.03 2.18±0.03 2.24±0.03 .6
Coagulation factor XIIa HC 0.25±0.01 0.27±0.01 0.28±0.01 .7
Histidine-rich glycoprotein 1.33±0.02 1.32±0.02 1.28±0.02 .8
Adiponectin 0.06±0.001 0.07±0.002 0.07±0.002 .9
Angiotensinogen 0.90±0.04 0.98±0.04 1.05±0.04 .9

Data presented are crude plasma protein means±standard errors.
HC, heavy chain; HS, Heremans–Schmid.
†P-value from ANCOVA with log or square-root transformed plasma protein
concentrations where necessary, adjusted for sex, ethnocultural group, season of
blood draw, oral contraceptive use among women, waist circumference, total serum
cholesterol and serum ascorbic acid. P values that are bolded and italicized meet the
Bonferroni significance level of .0009 for 54 comparisons.
Means with different superscript letters are significantly different from one another
(Pb.05) after Tukey-Kramer adjustment.
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on circulating α-tocopherol concentrations [16]. Subjects who may have over- (N3,500
kcal/day for women, N4,000 kcal/day for men) or under-reported (b800 kcal/day) their
energy intake were excluded from the analysis (n=7). Subjects with incomplete data
for plasma α-tocopherol (n=37), serum ascorbic acid (n=50), or any protein from the
proteomics panel (n=8) were also excluded from the analysis. A total of 1022 subjects
were available for analysis after the above exclusions.

Continuous variables were log or square-root transformed to improve normality
where necessary. Plasma α-tocopherol was categorized into tertiles. chi-Square
analysis and analysis of variance (ANOVA) was used to examine subject
characteristics by tertiles of plasma α-tocopherol for categorical and continuous
variables, respectively. All P values less than .05 were considered significant. Means
compared between tertiles were adjusted for multiple comparisons using the Tukey–
Kramer procedure.

Analysis of covariance (ANCOVA) was used to compare mean plasma protein
concentrations by tertiles of plasma α-tocopherol. Several covariates were considered;
however, only those that were significant in most models or materially altered the
results were retained. The final model included adjustments for sex, ethnocultural
group, season of blood draw, oral contraceptive use among women, waist circumfer-
ence, serum ascorbic acid, and total cholesterol. Significance was set at .0009, applying
a Bonferroni adjustment to take into account the 54 tests performed. Subsequent
comparisons of means between tertiles were adjusted for multiple comparisons using
the Tukey-Kramer procedure.

3. Results

Plasma α-tocopherol values were categorized into tertiles with cut
points of b24.234 μmol/L for tertile 1, 24.234–32.250 μmol/L for tertile
2, and N32.250 μmol/L for tertile 3. Meanα-tocopherol concentrations
were 18.7, 28.3 and 42.8 μmol/L for tertiles 1, 2 and 3, respectively
(Pb.0001, Table 1). Season of blood draw, dietary vitamin E adequacy
[meeting recommended dietary allowance (RDA)], multivitamin and
vitamin E supplement use, and oral contraceptive use among women
were significantly associated with plasma α-tocopherol. Mean age
and serum HDL cholesterol were significantly higher in tertile 3
compared to tertile 1, while mean serum LDL cholesterol, and serum
ascorbic acid were significantly higher in tertile 3 compared to tertile
1 and 2. Total serum cholesterol and triglycerides were significantly
different among all tertiles of α-tocopherol, with the highest
concentrations in tertile 3 and the lowest in tertile 1. Mean dietary
vitamin E intakes (with and without supplements) were significantly
higher in tertile 3 compared to tertiles 1 and 2.

Significant differences (Pb.0009) in mean protein concentrations
among tertiles ofα-tocopherol were identified for 7 of the 54 proteins
examined in models adjusted for sex, ethnocultural group, season of
blood draw, oral contraceptive use among women, waist circumfer-
ence, serum ascorbic acid, and total cholesterol (Table 2). These
findings remained statistically significant (Pb.0009) in models
additionally adjusted for dietary vitamin E adequacy, vitamin E intake
(with and without supplements), supplement use (multivitamin and
vitamin E), and age (data not shown). Mean protein concentrations in
the lowest tertile of α-tocopherol were significantly lower than
tertiles 2 and 3 for apolipoprotein C-III, fibrinogen alpha, beta, and
gamma chains, and fibrinopeptide A after Tukey-Kramer adjustment
for multiple comparisons. Mean plasma concentration of fibronectin
was significantly different among all the tertiles of α-tocopherol and
was highest in tertile 3 and lowest in tertile 1. Mean alpha-1B-
glycoprotein concentration forα-tocopherol tertile 2was significantly
higher than tertile 1 and tertile 3.

4. Discussion

Vitamin E is an essential nutrient with important antioxidant and
anti-inflammatory properties and plays a role in cell signalling and
gene expression [8]. This vitamin may have roles in additional
biological pathways not yet identified. In the present investigation,
we compared circulating levels of α-tocopherol to a number of
plasma proteins in order to identify biological pathways that might be
regulated by this vitamin. Using a mass-spectrometry based MRM
proteomics assay, the concentrations of 54 plasma proteins involved
in various physiological processes were measured simultaneously.
Plasma levels of α-tocopherol were significantly associated with
seven of the plasma proteins, five of which are involved in coagulation
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and hemostasis including fibrinogen alpha, beta, and gamma chains,
fibronectin and fibrinopeptide A.

Fibrinogen is a positive acute phase protein that plays a critical
role in coagulation and hemostasis. The protein is made up of three
pairs of polypeptide chains (Aα, Bβ and γ) linked by disulfide bridges
[17]. Thrombin cleaves the Aα and Bβ chains producing fibrinopep-
tide A and B, respectively. The remaining monomer polymerizes to
form fibrin, leading to clot formation. During this process, the
adhesive glycoprotein fibronectin is covalently bound to fibrin by
the action of factor XIIIa [18]. In addition to being a precursor to fibrin,
fibrinogen also plays an important role in coagulation by linking
activated platelets in the process of platelet aggregation, and it also
contributes to blood viscosity [19,20].

A meta-analysis of long-term prospective studies published before
1998 found subjects in the top tertile of fibrinogen levels to be at
significantly increased risk of coronary heart disease (CHD) compared
to those in the bottom third [21]. A second meta-analysis of
prospective, cross-sectional and case–control studies confirmed a
higher risk of cardiovascular events for subjects in the highest
compared to the lowest tertile of fibrinogen [22]. However, it is not
clear from these studies whether fibrinogen, as a critical component
of thrombus formation, is contributing to CVD risk, or if, as an acute
phase protein, it is reflecting inflammation associated with CVD risk
[20,23].

In the present study, mean circulating levels of the fibrinogens
were significantly lower in the lowest tertile of α-tocopherol
compared to tertiles 2 and 3. This was unexpected because of the
inhibitory effect on platelet aggregation, protective effect on CVD, and
the anti-inflammatory properties ascribed toα-tocopherol [8,24], and
the role of fibrinogen in coagulation and inflammation. In one study,
supplementation with increasing doses of α-tocopherol over 9 weeks
among 12 subjects with CHD and 12 controls resulted in significantly
lower levels of plasma fibrinogen compared to baseline levels at
supplementation [25]. However, the reduction in fibrinogens was
only noted among patients and not controls [25]. In contrast, no
association between dietary vitamin E intake and fibrinogen levels
was found in over 5,000 subjects from the Multi-Ethnic Study of
Atherosclerosis [26]. In addition to fibrinogen alpha, beta and gamma
chains, other markers of the coagulation pathway, including fibro-
nectin and fibrinopeptide A, showed associations in a similar
direction with tertiles of α-tocopherol in this study.

Levels of fibronectin were significantly lower in α-tocopherol
tertile 1 compared to tertiles 2 and 3, and significantly lower in tertile
2 compared to 3. In addition to coagulation, fibronectin can form a
complex with macrophages which leads to increased release of
inflammatory cytokines such as interleukin-1 [27]. Although less
consistent than the association observed with fibrinogen, some
studies also suggest a positive association between fibronectin levels
and CVD [28]. Fibronectin also plays an important role in the
extracellular matrix. Interestingly, α-tocopherol has been shown to
increase expression of connective tissue growth factor in vascular
smooth muscle cell lines [29], which may stimulate the production of
extracellular matrix components including fibronectin [30]. It re-
mains unknown, however, what impact circulating α-tocopherol has
on plasma levels of fibronectin in vivo.

Fibrinopeptide A levels were also significantly lower in the first
tertile of α-tocopherol compared to tertiles 2 and 3. Although
fibrinopeptide A does not directly participate in clot formation, it is
used as a marker of thrombin-mediated conversion of fibrinogen to
fibrin. One study reported a positive association between levels of
fibrinopeptide A and the carbonyl content of plasma proteins, a
marker of protein oxidation [31]. However, subsequent selection of a
subset of the study population to receive 600 mg α-tocopherol-
acetate daily for 18 days did not alter protein carbonyl content,
fibrinopeptide A, or fibrinogens, even though α-tocopherol levels
were significantly increased [31]. Alpha-tocopherol has also been
shown to attenuate thrombin generation by oxidized LDL [32];
therefore, it is unclear why fibrinopeptide A levels were highest
among the higher tertiles of α-tocopherol.

Apolipoprotein C-III (apo C-III) is a marker of triglyceride
metabolism found in circulating triglyceride-rich particles such as
chylomicrons and VLDL, as well as HDL. Apo C-III inhibits lipoprotein
lipase hydrolysis of triglyceride-rich particles [33,34], preventing
their uptake and contributing to the development of hypertriglycer-
idemia [35]. Apo C-III has been linked to the development of
atherosclerosis through stimulation of monocyte adhesion to endo-
thelial cells and endothelial dysfunction [36]. Several studies have
linked higher levels of apo C-III to CVD risk [37]. In one study, higher
apo C-III levels were also associated with an increased propensity for
thrombin generation in coronary artery disease patients [38]. In the
present study, circulating levels of apo C-III were significantly lower
in the lowest tertile of α-tocopherol compared to tertiles 2 and 3. As
both apo C-III and α-tocopherol circulate in the plasma associated
with lipoproteins, the observed association was not surprising;
however, it remained significant after adjustment for total serum
cholesterol. In support of our findings, a previous study has identified
a single nucleotide polymorphism (SNP) in the APOC3 gene to be
associated with levels ofα-tocopherol in a group of Caucasian women
[39]. A subsequent genome wide association study and meta-analysis
also identified a SNP in a region near APOC3, A1, A4, and A5 to be
associated with circulating levels of α-tocopherol [40]. Adjustments
were also made for total cholesterol in each of these studies [39,40].

In the present study, circulating levels of alpha-1B-glycoprotein
were significantly higher in tertile 2 compared to tertiles 1 and 3.
The function of alpha-1B-glycoprotein is unclear, although the
protein is believed to be a member of the immunoglobulin family
[41]. Several proteomic analyses have associated this protein with
cancer, including pancreatic [42], bladder [43], liver [44], endome-
trial and cervical cancer [45]. Lower levels of this protein have also
been found in the cerebral spinal fluid of patients with Alzheimer's
disease [46]. Although the specific role of this protein is unknown,
our results suggest α-tocopherol levels are associated with levels of
alpha-1B-glycoprotein.

In the present study, a positive association was noted between
α-tocopherol and several markers of coagulation as well as apo C-III,
most of which have been positively associated with CVD. This is
in contrast to the inverse association between circulating levels
α-tocopherol and CVD noted in observational studies, although not all
studies have found such an association [9]. Furthermore, α-tocoph-
erol has been shown to inhibit platelet aggregation, but this has been
attributed to inhibition of protein kinase C [47] with additional anti-
coagulant effects that may involve interactions with vitamin K [48].
No measures of blood coagulation or platelet aggregation were taken
in the present study, and therefore, it is unclear whether the higher
levels of coagulation factors in the upper tertiles of vitamin E have any
functional consequences. In addition, the cross-sectional nature of
this study prevents us from drawing any conclusions of a causal effect
of vitamin E on the concentrations of these proteins. We cannot rule
out the possibility of residual confounding, despite testing a wide
range of potential covariates. Circulating levels of α-tocopherol and
plasma proteins may be confounded by other factors not adjusted for
here. The population used consists of generally healthy adults
between the ages of 20–29 years. The benefit of using such a
population is that it reduces the likelihood of confounding by
prevalent chronic disease. However, we cannot rule out the possibility
of additional confounding by differences in subject characteristics not
measured and accounted for here. In addition, these associations may
not exist in other age groups and the findings should thus be
replicated in additional populations. Furthermore, only single
measurements of α-tocopherol and plasma proteins were taken at
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one time point and may not be truly reflective of long term status or
disease risk. Additional research, including prospective and experi-
mental studies, will be required to validate these findings and identify
potential mechanisms.

This is the first study, to our knowledge, to examine the
association between plasma α-tocopherol and a large proteomic
panel of plasma proteins involved in several physiological pathways.
Plasma levels of α-tocopherol were significantly associated with
several of these proteins suggesting potential roles for vitamin E in
these pathways. These findings contribute to our knowledge of
vitamin E in the regulation of physiological processes and generate
hypotheses to be tested in future experiments.
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