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Abstract
Background—Vitamin E has been studied extensively in the prevention of atherosclerosis. Crosssectional population studies as well as randomized controlled intervention trials have demonstrated
conflicting results. A recent meta-analysis of these trials has emphasized the ineffectiveness of
vitamin E in atherosclerosis prevention with a possibility of harm at higher dosages. However,
vitamin E has several isomers, with the alpha form being available via dietary supplements and the
gamma form being available via dietary foodstuffs. The gamma form of vitamin E demonstrates
several superior properties (such as trapping reactive nitrogen species and detoxifying nitrogen
dioxide) compared with alpha vitamin E. All clinical trials have utilized the alpha isomer with little
concern that this isomer of vitamin E may actually suppress the gamma isomer of vitamin E.
Objective—We undertook a dose response study in type 2 diabetic volunteers to include all the
dosages of alpha vitamin E that have been utilized in cardiovascular prevention trials to determine
the effect of alpha vitamin E on gamma vitamin E. We also assessed the effect of alpha vitamin E
on several traditional markers of atherosclerotic risk. We added vitamin C to the vitamin E because
several clinical trials included this vitamin to enhance the antioxidant effects of alpha vitamin E.
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Design—Volunteers received, in randomized order for a two week period, one of the following
vitamin dosage arms: 1) no vitamins, 2) low dose supplemental vitamins E plus C, 3) medium dose
supplemental vitamins E plus C, and 4) high dose supplemental vitamins E plus C. Blood levels of
both alpha and gamma vitamin E were measured as well as surrogate markers of oxidative stress,
hypercoagulation, and inflammation during a high fat atherogenic meal (to increase the ambient
oxidative stress level during the study).
Results—The results demonstrate that alpha vitamin E levels increased in proportion to the dose
administered. However, at every dose of alpha vitamin E, gamma vitamin E concentration was
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significantly suppressed. No beneficial changes in surrogate markers of atherosclerosis were
observed, consistent with the negative results of prospective clinical trials utilizing alpha vitamin E.
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Conclusions—Our results suggest that all prospective cardiovascular clinical trials that utilized
vitamin E supplementation actually suppressed the beneficial antioxidant gamma isomer of vitamin
E. No beneficial effects on several potential cardiovascular risk factors were observed, even when
the vitamin E was supplemented with vitamin C. If a standardized preparation of gamma vitamin E
(without the alpha isomer) becomes available, the effects of gamma vitamin E on atherosclerotic risk
will warrant additional studies.
Keywords
atherosclerosis; oxidative stress; inflammation; hypercoagulation; antioxidant; alpha vitamin E;
gamma vitamin E; vitamin C; ascorbic acid

Introduction
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The antioxidant vitamin E has been a major subject of controversy in the prevention of
atherosclerosis. The initial basic science studies suggested that vitamin E had beneficial effects
on several different stages of the atherosclerotic process (1). Vitamin E not only has antioxidant
properties, but also non-antioxidant effects, including modulation of signal transduction
pathways (2). This was followed by observational, cross-sectional studies in patients with no
initial coronary artery disease, which also suggested that vitamin E supplementation lowered
the risk of major coronary heart disease (3–5). However, subsequent large randomized
controlled trials have shown that vitamin E supplementation had no clear benefit in the primary
or secondary prevention of cardiovascular disease, with some trials suggesting harmful effects
(6). The recently published Women’s Health Study found that 600 IU of vitamin E, given on
alternate days for 10 years, demonstrated no overall benefit in the prevention of major
cardiovascular events (7). The HOPE-TOO trial concluded that long-term vitamin E
supplementation (400 IU/day for 10 years) did not prevent cardiovascular events, and may
have actually increased the risk of heart failure (8,9).
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Of the clinical trials showing benefit, most of them studied patients with evidence of increased
oxidative stress, and in addition, gave vitamin C supplements with the vitamin E. Vitamin C,
a water soluble antioxidant, has been shown to regenerate vitamin E (a lipid soluble antioxidant)
(10,11). In patients with increased oxidative stress (i.e. patients with conditions such as diabetes
mellitus, end stage renal disease, coronary artery disease, and/or hypercholesterolemia),
vitamin C restores endothelium-dependent artery vasodilation, and may reverse endothelial
dysfunction in peripheral arteries (10–13). Three recent trials using high dosages of both
vitamins E and C together, in populations with high oxidative stress, have shown a delay of
coronary arteriosclerosis when compared to placebo (14–17). Supplementation of both
vitamins, in individuals with increased oxidative stress, may therefore be more effective than
either vitamin taken alone.
All of the above cited clinical trials utilized the alpha tocopherol isomer form of vitamin E
(alpha Vitamin E). This is the composition of vitamin E sold in over-the-counter supplements.
However, there has been growing interest in another isomer of vitamin E, specifically gamma
tocopherol (gamma vitamin E), which is believed to play a distinct and beneficial role in
atherosclerosis prevention (2). Several studies have suggested that alpha tocopherol
supplementation may decrease serum levels of gamma tocopherol in man (18,19). However,
no variable dose response studies of the effects of alpha tocopherol on gamma tocopherol have
been published so that the overall effects of alpha tocopherol are unknown. Since a wide range
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of alpha tocopherol dosages has been utilized in clinical trials, this information is critical to
evaluating the effects of vitamin E on atherosclerotic risk.
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In addition, surrogate markers of atherosclerosis provide a useful approach to understanding
the effects of an intervention on different components of the atherosclerotic process, including
oxidative stress, inflammation, and hypercoagulation. Therefore, It was the intent of this study
to examine the potential benefits of alpha tocopherol supplementation (plus Vitamin C), or
lack thereof, by administering different dosages of these vitamins to type 2 diabetic individuals
(a population with high oxidative surrogate markers of atherosclerosis.

Methods
Subjects
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The study enrolled 12 adult subjects with well-controlled, non-insulin requiring type 2 diabetes
of ≥6 months duration, being treated with diet plus a maximum of two oral diabetes
medications. Subjects were excluded if they had known cardiovascular, hepatic, or renal
disease, uncontrolled hypertension (>140/90 mm Hg), marked hyperlipidemia (serum LDL
>4.1 mmol/L or serum triglycerides > 7.8 mmol/L), a body mass index (BMI) greater than 40
kg/m2, or a hemoglobin A1C (HbA1C) >9%. Eligible patients had a C-peptide stimulation test
of at least 6 ng/mL following a Sustecal challenge, and normal hematological, electrolyte, and
hepatic laboratory results at screening. Other important exclusion criteria were cigarette
smoking, gastroparesis, recent use (within 3 months) of antioxidant vitamin supplements, use
of medications affecting coagulation and glucose homeostasis, pregnancy, and current
malignancy. The study protocol was approved by the University of New Mexico Human
Research Review Committee (HRRC) and all patients gave written informed consent prior to
study.
Study Protocol
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The study protocol was a randomized, crossover design. Assay technicians and the principal
investigator were blinded to the study arms of the volunteers. Studies were performed in
randomized sequence with vitamin E (RRR-α-tocopherol) and vitamin C supplementation.
Each subject participated in four separate, daylong inpatient studies at the University of New
Mexico General Clinical Research Center. Each study represented one of the four arms of the
overall study: no vitamins, low dose vitamins (alpha tocopherol = 200 IU, Vit C = 250 mg),
medium dose vitamins (alpha tocopherol = 400 IU, Vit C = 500 mg), and high dose vitamins
(alpha tocopherol = 800 IU, Vit C = 1000 mg), each dose given once daily. Participants’ usual
diabetes medications were withheld only during the inpatient study day. Vitamin
supplementation, determined by the arm of the study, was administered daily for 14 days prior
to each inpatient study. Participants were contacted three times per week by telephone to
encourage compliance with vitamin administration.
At the start of the study, an intravenous catheter was placed in an upper extremity, and
participants took the same vitamins, C and E, that they had taken for the two weeks prior to
the inpatient study. The patient was then fed a standardized American Diabetes Association
(ADA) composition recommended breakfast. After breakfast, participants were administered
a continuous intravenous infusion of regular insulin for the purpose of achieving relative
euglycemia. Upon achieving a blood glucose concentration between 80 mg/dl and 120 mg/dl,
the insulin was stopped, the catheter was removed, and a new catheter placed in the contralateral
arm. One hour later, the participant was fed an atherogenic high-fat test lunch equivalent to a
McDonald’s® Big Mac meal. The meal was prepared in the GCRC metabolic kitchen and
consisted of ground beef, American cheese, white hamburger bun, dill pickles, iceberg lettuce,
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regular thousand island dressing, onions, French fried potatoes (prepared in reheated 100%
vegetable oil), and an ice-cream shake.
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Study Measurements
To determine circulating response to the vitamin E supplementation, plasma vitamin E (both
alpha tocopherol and gamma tocopherol) was measured. Plasma levels of oxidized LDL (oxyLDL), malonydialdehyde (MDA), non-esterified fatty acids (NEFA) plus erythrocyte
intracellular glutathione peroxidase activity (GPx) were measured as surrogate markers of
atherosclerotic risk and oxidative stress. Plasma levels of C-reactive protein (CRP),
adiponectin, and interleukin-6 (IL-6) were assessed as surrogate markers of inflammation.
PAI-1 and fibrinogen activity were quantified as indices of hypercoagulation. Diabetes control
was assessed with levels of fasting blood glucose (FBS) and A1C. Total cholesterol and
triglycerides were measured for the purpose of calculating lipid-standardized vitamin E levels
(20).
Assays
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All blood samples were processed immediately and frozen at minus 70 degrees centigrade until
assay. Plasma alpha tocopherol and gamma tocopherol were measured with high performance
liquid chromatography by ARUP Laboratories (Salt Lake City, UT) (21). Plasma oxidized
LDL levels were assayed with a solid phase two-site ELISA kit from Mercodia (Uppsala,
Sweden) (22). Glutathione peroxidase (GPx) activity in erythrocytes was assessed with a kit
from Cayman Chemical (Ann Arbor, MI), which measured GPx activity through a coupled
redox reaction utilizing GPx and glutathione reductase (23, 24.) A gas chromatography-mass
spectrometry method was used to determine plasma free (unbound) MDA (25). Serum nonesterified fatty acids were measured with a kit from Wako Diagnostics (Richmond, VA) (26).
High sensitivity C-reactive protein (hsCRP) was determined by an immunoluminometric
method, from Diagnostic Products Corporation (Los Angeles, CA) (27). Adiponectin was
measured spectrophotometrically after being processed by a sandwich ELISA kit from LINCO
Research (St. Charles, MO) (28). Interleukin-6 (IL-6) was measured with a highly sensitive
quantitative sandwich ELISA technique and optical density measurements, with a kit from
R&D Systems (Minneapolis, MN) (29). Plasminogen activator inhibitor -1 (PAI-1) activity
was measured using a Chromolize™ bioimmunoassay from Trinity Biotech, Plc (Bray, Ireland)
(30). Fibrinogen levels were assessed with the clot-rate method (31). Plasma glucose was
determined with the ACE glucose assay from Alfa Wassermann Diagnostic Technologies, LLC
(West Caldwell, NJ) (32). Plasma C-peptide and plasma insulin were each measured with
chemiluminescent assays (Immunolite instruments) from Diagnostic Products Corporation
(Los Angeles, CA) (33,34). Plasma triglycerides and cholesterol were assayed colorimetrically
with ACE reagents from Alfa Wasserman, Inc. (West Caldwell, NJ) (35,36).
Statistical Methods
The primary outcome variables assessed were the changes in plasma levels of both alpha
tocopherol and gamma tocopherol. Secondary outcome variables were changes in plasma or
serum concentrations of surrogate markers of atherosclerosis. Lipid standardized tocopherol
levels were calculated as previously described (20). Tertiary variables were plasma levels of
glucose, insulin, C-peptide, triglycerides, and cholesterol. Data were analyzed using the NCSS
statistical program (NCSS, Kaysville, UT). Parameters were compared among the various
groups by ANOVA for repeated measures with post hoc Student’s t test for paired data where
appropriate. Significance was defined by an alpha of P<0.05. All data are reported as mean ±
SEM.
A power analysis utilizing the data from Handelman (37) indicated that a sample size of 8
subjects would achieve 86% power to detect a difference of −1.0 between the null hypothesis
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mean of 0.0 and the alternative hypothesis mean of 1.0 with an estimated standard deviation
of 0.8 and an alpha of 0.05 using a two-sided t-test.
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Results
Subject Characteristics
Six men and six women (6 Hispanic, 5 non-Hispanic whites, 1 Native-American) were studied.
Mean (± SEM) age, body mass index, and duration of diabetes were 53 ± 4 years, 29 ± 1 kg/
m2, and 9 ± 3 years, respectively. The subjects had a mean (± SEM) HbA1c of 6.2 ± 0.3% and
a mean fasting glucose of 111 ± 6 mg/dL. The mean (± SEM) fasting lipid profile of the subjects
consisted of a total cholesterol of 158 ± 9 mg/dL, LDL cholesterol of 77 ± 6 mg/dL, HDL
cholesterol of 45 ± 2 mg/dL, and triglycerides of 153 ± 20 mg/dL.
Plasma Levels of Vitamins E
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Pre-breakfast administration of vitamins (or no vitamins) showed a dose-dependent elevation
in baseline levels of lipid standardized alpha tocopherol, between the four different dosages
(study arms). This led to four distinct, statistically different curves (baseline plus test meal) for
the study arms (p<0.0001 for each compared to no vitamins) (Figure 1, left panel). In addition,
a dose-independent suppression in baseline and test meal gamma tocopherol levels was
observed when the low, medium, and high-dose alpha tocopherol arms were compared to the
no vitamin arm. This resulted in a no vitamin arm gamma tocopherol curve that was
significantly higher in comparison to the gamma tocopherol curves when alpha tocopherol was
administered (p<0.0001) (Figure 1, right panel).
Surrogate Markers of Atherosclerotic Risk and Oxidative Stress
The data showed similar baseline levels of each oxidative stress marker (oxy-LDL, glutathione
peroxidase activity, and MDA) (Figure 2) across all study arms (p>0.05 for all). Each marker
also had showed similar curves between each of its arms (p>0.05 for all) during the atherogenic
high fat meal.
Surrogate Markers of Inflammation
There were no significant differences seen in each of the baseline levels of CRP, adiponectin,
and IL-6 (Figure 3) during the various study conditions (p>0.05 for all). Additionally, the study
arm curves for each marker also failed to show any significant variation between each other
(p>0.05 for all).
Surrogate Markers of Hypercoagulation
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Baseline levels of PAI-1 and fibrinogen (Figure 4) were similar across all study arms (p>0.05).
PAI-1 levels displayed a significant test meal-induced fall in all study arms (p=0.0004),
representing a normal diurnal decline. For both PAI-1 and fibrinogen, the placebo and vitamin
arms showed similar baselines (p>0.05) and similar curves across time (p>0.05).
Other Markers
Mean baseline levels of glucose, C-peptide, and insulin (Figure 5) were similar for all study
conditions (P>0.05 for all). Each marker showed a statistically significant post meal elevation
(p<0.0001 for all). There were no statistically significant differences seen between the curves
of each study arm for each marker (p>0.05 for all).
For cholesterol and triglycerides, no significant differences were observed between mean
baseline levels (p>0.05) and the study arm curves (p>0.05) (data not shown).
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Discussion
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This study demonstrated that daily supplementation of alpha tocopherol plus vitamin C
significantly reduced the circulating concentration of gamma tocopherol. This suppression (by
approximately 50%) was observed at all three dosages (low, medium, and high) of alpha
tocopherol. These dosages included all of the dosages used in clinical trials that observed or
failed to observe a significant reduction in cardiovascular events (6). In addition, at all dosages,
alpha tocopherol supplementation failed to lower surrogate markers of atherosclerotic risk and
oxidative stress, inflammation, and hypercoagulation, in a well-controlled type 2 diabetic
population. This observation was made in spite of the fact that 1) the protocol used a high-risk
population with increased potential benefit from reduction of oxidative stress, 2) inclusion of
a high-fat meal which has been shown to enhance oxidative stress, 3) co-administration of
vitamin C with vitamin E in order to replenish the vitamin E antioxidative radical, and 4)
administration of both vitamins for 2 weeks prior to study. These vitamins were administered
for two weeks and also several hours prior to the test meal to increase their efficacy in reducing
inflammation and increasing fibrinolysis (38). The bioavailability of oral vitamin E is greatest
when administered with food (39) – which is why the vitamins were given with a small
breakfast (to ensure maximal absorption, and hence antioxidant capacity). We gave natural
RRR-αlpha-tocopherol, because it is twice as potent as the racemic synthetic alpha tocopherol
(40).
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At high concentrations, vitamin C functions as an antioxidant which protects lipids from
oxidative damage induced by aqueous peroxyl radicals (10,11). It also regenerates other
antioxidants, such as flavonoids and glutathione. It may reverse endothelial dysfunction in
peripheral arteries of individuals with high oxidative stress conditions, such as type 2 diabetes.
Combined administration of vitamins E and C produces antioxidant effects primarily through
the action of vitamin C elimination of the alpha-tocopherol radical. In vivo animal studies and
in vitro studies show vitamin C accomplishes this by exporting the radical away from a lipid
medium into an aqueous medium (41–42). The ability of vitamin C to preserve vitamin E in
individuals who smoke has recently been demonstrated (43).
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Type 2 diabetic individuals, when compared to healthy individuals, show greater oxidative
stress in response to a standardized meal (44). Hyperglycemia may increase free radical
production through mechanisms of lipoprotein glycation, glucose auto-oxidation, and polyol
pathway activation (44). These individuals also have greater postprandial increments in
triglyceride levels, when compared with a healthy population. This leads to a postprandial
lipidemia which causes increased oxidative stress and vascular dysfunction (45). In general,
populations with increased oxidative stress (e.g., smokers, patients with coronary heart disease,
ESRD, transplant recipients, etc.) have responded maximally to antioxidant vitamins (6,36,
46,47).
The high fat test meal, simulating a McDonald’s® Big Mac meal, was administered to enhance
the level of oxidative stress. Previous studies have shown that a single high fat meal transiently
impairs endothelial function for at least four hours in healthy subjects, and that oxidative stress
is likely the mechanism, because the administration of antioxidant vitamins E and C was able
improve flow-mediated vasodilation (48,49). Our high fat meal used reheated cooking oil
identical to that used in commercial fast food restaurants (50), which has been shown to
contribute to decreased arterial endothelial-dependent vasodilation (51).
Choices of surrogate markers for this study were based on their roles in the atherosclerotic
process. Oxidized LDL was measured because the oxidative conversion of LDL to oxy-LDL
is a key event in the development of the fatty streak, and oxy-LDL is more atherogenic than
its native form (52). The antioxidant enzyme glutathione peroxidase-1 has a central role in the
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preventing the development of reactive oxygen species, and low levels of this enzyme are
associated with increased risk of cardiovascular events (24). Our study measured glutathione
peroxidase activity, but it should be noted that glutathione is affected not only by glutathione
peroxidase activity but also glutathione peroxidase reductase activity as well as glutathione
synthase. Even though glutathione peroxidase activity was unchanged in our study, it is
possible that glutathione levels could have been reduced in patients with diabetes (53).
Additional studies will be required to determine the actual effects of alpha vitamin E and
vitamin C on glutathione. Malonyldialdehyde is a byproduct of lipid peroxidation in
atherosclerosis (25). Non-esterified fatty acids (FFA) increase insulin resistance and serve as
a substrate for hepatic triglyceride production (54). C reactive protein (CRP) has a proatherogenic role in vascular smooth muscle cells, monocyte-macrophages, and endothelial
cells, and elevated levels of CRP predict a greater risk of cardiovascular disease (55).
Adiponectin has been shown to increase fatty acid oxidation and glucose uptake, reduce fatty
acid synthesis, and reduce molecules involved in gluconeogenesis (56). Low adiponectin levels
are found in obese and diabetic individuals, and high levels are associated with lower
atherosclerotic risk of MI in men (57). The pro-inflammatory response involves the secretion
of the cytokine IL-6 from macrophages, which ultimately stimulates the secretion of CRP
(55). PAI-1 is a suppressor of fibrinolysis through the inhibition of tissue plasminogen activator
(tPA). Increased PAI-1 activity has been demonstrated in people with coronary artery disease,
and elevated PAI-1 is a strong risk factor for cardiovascular disease (58). Fibrinogen, which
is a product of the coagulation cascade, is also a risk factor for cardiovascular disease (31).
Our study’s observation that alpha tocopherol supplementation had no effect on surrogate
atherosclerotic markers is best explained by its most important finding: low, medium and high
doses of alpha tocopherol plus vitamin C suppressed circulating levels of gamma tocopherol
below those observed during the placebo arm of the study. Gamma tocopherol constitutes 70–
80% of the vitamin E in an average American diet. It is especially abundant in nuts, vegetable
oils, and plant seeds (59,60). Compared with alpha tocopherol, it has a much lower
concentration in the human body but much greater bioactivity.
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Recent studies have made strong arguments for the unique benefits of gamma tocopherol.
Saldeen et al (61) showed that both alpha and gamma tocopherol decreased platelet aggregation
and slowed arterial thrombus formation in rats. They also reduced LDL oxidation and lipid
peroxidation, superoxide generation, and increased superoxide dismutase activity. However,
in all of these effects, gamma tocopherol was significantly more potent than alpha tocopherol
(61). Also, gamma tocopherol and its metabolite have unique anti-inflammatory properties
(62) and detoxify reactive nitrogen oxide species in a matter superior to alpha tocopherol
(63). In regards to human in vivo studies, two recent case-control trials showed lower
concentrations of gamma tocopherol in subjects with coronary heart disease (CHD) when
compared to a healthy control group (64,65). One of these studies noted that these changes
were not seen with alpha tocopherol (64).
Large epidemiological studies have shown that vitamin E from food (which is mostly gamma
tocopherol) is inversely associated with the risk of death from CHD and stroke, while vitamin
E from supplements (mainly alpha tocopherol) showed no benefits (66,67). Both alpha and
gamma tocopherol compete for the hepatic alpha tocopherol transfer protein, which
preferentially binds to gamma tocopherol (68,69). The degree of binding to this protein
determines the biological activity of the vitamin E molecule (69). This may explain why alpha
tocopherol supplementation reduces gamma tocopherol levels (70). It is interesting that alpha
vitamin E, even at the lowest replacement dose, significantly suppressed gamma vitamin E.
This indicates that this suppression is very sensitive to low circulating levels of alpha vitamin
E. The finding that vitamin E and vitamin C supplements failed to worsen the indices of
oxidative stress and inflammation in spite of suppressing the circulating levels of gamma
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vitamin E may indicate that there may not be a major effect of a 50% decrease in gamma
tocopherol.
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A potential limitation of this study is that there was no washout scheduled between each change
in vitamin E dosage. A washout period was omitted because the entire study for any individual
required two months to complete, and we did not want to prolong the study for that individual
because of the potential change in diet and negative adherence might occur. Since each of the
treatment groups was randomized, this may have taken into account any problem with washout
that may have existed. In addition, an alternative interpretation to our results is that the lack of
effect on various biomarkers might result from the combined effects of increased alpha vitamin
E and decreased gamma vitamin E or to a compensatory effect of alpha vitamin E in the
presence of reduced concentrations of gamma vitamin E.
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Our study demonstrates that low, medium, and high dose alpha tocopherol plus vitamin C had
no effect on markers of atherosclerosis, when compared to placebo, in a high risk population.
This is best explained by the suppression of the powerful antioxidant gamma tocopherol via
alpha tocopherol supplementation. A recent study (71) demonstrates the superiority of gamma
vitamin E over alpha vitamin E in improving oxidative stress in patients with the metabolic
syndrome. No effect was observed when only alpha vitamin E was administered, whereas a
partial response was observed when both alpha and gamma vitamin E were given to the patients.
The maximal response was observed when only purified vitamin E was given. This is likely
to be one mechanism to explain the failure of several recent large clinical trials demonstrating
failure of vitamin E supplementation to improve cardiovascular outcomes (6–9). A recent
publication has indicated that high doses of vitamin C increases the vitamin E content of LDL
in type 2 diabetes (72). Our study does not directly address this possibility, although it may
have contributed to the suppression of gamma vitamin E following the increasing doses of
alpha vitamin E plus vitamin C in our protocol. Additional studies will be required to separate
out the separate effects of alpha vitamin E and vitamin C on the suppression of gamma vitamin
E. Because low dose alpha tocopherol is an ineffective antioxidant, and doses >400 IU/day
may increase all-cause mortality (6), we do not recommend the use of these supplements on a
daily basis.
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Figure 1. Vitamin Levels
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Lipid standardized plasma alpha vitamin E (A) and gamma vitamin E (B) excursions during
the no vitamin arm (black square), low dose vitamin arm (black circle), medium dose vitamin
arm (open triangle), and high dose vitamin arm (open diamond). All x-axis values (including
the −0.25 hr value) were obtained following breakfast and should be interpreted as relative to
the lunch meal. The range for the standard error of the mean (SEM) for lipid standardized alpha
vitamin E at all data points was: no vitamin arm= 2.7–3.3, low dose vitamin arm= 3.8–4.6,
medium dose vitamin arm= 6.0–7.3, and high dose vitamin arm= 5.7–7.2. The range for the
SEM for lipid standardized gamma vitamin E at all data points was: no vitamin arm= 0.9–1.1,
low dose vitamin arm= 0.2–0.5, medium dose vitamin arm= 0.2–0.3, and high dose vitamin
arm= 0.2–0.3. At all doses of vitamin E supplementation, gamma vitamin E was significantly
suppressed by alpha vitamin E, p<0.01.
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Figure 2. Cardiovascular Risk and Oxidative Stress Markers

Plasma oxidized LDL (A), erythrocyte glutathione peroxidase activity (B), and plasma MDA
(C) excursions during the no vitamin arm (black square), low dose vitamin arm (black circle),
medium dose vitamin arm (open triangle), and high dose vitamin arm (open diamond). The
range for the standard error of the mean (SEM) for oxidized LDL at all data points was: no
vitamin arm = 4.3–5.4, low dose vitamin arm = 4.1–5.1, medium dose vitamin arm = 4.5–5.9,
and high dose vitamin arm = 3.2–3.6. The range for the SEM for erythrocyte glutathione
peroxidase activity at all data points was: no vitamin arm = 10.4–12.6, low dose vitamin arm
= 8.5–12.3, medium dose vitamin arm = 10.0–12.1, and high dose vitamin arm = 9.3–12.9.
The range for the SEM for plasma MDA at all data points was: no vitamin arm = 0.026–0.112,
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low dose vitamin arm = 0.037–0.331, medium dose vitamin arm = 0.040–0.098, and high dose
vitamin arm = 0.032–0.166. For each of the markers of oxidative stress, no significant
difference was observed between the different dosages of vitamin E supplementation, p>0.05.
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Figure 3. Inflammation Markers

Plasma hsCRP (A), adiponectin (B), and hsIL-6 (C) excursions during the no vitamin arm
(black square), low dose vitamin arm (black circle), medium dose vitamin arm (open triangle),
and high dose vitamin arm (open diamond). The range for the standard error of the mean (SEM)
for hsCRP at all data points was: no vitamin arm = 0.13–0.14, low dose vitamin arm = 0.11–
0.13, medium dose vitamin arm = 0.10–0.11, and high dose vitamin arm = 0.14–0.17. The
range for the SEM for adiponectin at all data points was: no vitamin arm = 1.4–1.5, low dose
vitamin arm= 1.4–1.7, medium dose vitamin arm= 1.4–1.6, and high dose vitamin arm= 1.6–
1.8. The range for the SEM for hsIL-6 at all data points was: no vitamin arm = 0.4–0.8, low
dose vitamin arm = 0.3–0.4, medium dose vitamin arm = 0.2–0.6, and high dose vitamin arm
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= 0.2–0.5. For each of the markers of inflammation, no significant difference was observed
between the different dosages of vitamin E supplementation, p>0.05.
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Figure 4. Hypercoagulation Markers
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Plasma PAI-1 (A) and fibrinogen (B) excursions during the no vitamin arm (black square), low
dose vitamin arm (black circle), medium dose vitamin arm (open triangle), and high dose
vitamin arm (open diamond). The range for the standard error of the mean (SEM) for PAI-1
at all data points was: no vitamin arm = 2.2–5.3, low dose vitamin arm = 2.1–4.9, medium dose
vitamin arm = 2.7–5.7, and high dose vitamin arm = 2.7–4.3. The range for the SEM for
fibrinogen at all data points was: no vitamin arm= 19–24, low dose vitamin arm= 12–19,
medium dose vitamin arm = 13–19, and high dose vitamin arm = 18–24. For each of the markers
of hypercoagulation, no significant difference was observed between the different dosages of
vitamin E supplementation, p>0.05.
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Figure 5. Metabolic Markers

Plasma glucose (A), insulin (B), C-peptide (C), and NEFA (D) excursions during the no vitamin
arm (black square), low dose vitamin arm (black circle), medium dose vitamin arm (open
triangle), and high dose vitamin arm (open diamond). The range for the standard error of the
mean (SEM) for glucose at all data points was: no vitamin arm = 4–17, low dose vitamin arm
= 5–21, medium dose vitamin arm = 5–21, and high dose vitamin arm = 5–17. The range for
the SEM for insulin at all data points was: no vitamin arm = 8–26, low dose vitamin arm = 7–
40, medium dose vitamin arm = 6–43, and high dose vitamin arm = 5–40. The range for the
SEM for C-peptide at all data points was: no vitamin arm= 0.5–1.1, low dose vitamin arm=
0.5–1.2, medium dose vitamin arm= 0.6–1.1, and high dose vitamin arm= 0.5–1.0. The range
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for the SEM for NEFA at all data points was: no vitamin arm= 0.02–0.07, low dose vitamin
arm = 0.02–0.07, medium dose vitamin arm = 0.03–0.05, and high dose vitamin arm = 0.04–
0.06. Although there was no significant difference between the different dosages of vitamin E
supplementation and the metabolic markers (p>0.05), the metabolic effects of the high fat are
evident.
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