
ABSTRACT
Background: Vitamin E supplementation has been proposed as
adjunctive therapy to counteract the increased LDL oxidation in
diabetes and thus prevent or delay cardiovascular complications.
Objective: The objective of this study was to investigate the
effect of a moderate pharmacologic dose of vitamin E for ≤ 1 y
in patients with type 1 diabetes.
Design: The study was double blind and the subjects were ran-
domly assigned to 2 groups: the supplemented group (group S;
n = 22) received 250 IU (168 mg) RRR-�-tocopherol 3 times/d
for 1 y and the placebo group (group P; n = 22) received a
placebo for 6 mo followed by 250 IU (168 mg) RRR-�-tocoph-
erol 3 times/d for an additional 6 mo.
Results: Serum vitamin E doubled after 3 mo of supplementa-
tion, from a mean (± SD) of 36.9 ± 10.9 to 66.4 ± 18.3 �mol/L
(P < 0.0005). Although lipid profiles, glycated hemoglobin, and
blood biochemistry values did not change significantly, copper-
induced in vitro peroxidizability of LDL and VLDL decreased
after 3 mo of supplementation: the production of thiobarbituric
acid–reactive substances decreased by 30–60% (P < 0.005) and
the lag time for the appearance of fluorescent products increased
from 107 ± 25 to 123 ± 30 min in group S (P = 0.002 compared
with group P). Vitamin E supplementation for an additional
3–9 mo resulted in no further changes in serum vitamin E and
lipoprotein peroxidizability. Values returned to baseline after
supplementation ended.
Conclusions: Because the improvement in lipoprotein peroxi-
dizability is saturable and reversible, life-long supplementation
with vitamin E should be considered in patients with type 1 dia-
betes. Am J Clin Nutr 2000;72:1142–9.
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INTRODUCTION

In diabetic patients, the risk of atherosclerosis is 3- to 4-fold
higher than in nondiabetic persons and cardiovascular disease is
the major cause of premature death (1). This is partly explained
by a clustering of risk factors such as hypertension and dyslipi-
demia in this patient group and by the direct consequences of
hyperglycemia and glycation (2–4), which favor the oxidation

and modification of LDL particles and thus accelerate the devel-
opment of atherosclerosis (5). The process of peroxidation of
polyunsaturated fatty acids in lipoproteins can be inhibited by
vitamin E when given either in vitro or in vivo (6–8). Indeed,
evidence from clinical trials and epidemiologic studies suggests
that vitamin E supplementation is associated with a reduced risk
of cardiovascular disease (9–11).

Although plasma or tissue vitamin E concentrations are not
always low in diabetic patients (12–15), vitamin E supplements
might help counteract the heightened oxidative conditions
observed in diabetes and thus serve as an adjunctive therapeutic
agent for the prevention and even treatment of the cardiovascu-
lar complications associated with diabetes (16). In patients with
type 2 diabetes, vitamin E supplementation led to a decrease in
the susceptibility of LDL to in vitro peroxidation (17, 18) and to
a decrease of in vivo peroxidation products in young (mean age:
12 y) patients with type 1 diabetes (19).

However, several aspects of vitamin E supplementation in
diabetic patients should be assessed critically. First, vitamin E
supplementation in the different human studies reviewed
below ranged from 10 to 100 times the recommended dietary
allowance (20) of 10 mg �-tocopherol equivalents (15 IU) and
thus do not distinguish between nutritional repletion and phar-
macologic effects. Second, careful evaluation is needed of the
nonantioxidative effects of vitamin E supplementation, such as
a lowering of blood triacylglycerols (19, 21, 22), a decrease in
glycation (21–23), an improvement in insulin action (24), an
inhibition of platelet adhesion (25) and activation (15, 26–28),
and, in diabetic rats, an improvement in vascular reactivity (29).
Third, in most of these studies, supplements were given for
< 3 mo; therefore, long-term effects have been less well studied.
Fourth, the patient characteristics varied widely in the different
studies, especially regarding metabolic control. A consensus on
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the correct selection of high-risk patients who could eventually
derive more benefit from such supplements is difficult to obtain
from such data. Last, the possible risks of vitamin E supple-
mentation should be considered, especially long-term supple-
mentation in patients with a chronic disease.

Although vitamin E is not mutagenic, carcinogenic, or terato-
genic, and human studies showed that oral supplementation—even
at doses as high as 3200 IU (3 g) all-rac-�-tocopherol/d—
resulted in no adverse effects (30–32), these studies were con-
ducted in healthy humans or animals. The effects of long-term
vitamin E supplementation in patients with impaired platelet,
coagulation, lipid, and antioxidant statuses or taking medication
regularly, as diabetic patients often do, need further investigation
(33). Because of this lack of consensus on the risk-benefit bal-
ance of vitamin E supplementation, we investigated the effect on
cardiovascular risk markers of pharmacologic but moderate
dosages [750 IU (503 mg) RRR-�-tocopherol/d] for ≤ 1 y to well-
controlled, patients with type 1 diabetes.

SUBJECTS AND METHODS

Patient population and study design

Forty-four middle-aged, metabolically well-controlled patients
with type 1 diabetes with initial cardiovascular risk factors such
as lipidemia and blood pressure within accepted limits were
randomly assigned to 2 groups in a double-blind manner.
Patient characteristics at baseline are shown in Table 1. Exclu-
sion criteria were intake of drugs that interfere with the oxidant-
antioxidant status and signs on a standard electromyogram of
axonal involvement or demyelinization. Group S received
250 IU (168 mg) RRR-�-tocopherol 3 times/d with meals for
1 y. Group P received a placebo (280 mg soybean oil containing
0.25 mg tocopherol per capsule and identical in taste and

appearance to the vitamin E capsules) for the first 6 mo and then
250 IU (168 mg) RRR-�-tocopherol 3 times/d for an additional
6 mo. Patients were monitored at baseline (visit 1, n = 22 in
each group); after 3 mo (visit 2, n = 22 in each group), 6 mo
(visit 3, n = 21 in each group), 9 (visit 4, n = 20 in each group),
and 12 mo (visit 5, n = 19 in group S and 20 in group P) mo of
supplementation; and 3 mo after vitamin E supplementation
ended (visit 6, n = 18 in group S and 14 in group P).

All patients were consuming a standard diet for diabetic
patients that provided 7.5–8.5 MJ/d (50% of energy as car-
bohydrates, 20% as protein, and 30% as fat). This diet
ensures a daily intake of ≥ 3 mg vitamin E, 3000 mg vitamin A,
150 mg vitamin C, and 26 mg flavonoids. The experimental
protocol was in accord with the Helsinki Declaration and was
approved by the ethical committee of Antwerp University
Hospital, Belgium. Participating subjects signed an approved
consent form.

Analytic methods

Routine blood tests (blood count, urea nitrogen, creatinine,
uric acid, glucose, liver enzymes, protein, albumin, total and
HDL cholesterol, triacylglycerols, sodium, potassium, calcium,
parathyroid hormone, iron, total-iron-binding capacity, biliru-
bin, C-reactive protein, and alkaline phosphatase) were ana-
lyzed in the routine laboratory of Antwerp University Hospital.
Total analytic variability, expressed as the CV, was 2%, 1.9%,
and 0.9% for total cholesterol, HDL cholesterol, and triacyl-
glycerol, respectively. LDL cholesterol was calculated accord-
ing to the Friedewald equation (34). Glycated hemoglobin (Hb
A1c) was measured by using an HPLC cation exchange column
(Modular Diabetic Monitoring System; Bio-Rad, Richmond,
CA); the CV was 1.5%. Oxidant-antioxidant balance was evalu-
ated by measuring the concentrations of individual antioxidants
and the susceptibility of lipoproteins to oxidative attack in vitro
(ie, peroxidizability).

Vitamins E and A in serum were measured by HPLC (Shi-
madzu, Kyoto, Japan) with a reversed-phase C18 column (Bio-
Rad Laboratories, Hercules, CA) with 100% methanol mobile
phase and detection at 292 and 325 nm, respectively, with CVs
of 10% and 13%, respectively (35). Glutathione in whole blood
was measured by using a colorimetric method with a CV of 7%
(36). Glutathione peroxidase activity in the hemolysate was
measured with a commercial kit (Randox Laboratories Ltd,
Crumlin, United Kingdom) with a CV of 6%. The susceptibility
of LDL and VLDL to copper-catalyzed oxidation was measured
by isolating these 2 groups of lipoproteins by dextran
sulfate–magnesium chloride precipitation and incubation of a
suspension containing 200 mg cholesterol/L with 46 �mol
CuSO4/L for ≤ 180 min at 37 �C, during which samples were
taken every 30 min for the measurement of thiobarbituric
acid–reactive substances (TBARS). Fluorescence at 360-nm
excitation and 430-nm emission wavelengths was monitored
continuously. We distinguished 3 phases in this process: lag
time, during which the antioxidants within the lipoprotein pre-
vent the peroxidation from proceeding as a chain reaction (0–60
min); early initiation (60–90 min) and propagation, during which
the reaction causes a linear increase in TBARS and fluorescence
production (120–150 min); and saturation (180 min), during
which fluorescence reaches a plateau and gives an estimate of
the total amount of lipid oxidized (37). The CVs of these vari-
ables ranged from 3% to 11%.
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TABLE 1
Patient characteristics at baseline1

Group S Group P
Characteristic (n = 22) (n = 22)

Age (y) 42 (26–54)2 40 (23–65)
Sex (male/female) 13/9 15/7
Duration of diabetes (y) 16 ± 10 16 ± 7
Insulin dose (U/d) 45 ± 13 47 ± 15
Smoker (yes/no) 6/16 5/17
BMI (kg/m2) 24.0 ± 3.3 24.3 ± 3.2
Blood pressure (mm Hg)

Systolic 130 (104–160) 131 (104–159)
Diastolic 78 (65–95) 80 (66–100)

Glycated hemoglobin 0.08 ± 0.012 0.079 ± 0.01
Fasting glycemia (mmol/L) 10.2 ± 4.9 7.6 ± 4.3
Serum vitamin E (µmol/L) 36.9 ± 10.9 33.9 ± 10.9
Serum triacylglycerol (mmol/L) 0.99 ± 0.46 0.92 ± 0.36
Serum total cholesterol (mmol/L) 5.33 ± 1.06 5.30 ± 1.01
Serum HDL cholesterol (mmol/L) 1.63 ± 0.54 1.60 ± 0.49
Serum LDL cholesterol (mmol/L) 3.26 ± 0.98 3.28 ± 0.93
Lipoprotein(a) (mg/L) 1.22 (1.06–10.6) 1.21 (0.83–16.2)

1 Group S received vitamin E for 12 mo; group P received placebo for
6 mo followed by vitamin E for an additional 6 mo. There were no significant
differences between the 2 groups, indicating satisfactory randomization.

2 Median; range in parentheses for nonnormally distributed data.
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Statistical methods

Data were analyzed by using SPSS software (SPSS Inc,
Chicago). Although there were no significant differences
between groups in sex or smoking habits by chi-square test, in all
variables tested by analysis of variance, and in age, duration of
diabetes, and body mass index (BMI; in kg/m2) by the Mann-
Whitney U test, the results of comparisons of the effects of vita-
min E with those of placebo were adjusted for the covariates age,
duration of diabetes, and BMI and for the factors sex and smok-
ing habit. The effect of vitamin E supplementation for 3–6 mo on
the various variables was studied by repeated-measures analysis
of variance in 2 ways: 1) a between-group comparison between
groups S and P in the first 6 mo of the study, and 2) a within-
group comparison of the effect of placebo (first 6 mo) and that
of vitamin E (from 6 to 12 mo) in group P. Within-group com-
parisons of the effect of vitamin E supplementation for 9–12 mo
in group S and of the effect of discontinuation of vitamin E sup-
plementation for 3 mo in groups S and P were also conducted.

The P values given below refer to the significance of either the
change over time (analyzed by repeated contrasts) within one
group since the previous visit or to the between-group effect of
vitamin E supplementation compared with that of placebo on
changes over a given period of time. P values < 0.05 were con-
sidered significant. Results are presented as means ± SDs unless
noted otherwise.

RESULTS

Randomization at baseline resulted in 2 groups of patients with
clinical characteristics that were not significantly different from
each other (Table 1). Initial serum vitamin E concentrations were
not related to lipid concentrations (correlation with total choles-
terol: r = 0.26, P = 0.10; n = 42), BMI, insulin dose, glycemic
control (fasting glycemia, daily insulin dose, and Hb A1c) or to the
other biochemical and clinical variables investigated.

In group S, serum vitamin E concentrations increased from
36.9 ± 10.9 �mol/L at baseline to 66.4 ± 18.3 �mol/L after 3 mo
(P < 0.0005 for the within-group and between-group comparisons)
(Figure 1A). After 6, 9, and 12 mo of continuous vitamin E sup-
plementation, serum vitamin E concentrations did not increase
further (60.8 ± 19.0, 62.0 ± 25.8, and 66.2 ± 22.3 �mol/L, respec-
tively). This suggests that the transport capacity of vitamin E in
serum was already saturated after 3 mo of supplementation. In
group P, serum vitamin E remained stable during the first 6 mo of
the study; however, 3 mo after vitamin E supplementation began,
serum vitamin E concentrations doubled (P < 0.0005 compared
with the first 6 mo of the study) and then remained stable during
the remaining period of supplementation (months 9–12). Serum
vitamin E concentrations returned to baseline values in both
groups 3 mo after vitamin E supplementation ended (Figure 1A).

During the study there were no significant changes in routine
blood biochemistry values, red blood cell antioxidants (glu-
tathione and glutathione peroxidase), or lipid profiles—total,
HDL, and LDL cholesterol; lipoprotein(a) [Lp(a)]; and triacyl-
glycerols (Figure 1, B and C)—in either of the 2 groups. Like-
wise, there were no significant time trends for Hb A1c (Figure
1D), BMI, insulin dose, or blood pressure and no significant dif-
ferences between groups.

In both groups, in vitro peroxidizability of LDL and VLDL
decreased significantly during vitamin E supplementation but
not during placebo administration. This improvement in perox-

idizability was indicated by a 20% prolongation in the lag time
for the appearance of fluorescent products of peroxidation in
group S (from 107 ± 25 min at baseline to 123 ± 30 min after
3 mo; Figure 1E) and by a decrease in the production of
TBARS of 30–60% from baseline during the initiation and
early propagation phases (90–150 min after incubation with
copper) (Figure 1F and Figure 2). For example, 120 min after
incubation with copper, TBARS from group S decreased from
58.1 ± 21.4 nmol MDA/mg non-HDL cholesterol at baseline to
43.1 ± 22.4 and 40.3 ± 23.9 nmol MDA/mg non-HDL choles-
terol after 3 and 6 mo, respectively. In group P, these values
were 52.2 ± 20.6, 58.6 ± 16.7, and 56.0 ± 18.7 nmol MDA/mg
non-HDL cholesterol at baseline and after 3 and 6 mo, respec-
tively (P = 0.001 compared with the change over time in group S).
In group P, TBARS concentrations after 120 min of incubation
with copper decreased to 35.7 ± 16.8 and 36.8 ± 16.5 nmol
MDA/mg non-HDL cholesterol after supplementation for 3 and
6 mo, respectively (P < 0.0005 for the comparison of the change
in group P between the first and last 6 mo of the study). This
decrease in peroxidizability was already significant after 3 mo
of vitamin E supplementation (in the within-group comparison:
P < 0.0005 for both groups S and P). Supplementation for an
additional 3 mo in both groups or for a total of 12 mo in group
S resulted in no further significant changes. Thus, it seems that
peroxidizability was maintained at this lower level during
long-term supplementation. As seen for serum vitamin E, lipid
peroxidizability variables returned to baseline values after sup-
plementation ended (Figures 1 and 2).

The factors affecting peroxidizability at baseline were ana-
lyzed by stepwise multiple regression. Only serum cholesterol
affected peroxidizability significantly (r = 0.43, F = 7.7,
P = 0.009), accounting for 18% of the variability in TBARS pro-
duction after 120 min of incubation with copper. This variable
did not correlate with serum vitamin E concentrations (r = 0.14,
P = 0.37; n = 44). After 3 mo of supplementation, the decrease
in TBARS production after 120 min of incubation with copper
correlated with the increase in serum vitamin E (r = –0.43,
P = 0.005; n = 41) but this relation disappeared after 6–12 mo of
supplementation (r = –0.22, P = 0.196; n = 38 after 6 mo).

Likewise, there was no correlation between fluorescence lag
time at baseline and serum vitamin E, even when standardized
for LDL cholesterol (r = –0.19, P = 0.23; n = 40), or between
the extent of prolongation of the lag time of fluorescence and
the increase in serum vitamin E after supplementation. These
relations were not affected significantly by the smoking habits
of the patient.

In 10 of the 42 patients (4 in group P and 6 in group S; NS),
the production of TBARS during in vitro lipoprotein oxidation
did not decrease after 3 mo of vitamin E supplementation. These
nonresponders were characterized by having significantly lower
TBARS concentrations (P < 0.01 for TBARS at 30–120 min) and
a tendency for lower Lp(a) concentrations at baseline (median:
1.21 mg/L; minimum: 0.83 mg/L; maximum: 632 mg/L) than
were the responders (1.81, 1.06, and 16.20 mg/L; P = 0.08 by
Mann-Whitney U test) as well as lower cholesterol (NS) and
higher triacylglycerol (NS) concentrations. There were no signi-
ficant differences in Hb A1c, BMI, or insulin dose between the
2 groups. The proportion of smokers was not significantly dif-
ferent between the 2 groups.

Although there was no significant difference in initial serum
vitamin E concentrations between groups, even when standardized
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for LDL cholesterol, the increase in serum vitamin E was lower
in the nonresponders than in the responders (25.3 ± 15.2 com-
pared with 42.6 ± 29.4 �mol/L; P = 0.04), suggesting either
worse compliance in this group or less transport capacity
because of their lower cholesterol concentrations. However, only
7% of the women compared with 33% of the men were nonre-
sponders (�2 = 3.78, P = 0.052); therefore, when the effects of
sex and serum cholesterol were corrected for, these differences
in the 2 response groups were no longer significant. Even when
the multivariate analysis accounted for all of the lipid variables
together [cholesterol, ln Lp(a), triacylglycerols, and LDL cho-
lesterol], there were still no significant differences between the
2 response groups (Hotelling’s F = 1.62, P = 0.19). Thus, in this
particular group of patients, no given variable or combination of

variables, except for higher initial lipoprotein peroxidizability,
could predict the subsequent response to vitamin E.

DISCUSSION

Oral supplementation with moderate amounts of vitamin E
(750 IU/d for ≤ 1 y) resulted in an increase in serum �-tocopherol
concentrations, which reached a steady state of only 2–4 times
the presupplementation concentrations. This same steady state
was reached in other studies in which higher doses, even 100
times the recommended daily allowance (38), were given. This
may have been due to the limited capacity of the hepatic binding
protein responsible for the preferential secretion of RRR-�-tocoph-
erol into the nascent VLDL (39). Moreover, the turnover and
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FIGURE 1. Mean (± SEM) changes in serum vitamin E, serum LDL cholesterol, serum triacylglycerols, serum glycated hemoglobin (Hb A1c), lag
time of fluorescence, and production of thiobarbituric acid–reactive substances (TBARS) 90 min after incubation with copper in the group receiving
vitamin E [750 IU (503 mg) RRR-�-tocopherol/d] for 1 y (group S; solid line) and in the group receiving placebo for the first 6 mo and then vitamin
E for the following 6 mo (group P; dashed line). After 12 mo, both groups stopped taking vitamin E for 3 mo and variables were then monitored for
the last time (15 mo after the start of the study). *,**Significantly different from other group: *P < 0.01, **P < 0.0005. §,§§Significant change since the
previous visit in group S: §P < 0.01, §§P < 0.0005. #,##Significant change since the previous visit in group P: #P < 0.01, P < 0.0005.
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exchange between plasma and liver and between the various
lipoproteins is very quick: 6–9 h after an oral dose of vitamin E,
the concentration of �-tocopherol is the same in all lipoproteins
(38). Concentrations in plasma are also highly dependent on
transport capacity, ie, on cholesterol and triacylglycerol concen-
trations (40). In our group of patients, none of whom had
extreme dyslipidemia or abnormally low serum vitamin E con-
centrations, there was no correlation between serum vitamin E
and lipids. Despite a doubling of serum vitamin E during the
study, lipid concentrations remained stable, as was also observed
by Fuller et al (22). In healthy adults, lipids also remained
unchanged or even increased slightly (30, 32). These observa-
tions contrast with the findings of one study in which lower
dosages (100 IU/d, or �67 mg �-tocopherol equivalents) of vita-
min E were given to children with type 1 diabetes (19). In that
study, a doubling of serum vitamin E was accompanied by a
significant decrease in serum triacylglycerol (19). In contrast
with the results of a pediatric study (21) and one by Ceriello et
al (23), and in concordance with the results of Fuller et al (22),
Hb A1c was not affected significantly by vitamin E supplementa-
tion in our group of relatively well-controlled diabetic patients

(initial Hb A1c: �0.08). These differences in response may have
been due to the different ages of the study populations (�40 y in
our study and 12 y in the pediatric study) and to the pathologi-
cally high initial triacylglycerol concentrations (2.9 mmol/L)
and Hb A1c values (0.13) in the pediatric patients. These con-
flicting outcomes on the effects of vitamin E on metabolic con-
trol stress the importance of initial status on the subsequent
response; those with greater lipidemia and glycation (21, 23) are
more likely to improve after an intervention.

Although the concentration of vitamin E in plasma does not
reflect the concentration in tissues, passage into tissues is
ensured by several different compensatory mechanisms (41);
therefore, we assume that the concentrations reached in tissues
during supplementation were normal to high, depending on the
type of tissue. Nevertheless, plasma concentrations measured
3 mo after supplementation ended returned to baseline values.
This reversal had already occurred 8–12 d after supplementation
ended in 2 other studies (42, 43), confirming the rapid turnover
of plasma tocopherol and of its compensatory mobilization from
the tissues to the plasma in humans. In dogs fed a vitamin E–
deficient diet, the time necessary for half of the adipose tissue

FIGURE 2. Time course of production of thiobarbituric acid–reactive substances (TBARS) during in vitro incubation of LDL and VLDL lipopro-
teins with copper in the group receiving vitamin E [750 IU (503 mg) RRR-�-tocopherol/d] for 1 y (group S; panel A) and in the group receiving placebo
for the first 6 mo and then vitamin E for an additional 6 mo (group P; panel B). §,§§Significant change since the previous visit in group S: §P < 0.01,
§§P < 0.0005. #,##Significant change since the previous visit in group P: #P < 0.01, ##P < 0.0005.
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tocopherol to be depleted was 100 d (38). In type 1 diabetes par-
ticularly, exogenous insulin might, by stimulating lipoprotein
lipase, promote passage of vitamin E from the lipoproteins to the
membranes. This can also lead to an increase in turnover and
thus tend to decrease concentrations in plasma, as seen during
intravenous infusion of insulin (44). All of these observations
suggest that to maintain high-normal vitamin E concentrations in
both plasma and tissues, uninterrupted supplementation is
preferable to short-duration “cures” with high-dose supplemen-
tation or intravenous loading.

The analysis of the factors affecting lipoprotein peroxidizabil-
ity at baseline confirms other reports of the lack of correlation
between lipoprotein peroxidizability and vitamin E concentra-
tions (45, 46). In fact, lipoprotein peroxidizability is strongly
modulated by other factors, such as particle density (47), glycation
(18, 48), autoxidative glycation (49), content in polyunsaturated
fatty acids (50–52), lipid hydroperoxides (53), and concentra-
tions of other antioxidants, such as ubiquinol-10 (52, 54, 55). In
vivo, factors in the microenvironment around the LDL particle—
notably vitamin C in plasma (56) and bilirubin (57)—smoking
(58), and ketosis (59) also influence the peroxidation process. In
view of the strong role played by these other factors, some
authors have even argued against the involvement of vitamin E
as an antioxidant in LDL challenged with copper (60) or empha-
sized the importance of the oxidative conditions on its prooxi-
dant or antioxidant activity (53, 61).

Nevertheless, in the present study, the time course of changes
during the vitamin E supplementation or placebo period showed
unequivocally that vitamin E supplementation resulted in a
decrease in lipoprotein peroxidizability (a decrease of �50% in
TBARS production and a prolongation of �20% for the lag time
of fluorescent products) and that, after 3 mo, the decrease in
TBARS production was related to the increase in serum vitamin E.
Similar decreases were seen after 1600 mg vitamin E/d in patients
with type 2 diabetes (7) and after 500, 1000, or 1500 IU/d in
healthy volunteers (62). The minimum dosage needed to reduce
susceptibility of LDL to oxidation was 400 IU/d in healthy sub-
jects (63). Epidemiologic studies have pinpointed a minimum
daily intake of 100 IU for protection against coronary disease in
healthy women (11). This suggests that the reduction in lipopro-
tein peroxidizability observed in our study after a daily intake of
750 IU (503 mg) is clinically relevant. It must be stressed, how-
ever, that the capacity of an antioxidant to inhibit lipid peroxida-
tion induced in vitro and measured by techniques (TBARS and
fluorescence measurements in this study) that reflect only a
given stage in the peroxidation cascade is no absolute measure of
its in vivo antiatherogenic potency.

The antiperoxidative effect of vitamin E supplementation was
not related to the initial serum concentrations of vitamin E or
lipids. Thus, the benefit was not derived from a replenishment of
possibly deficient stores and was pharmacologic rather than
nutritional. Moreover, the benefit was not proportional to the
dose accumulated during months 3–12 of the study; the decrease
in peroxidizability reached a steady state after just 3 mo of sup-
plementation, as was also observed for serum vitamin E concen-
trations. This indicates the saturability of its effect, the strong
modulation by other factors, or both. Furthermore, the beneficial
effects of vitamin E on lipoprotein peroxidizability were not per-
manent because they disappeared after supplementation ended.
These observations invite a discussion on the need for mainte-
nance supplementation and on the minimum effective dose.

Studies in healthy subjects indicate that, despite substantial
interindividual variability, chronic administration of vitamin E at
different dosages (�400–1500 mg/d) causes the same increase in
plasma tocopherol concentrations (�80%) (43) and, in parallel,
the same reduction in LDL peroxidizability (62, 63). In diabetic
patients, the dose needed for the same end result might be higher.
This observation is supported by the following considerations.
First, it is recommended that diabetic patients consume low-fat
diets, which are known to diminish intestinal absorption, liver
secretion of vitamin E in VLDL, or both (43). Second, insulin-
induced transport of vitamin E from plasma to tissue membranes
(44) tends to decrease concentrations of vitamin E in lipopro-
teins. Last, high doses of vitamin E might be required to coun-
teract the heightened oxidative conditions due to hyperglycemia
and the derangement of other factors (mentioned above), which
also play a role in lipoprotein peroxidation.

Another aspect concerns the selection of patients most likely
to benefit from such lifelong and expensive supplements. Our
results corroborate the belief that the effect of vitamin E supple-
mentation is pharmacologic and was not a correction of an initial
impairment or nutritional deficiency. No given variable or com-
bination of variables could predict the subsequent response to
vitamin E, except for higher initial lipoprotein oxidizability.

In summary, vitamin E supplementation decreased lipoprotein
susceptibility to in vitro oxidation by copper but had no effect on
other cardiovascular risk factors, such as lipid profiles, glyca-
tion, and glycemic control. This decrease in peroxidizability was
limited in extent and to the period of supplementation, reversed
after supplementation ended, and could not be predicted by ini-
tial patient characteristics. Therefore, continuous supplementa-
tion at a minimum effective dose and cosupplementation with
modulatory factors such as vitamin C and ubiquinol-10 should
be considered carefully.

We are grateful to the patients who participated in the study; to I Fiers,
S Schrans, P Aerts, and M Vinckx for their skillful technical assistance; and
to L Nonnemans and the nursing staff of the Antwerp University Hospital.
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