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The Diabetes Control and Complica-
tions Trial (DCCT) has convincingly
shown that complications of diabetes

can be delayed and reduced by maintain-
ing tight glycemic control (1). Over the last
decade, there has been a significant inter-
est in oxidative stress and its role in the
development of complications in diabetic
patients (2,3). Various studies have docu-
mented elevated blood levels of markers of
oxidative stress in diabetic patients, part i c-
ularly in patients with poor glycemic con-
t rol (2,3). The increase in the level of
oxidative stress in newly diagnosed dia-
betic children and those with no compli-
cations (4–7), as well as in vitro studies
(8–10), suggest that the elevated levels of
oxidative stress associated with diabetes
may not be due to the complications.
Oxidative stress could originate from a
variety of mechanisms, such as excessive
oxygen radical production from the auto-
oxidation of glucose (11), glycated pro-
teins (12), stimulation of cytochro m e
P450–like activity by excessive NADPH
p roduced by glucose metabolism (8) and
f rom the ketone body acetoacetate (13),
and glycation of antioxidative enzymes,
which limits their capacity to detoxify oxy-
gen radicals (2,3).

It is not yet clear whether oxidative
s t ress plays any role in the development of
complications in diabetic patients. To
e x p l o re this question, re s e a rchers have
d e t e rmined the effect of antioxidant sup-
plementation on oxidative stress and
markers of complications in a diabetic ani-
mal model. In diabetic animals, many
studies demonstrate a reduction in oxida-
tive stress and complications after antioxi-
dant supplementation (14–20). These
studies provide support for the use of
antioxidant supplementation in re d u c i n g
the level of oxidative stress and slowing or
p reventing the development of complica-
tions associated with diabetes. However, in
diabetic patients, studies on the effect of
vitamin E supplementation are limited to
examination of blood levels of biochemical
markers of oxidative stress and other risk
factors, such as glycosylation of pro t e i n s ,

as assessed by the glycated hemoglobin
and lipid levels, and oxidative susceptibil-
ity ex vivo of LDL (21–29). The results of
these studies are not conclusive. Vitamin E
supplementation of diabetic patients has
been shown to decrease (22–24) or have
no effect on (25,26) blood glycated hemo-
globin, to reduce (22–24,27) or have no
e ffect on (25) triglyceride levels, and to
lower levels of lipid peroxides (28) and
t h ro m b o x a n e - B2 (28,29) and the oxida-
tive susceptibility ex vivo of LDL (25,26).

In this issue of Diabetes Care, Dr.
Bursell and colleagues (30) have for the
first time determined the effect of vitamin
E supplementation on a biophysical
parameter in vivo, i.e., retinal blood flo w
and renal hyperfiltration in type 1 diabetic
patients. These investigators took advan-
tage of tools used to measure retinal blood
flow to assess a change in the hemody-
namic function as the end point to 
d e t e rmine the efficacy of vitamin E sup-
plementation in diabetic patients. The
results of this study show that high-dose
(1,800 IU/day) vitamin E treatment for a
s h o rt duration of 4 months norm a l i z e s
retinal blood flow and renal hyperfil t r a-
tion in type 1 diabetic patients who had
,10 years of diabetes and no or minimal
diabetic retinopathy and/or micro a l b u-
minuria. The improvement in the re t i n a l
blood flow could be due to better blood
rheology and modification in endothelial
cell function associated with the effect of
vitamin E on activation of protein kinase
C isoforms (14). This study lacks data on
the blood level of lipid peroxidation pro d-
ucts or other markers of oxidative stre s s
(30). Such data would have provided a
mechanistic link between re p o rted blood
flow improvement and the potential
reduction in the oxidative stress level after
vitamin E supplementation of diabetic
patients. Nevertheless, this study has
clearly demonstrated that vitamin E sup-
plementation can normalize the blood
flow in diabetes. Such physiological nor-
malization in the early stages of diabetes
could ameliorate the risk for development
of retinal or renal complications.

The most important question is
whether high-dose vitamin E supple-
ments, such as the 1,800 IU used in this
study, should be recommended to dia-
betic patients. The recommended daily
allowance/intake (RDA) of vitamin E is 30
IU (31). Diabetic patients, who experi-
ence increased levels of oxidative stress,
need higher levels of antioxidants, such as
vitamin E, to fight the toxic environment
created by reactive oxygen species. Is it
justifiable, however, to recommend that
diabetic patients take a pharmacological
dose of vitamin E when the evidence thus
far suggests, at best, only a marginal cel-
lular vitamin E–deficiency association
with diabetes (4,32,33)? Available data
does not demonstrate any evidence for
vitamin E toxicity, even with supplemen-
tation of vitamin E as high as 3,200
IU/day for 9 weeks (34). However, there
are no data on whether any imbalance or
d e ficiency of other nutrients occurs in
individuals being supplemented with
such a large dose of vitamin E over a long
time period.

At present, there is no data for or
against these concerns for the high dose of
vitamin E supplementation. Again, it is
d i fficult to suggest what dose of vitamin E
supplementation is ideal without clinical
trials in which diabetic patients are supple-
mented with varying doses of vitamin E.
H o w e v e r, such a clinical trial is not only
time consuming and expensive, but if
done, could be inconclusive because
diverse markers of oxidative stress and
complications may respond diff e rently to
a specific dose of vitamin E supplementa-
tion. Since the RDA for vitamin E is only
30 IU/day (31) and there are no re p o rts of
s e v e re vitamin E deficiency in diabetes, it
seems reasonable to evaluate the long-
t e rm benefits of vitamin E supplementa-
tion at a modest dose, in the range of
100–400 IU/day.

The clinical trial data presented by Dr.
Bursell and his colleagues in this issue ofD i a -
betes Care (30) suggest that the supplemen-
tation of diabetic patients with vitamin E,
when used in conjunction with intensive
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insulin therapy, can potentially reduce the
risk for the development of retinopathy and
n e p h ropathy in type 1 diabetes. Vitamin E
is a lipid antioxidant. Whether the use of
vitamin E in combination with an aqueous
antioxidant, such as N-acetylcysteine or glu-
tathione, can increase the benefits and eff i-
cacy of vitamin E in the improvement of
blood flo w, and thus reduce the possibility
of the development of retinopathy or
n e p h ro p a t h y, needs to be investigated.

Unlike type 2 diabetic patients, those
with type 1 diabetes have an additional
risk factor, i.e., episodes of ketosis or
hyperketonemia. Recent studies have
demonstrated that hyperketonemia is an
additional risk factor in the development
of the oxidative stress associated with dia-
betes (35). The study in this issue observ e d
that the effect of vitamin E supplementa-
tion was predominant in type 1 diabetic
patients who had poor glycemic contro l
(30). These patients are also likely to have
hyperketonemia in addition to hyperg l y-
cemia. There f o re, the question arises
whether there are subsets of the diabetic
population, such as patients with poor
glycemic control or type 1 diabetes, that
a re more likely to show beneficial effects of
vitamin E or other antioxidant interv e n-
tion. This question needs to be considere d
in future clinical trials of antioxidants and
diabetic patients.

In conclusion, the recommendation for
the widespread use of high-dose vitamin E
for diabetic patients is pre m a t u re. Similar to
the DCCT, re s e a rchers need to do a long-
t e rm clinical trial with a larger patient pop-
ulation to assess whether vitamin E
supplementation of diabetic patients lowers
the incidence of development and pro g re s-
sion of complications, such as re t i n o p a t h y,
n e p h ro p a t h y, and neuro p a t h y. The eco-
nomic burden of diabetic patient care for
the U.S. in the year 2000 is likely to be
close to $200 billion. Future clinical trials
to assess the benefits of low-cost vitamin E
supplementation in lowering the risk of
complications in the diabetic patient pop-
ulation could significantly reduce the cost
of caring for diabetic patients.
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