EDITORIAL

Should High-Dose Vitamin E

Supplementation Be Recommended
to Diabetic Patients?

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, partic-
ularly in patients with poor glycemic con-
trol (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 cytochrome
P450-like activity by excessive NADPH
produced by glucose metabolism (8) and
from 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
stress plays any role in the development of
complications in diabetic patients. To
explore this question, researchers have
determined 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 reducing
the level of oxidative stress and slowing or
preventing 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 proteins,
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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
effect on (25) triglyceride levels, and to
lower levels of lipid peroxides (28) and
thromboxane-B, (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 flow
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
determine the efficacy of vitamin E sup-
plementation in diabetic patients. The
results of this study show that high-dose
(1,800 1U/day) vitamin E treatment for a
short duration of 4 months normalizes
retinal blood flow and renal hyperfiltra-
tion in type 1 diabetic patients who had
<10 years of diabetes and no or minimal
diabetic retinopathy and/or microalbu-
minuria. The improvement in the retinal
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 prod-
ucts or other markers of oxidative stress
(30). Such data would have provided a
mechanistic link between reported 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
1U/day for 9 weeks (34). However, there
are no data on whether any imbalance or
deficiency 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
difficult 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.
However, 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 differently to
a specific dose of vitamin E supplementa-
tion. Since the RDA for vitamin E is only
30 [U/day (31) and there are no reports of
severe vitamin E deficiency in diabetes, it
seems reasonable to evaluate the long-
term benefits of vitamin E supplementa-
tion at a modest dose, in the range of
100-400 1U/day.

The clinical trial data presented by Dr.
Bursell and his colleagues in this issue of Dia -
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
nephropathy 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 effi-
cacy of vitamin E in the improvement of
blood flow; and thus reduce the possibility
of the development of retinopathy or
nephropathy, 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 observed
that the effect of vitamin E supplementa-
tion was predominant in type 1 diabetic
patients who had poor glycemic control
(30). These patients are also likely to have
hyperketonemia in addition to hypergly-
cemia. Therefore, the question arises
whether there are subsets of the diabetic
population, such as patients with poor
glycemic control or type 1 diabetes, that
are more likely to show beneficial effects of
vitamin E or other antioxidant interven-
tion. This question needs to be considered
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 premature. Similar to
the DCCT, researchers need to do a long-
term clinical trial with a larger patient pop-
ulation to assess whether vitamin E
supplementation of diabetic patients lowers
the incidence of development and progres-
sion of complications, such as retinopathy;,
nephropathy, and neuropathy. 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.

SusHIL K. JAIN, PHD, FACN, FICN

From the Department of Pediatrics, Louisiana State
University School of Medicine, Shreveport, Louisiana.
Address correspondence to Sushil K. Jain, PhD,
FACN, FICN, Department of Pediatrics, Louisiana
State University School of Medicine, Shreveport, LA
71130-3932. E-mail: sjain@lsumc.edu.

References

1.

10.

11.

12.

13.

14.

The Diabetes Control and Complications
Trial Research Group: The effect of inten-
sive treatment of diabetes on the develop-
ment and progression of long-term
complications in insulin-dependent dia-
betes mellitus. New Engl ] Med 329:977—
986, 1993

. Baynes JW, Thorpe SR: The role of oxida-

tive stress in diabetic complications. Current
Opinion in Endocrinology 3:277-284, 1996

. Giugliano D, Ceriollo A, Paolisso G: Oxida-

tive stress and diabetic vascular complica-
tions. Diabetes Care 19:257-267, 1996

. Dominguez C, Rutz E, Gussinye M, Car-

rascosa A: Oxidative stress at onset and in
early stages of type 1 diabetes in children
and adolescents. Diabetes Care 21:1736—
1742,1998

. Jain SK, McVie R, Duett J, Herbst JJ: Ery-

throcyte membrane lipid peroxidation and
glycosylated hemoglobin in diabetes. Dia -
betes 38:1539-1543, 1989

. Santini SA, Marra G, Giardina B, Cotroneo

P, Mordente A, Martorana GE, Manto A,
Ghirlanda G: Defective plasma antioxidant
defenses and enhanced susceptibility to
lipid peroxidation in uncomplicated
IDDM. Diabetes 46:1853-1858, 1997

. Laaksonen DE, Atalay M, Niskanen L,

Uusitupa M, Hanninen O, Sen CK:
Increased resting and exercise-induced
oxidative stress in young IDDM men. Diga -
betes Care 19:569-574, 1996

. Jain SK: Hyperglycemia can cause mem-

brane lipid peroxidation and osmotic frag-
iliy in human red blood cells. J Biol Chem
264:21340-21345, 1989

. Rajeswari P. Natarajan R, Nadler JL, and

Kumar D: Glucose induces lipid peroxida-
tion and inactivation of membrane associ-
ated iron transport enzymes in human
erythrocytes in vivo and in vitro. J Cell
Physiol 149:100-109, 1991

Tesfamariam B, Cohen RA: Free radicals
mediate endothelial cell dysfunction caused
by elevated glucose. Am J Physiol H321-
H326, 1992

Woft SP, Jiang ZY, Hunt JV: Protein glyca-
tion and oxidative stress in diabetes melli-
tus and aging. Free Radic Biol Med
10:339-352, 1991

Mullarkey CJ, Eldstein D, Brownlee M: Free
radical generation by early glycation prod-
ucts: a mechanism for accelerated athero-
genesis in diabetes. Biochem Biophys Res
Commun 173:932-939, 1990

Jain SK, Kannan K, Lim G: Ketosis (ace-
toacetate) can generate oxygen radicals and
cause increased lipid peroxidation and
growth inhibition in human endothelial
cells. Free Radic Biol Med 25:1083-1088,
1998

Kunisaki M, Bursell S-E, Clermont AC,
Ishii H, Ballas LM, Jirousek MR, Umeda E
Nawata H, King GL: Vitamin E treatment

—

24.

5.

Jain

prevents diabetes-induced abnormality in
retinal blood flow via the diacylglycerol-
protein kinase C pathway. Am J Physiol
269:E239-E246, 1995

Keegan A, Walbank H, Cotter MA,
Cameron NE: Chronic vitamin E treatment
prevents defective endothelium-dependent
relaxation in diabetic rat aorta. Diabetologia
38:1475-1478, 1995

. Bravenboer B, Kappelle AC, Hamers FPT,

van Buren T, Erkelens DW, Gispen WH:
Potential use of glutathione for the preven-
tion and treatment of diabetic neuropathy
in the streptozotocin-induced diabetic rat.
Diabetologia 35:813-817, 1992

. Morel DW., Chisolm GM: Antioxidant treat-

ment of diabetic rats inhibits lipoprotein
oxidation and cytotoxicity. J Lipid Res
30:1827-1834, 1989

. Ross WM, Creighton MO, Stewart DHPJ

Sanwal M, Trevithick JR: Modelling cortical
cataractogenesis I11: in vivo effects of vita-
min E on cataractogenesis in diabetic rats.
Can ] Ophthalmol 17:61-66, 1982

. Kaul N, Siveski-Iliskovic N, Thomas TP,

Hill M, Khaper N, Singal PK: Probucol
improves antioxidant activity and modu-
lates development of diabetic cardiomy-
opathy. Nutrition 11:551-554, 1995

. Pritchard KA Jr, Patel ST, Karpen CW,

Newman HA, Panganamala RV: Triglyc-
eride-lowering effect of dietary vitamin E
in streptozocin-induced diabetic rats:
increased lipoprotein lipase activity in liv-
ers of diabetic rats fed high dietary vitamin
E. Diabetes 35:278-281, 1986

. Paolisso G, DiMaro G, Galzerano D, Cac-

ciapuoti F Varricchio G, Varricchio M,
D'Onofrio F: Pharmacological doses of vit-
amin E and insulin action in elderly sub-
jects. Am J Clin Nutr 59:1291-1296, 1994

. Ceriello A, Giugliano D, Quatraro A,

Donzella C, Dipalo G, Lefebvre PJ: Vita-
min E reduction of protein glycosylation in
diabetes. Diabetes Care 14:68-72, 1991

. Paolisso G, D’Amore A, Galzerano D, Balbi

B, Giugliano D, Varricchio M, D’Onofrio F:
Daily vitamin E supplements improve
metabolic control but not insulin secretion
in elderly type II diabetic patients. Diabetes
Care 16:1433-1437, 1993

Jain SK, McVie R, Jaramillo JJ, Palmer M,
Smith T: Effect of modest vitamin E sup-
plementation on blood glycated hemoglo-
bin and triglyceride levels and red cell
indices in type-1 diabetic patients. ] Am Coll
Nutr 15:458-461, 1996

. Reaven PD, Herold DA, Barnett J, Edelman

S: Effects of vitamin E on susceptibility of
low-density lipoprotein and low-density
lipoprotein subfractions to oxidation and
on protein glycation in NIDDM. Diabetes
Care 18:807-816, 1995

. Fuller ¢J, Chandalia M, Garg A, Grundy

SM, Jialal I: RRR-AT supplementation at
pharmacological doses decreases LDL

DIABETES CARE, VOLUME 22, NUMBER 8, AUGUST 1999

1243



]
Editorial

27.

oxidative susceptibility but not protein gly-
cation in patients with diabetes mellitus.
Am ] Clin Nutr 63:753-759, 1996
Bierenbaum ML, Noonan FJ, Machlin L],
Machlin S, Stier A, Watson PB, Naso AM,
Fleischman AL The effect of supplemental
vitamin E on serum parameters in diabet-
ics, postcoronary and normal subjects.
Nutr Reports International 31:1171-1180,
1985

28. Jain SK, Krueger SK, McVie R, Jaramillo J],

Palmer M, Smith T: Relationship of blood
thromboxane-B, with lipid peroxides and
effect of vitamin E and placebo supple-
mentation on TxB, and lipid peroxide lev-
elsin type 1 diabetic patients. Diabetes Care
21:1511-1516, 1998

29.

30.

31.

Kunisiki M, Umeda E Inoguchi T, Watan-
abe J, Nawata H: Effects of viamin admin-
istration on platelet function in diabetes
mellitus. Diabetes Res 14:37—42, 1990
Bursell SE, Clermont AC, Aiello LP, Aiello
LM, Schlossman DK, Feener EP Laffel L,
King GL: High-dose vitamin E supplemen-
tation normalizes retinal flow and creatinine
clearance in patients with type 1 diabetes.
Diabetes Care 22:1245-1251 1999
Division of Technical Evaluation, Office of
Food Labeling, Food and Drug Adminis-
tration: Guidance for Industry: FDA Nutri -
tion Labeling Manual. Washington, DC,
U.S. Food and Drug Administration Cen-
ter for Food Safety and Applied Nutrition,
1998

32.

33.

34.

Jain SK, Levine SN, Duett J, Hollier B:
Reduced vitamin E and oncreased lipofus-
cin products in erythrocytes of diabetic rats.
Diabetes 40:1241-1244, 1991

Karpen CW, Cataland S, O'Dorisio TM,
Panganamala RV: Interrelation of platelet
vitamin E and thromboxane synthesis in
type 1 diabetes mellitus. Diabetes 33:239—
243, 1984

Stampfer MJ, Willett W, Castelli WP, Taylor
JO, Fine J, Hennekens CH: Effect of vita-
min E on lipids. Am J Clin Pathol 79:714—
716, 1983

. Jain SK, McVie R, Jackson R, Levine SN, Lim

G: Effect of hyperketonemia on plasma lipid
peroxidation levels in diabetic patients. Dia -
betes Care 22:1171-1175, 1999

1244

DIABETES CARE, VOLUME 22, NUMBER 8, AUGUST 1999



