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Select Vitamins and Minerals in the
Management of Diabetes

Vitamins and minerals play diverse
roles in our bodies. Initially, the nutri-
tion community focused on the roles
micronutrients play in preventing defi-
ciency diseases such as scurvy, pella-
gra, and rickets. As our understanding
of nutritional science grew, it became
clear that nutrients act in far broader
ways. We now know that micronutri-
ents can regulate metabolism and gene
expression and influence the develop-
ment and progression of many chron-
ic diseases.1 Eventually, we may be
able to tailor nutritional recommenda-
tions to individuals’ unique genetic
makeup, thus increasing the potential
benefit and positive outcomes of med-
ical nutrition therapy.

MICRONUTRIENTS
Micronutrients are vitamins and min-
erals that our bodies require in small
quantities for specific functions. They
most commonly function as essential
coenzymes and cofactors for metabol-
ic reactions and thus help support
basic cellular reactions (i.e., glycolysis,
the citric acid cycle, lipid and amino
acid metabolism) required to maintain
energy production and life.1 Even
moderate deficiencies can lead to seri-
ous disease states. Micronutrients
have been investigated as potential
preventive and treatment agents for
both type 1 and type 2 diabetes and
for common complications of dia-
betes.2,3

Micronutrient requirements can be
difficult to determine because many
noninvasive assessment methods, such
as the measurement of plasma nutri-

ent levels, do not accurately reflect the
quantities of nutrients present in func-
tionally important nutrient pools, and
many dietary assessment methods and
databases are not perfectly accurate.1–4

These and other methodological
concerns have limited researchers’
ability to conduct well-designed, tar-
geted studies of micronutrient supple-
ments in individuals who are deficient
and therefore most likely to benefit
from supplementation. This has likely
contributed to the varied results
obtained in research studies of
micronutrients in people with dia-
betes.

Other research variables that may
also contribute to the lack of consen-
sus in study results include the use of
diverse populations of patients with
diabetes stemming from different bio-
chemical origins, differences in
glycemic control, variations in doses
and forms of micronutrients used,
variable study length, lack of control
for dietary contribution of micronutri-
ents, and use of different biochemical
assays and methods of analysis.1–4 We
are unlikely to have conclusive data
until these methodological concerns
are resolved.

The American Diabetes Association
(ADA) and the American Dietetic
Association recommend that healthy
people at low risk for nutritional defi-
ciencies meet their nutritional require-
ments with natural food sources.
These organizations do not generally
support the use of micronutrient sup-
plements for people with diabetes,
and the supplements they do recom-
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mend are the same as those recom-
mended for the general public. The
ADA does note that people who are at
increased risk for micronutrient defi-
ciencies, such as those following very-
low-calorie diets, the elderly, strict
vegetarians, and other special popula-
tions, may benefit from multivitamin
supplements.2,3

Current nutritional guidelines are
based on Dietary Reference Intakes
(DRIs). DRIs, established in 1998,
expand on the previously used
Recommended Dietary Allowances
(RDAs). DRIs are composed of four
values: the RDA, the Adequate Intake
(AI), the Estimated Average Require-
ment (EAR), and the Tolerable Upper
Intake Level (UL).

The RDA is the level of nutrient
intake believed to meet the needs of
nearly all healthy individuals. It is
most appropriately used as a target
intake goal. However, intakes that fall
below the RDA are not necessarily
deficient because the RDA, by defini-
tion, is significantly greater than the
needs of many people. The AI is used
in place of the RDA for nutrients for
which we do not yet have sufficient
scientific evidence to establish an
RDA. 

The EAR is the level of nutrient
intake believed to meet the require-
ments of half of the healthy individu-
als in a given life stage or gender
group. It is most appropriately used to
assess the likelihood of a nutritional
deficiency. Diets that fall below the
EAR for a given nutrient have a
≥50% chance of being inadequate.
Supporting clinical and biochemical
evidence is needed to establish the
presence of an actual deficiency.

The UL is the greatest level of nutri-
ent intake for which no adverse side
effects have been noted. It is based on
the members of a healthy population
who are most likely to experience toxi-
city. The UL is usually based on total
daily nutrient intake from both food
and supplements. It is most appropri-
ately used to assess the level of chronic
daily nutrient intake that is likely to
cause significant negative side effects.
(For more information on DRIs, visit
the National Institutes of Health
Office of Dietary Supplements
Website: http://odp.od.nih.gov/ods.
Full text of all the DRI documents can
be accessed without charge from the
National Academy Press Website:
www.nap.edu.)

Vitamin and mineral supplements
are regulated by the Food and Drug

Administration under the 1994
Dietary Supplement Health and
Education Act (DSHEA). This act
provides for only minimal regulatory
oversight of supplement manufactur-
ing and processing, focusing instead
on the labeling and marketing of these
products. 

SELECT MICRONUTRIENTS IN
DIABETES MANAGEMENT
Chromium
The trace element trivalent chromium
(Cr+3) is required for the maintenance
of normal glucose metabolism.
Experimental chromium deficiency
leads to impaired glucose tolerance,
which improves upon the addition of
chromium to the diet.5 Because there
is no accurate biochemical indicator
of chromium status, the determination
of clinical chromium deficiency is dif-
ficult.2,5 Effects of chromium on
glycemic control, dyslipidemia, weight
loss, body composition, and bone
density have all been studied.4,5

The current AI for chromium is 25
�g for women and 35 �g for men. No
UL has been established. Previous rec-
ommendations placed a daily intake
of ≤200 �g/day within a safe and ade-
quate range. Usual dietary intakes in
the United States are estimated to
range between 20 and 30 �g/day.5

There is no evidence that people
with diabetes have increased rates of
deficiency, although several risk fac-
tors for micronutrient deficiencies are
common in people with diabetes.
These include hyperglycemia and gly-
cosuria, low-calorie diets, and
increased age. Other factors that may
increase chromium requirements
include pregnancy, lactation, stress,
infection, physical trauma, and chron-
ic vigorous exercise.4,5 Because
chromium is a nutrient, supplements
will only benefit individuals who have
a deficiency. 

Mechanism of action. Chromium
appears to act by enhancing or poten-
tiating insulin’s actions.6 No chromi-
um-containing enzyme has been dis-
covered, and the biologically active
form of chromium is still uncertain.
Chromium’s actions have been attrib-
uted to an increase in the number of
insulin receptors,5 increased binding of
insulin to the insulin receptor, and
increased activation of the insulin
receptor in the presence of insulin.6 In
vitro studies using organic forms of
chromium have documented altered
activity of phosphotyrosine phos-
phatase and phosphotyrosine kinase.5,6

Evidence-based research. Numer-
ous researchers have investigated the
effects of chromium supplements on
glycemic control in type 2 diabetes,7–13

type 1 diabetes,8 gestational dia-
betes,14 insulin resistance,15 reactive
hypoglycemia,16 the elderly,17 and
steroid-induced diabetes.18 Chromium
has also been shown to improve vari-
ous aspects of dyslipidemia in diabetic
subjects.7,9,10 There are few well-con-
trolled, well-designed studies.

The most definitive support for
chromium supplementation in type 2
diabetes was provided by a 1997 ran-
domized, double-blind, placebo-con-
trolled study conducted in China by
Anderson et al.7 One hundred and
eighty subjects were randomized to
placebo, 200 �g/chromium picoli-
nate/day, or 1,000 �g chromium
picolinate/day for 4 months. HbA1c
significantly declined in both groups
at 4 months compared to placebo (P
<0.05) (placebo 8.5%, 200 �g 7.5%,
1,000 �g 6.6%). Fasting blood glu-
cose (FBG) levels, 2-h oral glucose tol-
erance test, and insulin and choles-
terol levels all decreased in the high-
dose-supplement group at 4 months.

The dose-dependent response and
clinically significant decreases in
HbA1c (decreases are similar in magni-
tude to those seen with many oral
hypoglycemic agents) seen in this
study are encouraging, although ques-
tions remain about its applicability in
the United States, where ethnicity,
dietary chromium intakes, and aver-
age body mass index of people with
diabetes differ from those of the
Chinese subjects. 

Overall, the results of research
studies are mixed,5 with some show-
ing positive effects7,8,10–14 and others
having clearly negative or ambiguous
results.9,10,16,18 Studies using higher
doses7,11,12 and more bioavailable
forms of chromium7,8,11–13 have had
more positive effects than those using
other forms of chromium.10,16,18

Studies in which subjects were possi-
bly consuming low-chromium diets or
had other risk factors for deficiency
were also more likely to show positive
effects.7,11,13,14

Research on chromium is summa-
rized in Table 1. When evaluating
these studies, one must pay particular
attention to the form and dose of
chromium used; the etiology of dia-
betes in the population studied; sub-
jects’ duration of diabetes, ethnicity,
and weight; study duration; subjects’
relative glycemic control; statistical
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Table 1. Select Chromium Clinical Trials

Results

•  FBG decreased (P <0.05) at 4 months in the
1,000-�g group

•  HbA1c decreased at 2 and 4 months in the
1,000-�g group, at 4 months in the 200-�g
group (placebo 8.5%, 200 �g 7.5%, 1,000
�g 6.6%, P <0.05%)

•  OGTT: 2-h glucose decreased in 1,000-�g
group (P <0.05); fasting, 2-h insulin
decreased (P <0.05) in both groups

•  Cholesterol levels decreased in the 1,000-�g
group (P <0.05)

•  FBG decreased from 10.0 to 8.0 mmol/l
•  Postprandial BG improved from 12.0  to 9.9

mmol/l
•  391 of 443 subjects who had reported symp-

toms of fatigue reported improvement; 287
of 334 reported improvement in symptoms of
thirst; and 282 of 322 reported a decrease in
incidence of frequent urination

•  Cr improved insulin sensitivity per FSIVGTT
(40%)(P <0.005)

•  No change in HbA1c or fructosamine

•  4 �g/kg/day Cr group had decreased HbA1c

from 5.6 to 5.2% (P <0.05); no change in
placebo or 8 �g/kg/day Cr group

•  4 �g/kg/day Cr group had decreased fasting
insulin (P <0.035) and C-peptide (P <0.044)
and decreased postprandial BG (P <0.049),
insulin (P <0.005), and C-peptide (P <0.033)

•  8 �g/kg/day Cr group had decreased fasting
insulin (P <0.007) and decreased postprandi-
al BG (P <0.007), insulin (P <0.049), and C-
peptide (P <0.011)

•  No change in FBG
•  No change in cholesterol
•  Decrease of TG (P <0.02) and VLDL (P

<0.05) and increase in HDL (P <0.005) in Cr
group

•  BMI decreased in Cr group (P <0.05)
•  No significant changes in HbA1c, FBG, fast-

ing insulin levels, 1- or 2-h postprandial
insulin, or BG levels in Cr group

•  No significant changes in lipoprotein levels 

•  No significant change in FBG, HbA1c, LDL,
or HDL levels in either treatment

•  TG levels decreased 17.4% from 161 to 133
mg/dl (P <0.05)

Ref.

7

12

11

13

10

16

9

Subjects

•  180 type 2
•  BMI 25
•  China
•  O, I, D
•  HbA1c 9–12%

•  833 type 2
•  China
•  O, I

•  29 
•  Positive family 

history
•  Obese
•  BMI 33–34
•  Age ~45 years

•  30 GDM
•  Age 25–43 years
•  D, I

•  25 type 2
•  51 CVD only 
•  Age 63.6 years
•  D, O

•  24 IGT
•  Age 65–74 years
•  BMI 30
•  Finnish

•  28 type 2
•  D, O, I
•  Age 56 years
•  BMI 31.2

Design

•  RDBPCT
•  Cr picolinate
•  200 or 1,000 �g/day
•  4 months

•  Up to 10 months 
•  Non-placebo-con-

trolled follow-up
•  500 �g/day 
•  Cr picolinate

•  RDBPCT
•  1,000 �g/day
•  Cr picolinate
•  8 months

•  DBPCT 
•  4 �g/kg/day, placebo,

8 �g/kg/day
•  Cr picolinate
•  8 weeks

•  RDBPCT
•  250 �g/day
•  Cr chloride
•  7–16 months; mean 11

months

•  DBPCT
•  6 months
•  160 �g/day
•  Cr-rich yeast

•  RDBPCT cross-over
•  2 months Cr
•  2 months washout
•  200 �g/day 
•  Cr picolinate

Notes

•  Low BMI
•  Clinically significant results
•  Dose-dependent response
•  Ethnicity 
•  Dietary Cr and initial Cr sta-

tus unknown

•  Effects were similar after
1–10 months.

•  Similar effects in men and
women

•  No confirmed negative side
effects of supplemental Cr

•  Average BMI of subjects
unknown

•  Increased risk of diabetes
•  >125% IBW
•  3-day food records to assess

usual diet
•  Meals for 2 days before

FSIVGTT provided

•  Week 20–24 of gestation
•  Only partial randomization
•  4 �g/kg/day group  had high-

er initial HbA1c: 5.6% versus
4.7% in placebo group and
5.1% in 8 �g/kg/day group.

•  No comment on statistical
significance of differences

•  Average BMI of study sub-
jects unknown

•  Subjects all with established
CVD-MI or intermittent clau-
dication

•  No adverse effects; no change
in weight

•  HbA1c of diabetic subjects
not reported

•  Trend to lower postprandial
insulin levels in Cr group
attributed to weight loss

•  No adverse effects of Cr
•  All but two subjects had

undetectable serun Cr levels
at start

•  TG not particularly high to
start with

•  Community primarily
Hispanic

BG, blood glucose; Cr, Chromium; CVD, cardiovascular disease, D, use of medical nutrition or diet therapy; DBPCT, double-blind, placebo-
controlled trial; FSIVGTT, frequently sampled intravenous glucose tolerance test; GDM, gestational diabetes mellitus; I, use of insulin; IBW,
ideal body weight; IGT, impaired glucose tolerance; MI; myocardial infarction, O, use of oral diabetes medication; OGTT, oral glucose toler-
ance test; RDBPCT, randomized, double-blind, placebo-controlled trial; TG, triglycerides.
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and clinical relevance of the data; and
the study design (with randomized,
double-blind, placebo-controlled stud-
ies that control for dietary intake pre-
ferred). Emphasis should be placed on
studies conducted after 1980, when
methodological limitations in measur-
ing chromium were resolved.

Side effects and contraindications.
The toxicity of dietary chromium
(Cr+3) is believed to be low in com-
parison to other trace elements.2

(Hexavalent chromium [+6], a known
human carcinogen, is not present in
the food supply in significant quanti-
ties.) The Environmental Protection
Agency sets toxicity rates at intakes
>1 mg/kg body weight/day.5

Cell culture studies have suggested
that high doses of chromium picoli-
nate may cause increased rates of
chromosomal damage.19 It is not cer-
tain whether chromium or picolinate
were responsible for these effects,
which have not been seen in in vivo
human or animal studies.

There are case reports of renal and
hepatic toxicity, rhabdomylosis, psy-
chiatric disturbances, and hypo-
glycemia with large doses of chromi-
um.20 In many, chromium has not
been unequivocally established as the
sole etiological agent.

High doses of chromium have been
shown to decrease zinc absorption
and may compete with iron for trans-
port on transferrin.4,19 Vitamin C and
aspirin may increase chromium
absorption, but in cell culture studies,
vitamin C enhanced chromium’s
genotoxic effects.19

Clinical application. Accurate bio-
chemical indices of chromium status
are not available, so assessment of sta-
tus and responsiveness to supplementa-
tion can only be established by a sup-
plement trial. Positive effects should be
seen within 6–12 weeks of supplemen-
tation.5 If clear evidence of benefit is
not established, supplementation
should be discontinued because chron-
ic use of chromium may increase the
risk for as-yet-unidentified toxicities.

Supplements of up to 200 �g are
unlikely to be harmful, but the safety
of higher doses, which have been
shown to be more effective, is less cer-
tain. Chromium picolinate and
chromium nicotinate appear to have
increased bioactivity when compared
to inorganic forms of chromium, such
as chromium chloride. The ADA does
not recommend chromium supple-
mentation for people with diabetes.21

The prevalence of chromium defi-

ciency is unknown, but consuming
good sources of chromium, such as
whole grains, cheese, dried beans,
nuts/seeds, mushrooms, beef, wheat
germ, and broccoli, will increase the
likelihood of meeting nutritional rec-
ommendations.4 Adequate blood glu-
cose control and decreased intake of
simple sugars may reduce urinary
chromium loss.4,5

Because chromium appears to
increase the activity of the insulin
receptor, it is logical to expect that
adequate levels of insulin must also be
present. Patients using chromium sup-
plements should be cautioned about
the potential for hypoglycemia, and
monitoring renal function is prudent.

Vanadium
The trace element vanadium has not
been established as an essential nutri-
ent, and human deficiency has not
been documented.4,22 Vanadium exists
in several valence states, with vana-
date (+4) and vanadyl (+5) forms
most common in biological systems.
Vanadyl sulfate and sodium meta-
vanadate are the most common sup-
plemental forms, but other organic
vanadium compounds have been
developed.

In animal models, vanadium has
been shown to facilitate glucose
uptake and metabolism, facilitate lipid
and amino acid metabolism, improve
thyroid function, enhance insulin sen-
sitivity, and negatively affect bone and
tooth development in high doses.23,24

In humans, pharmacological doses
alter lipid and glucose metabolism by
enhancing glucose oxidation, glycogen
synthesis, and hepatic glucose out-
put.23,24 Vanadium acts primarily as
an insulinmimetic agent, although
enhanced insulin activity and
increased insulin sensitivity have also
been noted.23,24 More recent research
suggests that insulin may be required
for its effects.24

Vanadium is ubiquitous in the
environment but is present in
extremely small quantities. This
makes it difficult to accurately mea-
sure status or to induce deficiencies.4,22

There are no accurate assays for clini-
cal settings.22 There is also no RDA.
The usual U.S. diet is estimated to
provide 10–60 �g/day.22

Vanadium is stored primarily in
bone and transported in the blood-
stream on transferrin.22 It is cleared
primarily through the kidney.22

Mechanism of action. Vanadium’s
chemical structure is similar to that of

phosphorus, which appears to influ-
ence its biochemical actions. It may
act as a phosphate analog and has
been shown to alter the rate of activity
of a number of adenosine triphos-
phatases, phosphatases, and phospho-
transferases.23

Vanadium appears to affect several
points in the insulin signaling pathway
and may lead to upregulation of the
insulin receptor and subsequent intra-
cellular signaling pathways.23,24

Suggested effects include insulin recep-
tor autophosphorylation, increased
protein tyrosine and serine threonine
kinase activity, inhibition of phospho-
tyrosine phosphatase activity, increased
adenylate cyclase activity, altered glu-
cose-6-phosphatase activity, inhibition
of hepatic gluconeogenesis, and
increased glycogen synthesis.23,24

Evidence-based research. Several
small trials25–28 have evaluated the use
of oral vanadium supplements in dia-
betes. Most focused on type 2 dia-
betes,25–28 although animal studies
suggest that vanadium also has poten-
tial benefit in type 1 diabetes.23

In subjects with type 2 diabetes,
vanadium increased insulin sensitivity
as assessed by euglycemic, hyperinsu-
linemic clamp studies in some,25–27 but
not all,28 trials. Glucose oxidation and
glycogen synthesis were increased,
and hepatic glucose output was sup-
pressed in two studies.26,27

In type 1 diabetes, vanadium did
not affect insulin sensitivity, although
daily insulin doses declined.25

Supplementation decreased FBG,26–28

HbA1c,26,27 and cholesterol levels25 and
stimulated kinase activity.25

Pharmacological doses appear to
have a mild effect on insulin sensitivi-
ty and glucose utilization in type 2
diabetes. Effects in animal models are
stronger than in humans, and there is
no information on the long-term
effects in diabetes. 

Research on vanadium is summa-
rized in Table 2. When evaluating
these studies, one should pay particu-
lar attention to the form of vanadium
utilized, specific animal model of dia-
betes used or type of diabetes in
humans, doses, physiological rele-
vance of the results, length of study,
and the impact on food intake and
weight caused by the anorexiant
effects of vanadium. It is also impor-
tant to look at study design, controls,
washout period, and assay methods,
especially in vitro phosphorylation
assays, which are notoriously difficult
to conduct well.
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Side effects and contraindications.
Because it is needed in such small
quantities (in animals 50–500 ppb
supports growth) and body stores are
so low (100 �g), relatively small doses
of supplemental vanadium are poten-
tially toxic.22 Patients using oral sup-
plements most commonly report nau-
sea, vomiting, cramping, flatulence,
and diarrhea.25–28 These effects are
transient and improve with a decrease
in dose.

Longer-term use has been associat-
ed with anorexia, decreased food and
fluid intake, and weight loss. Animal
studies indicate that long-term, high-
dose supplementation (>10 mg/day of
elemental vanadium) can be toxic,
with neurological, hematological,
nephrotoxic, hepatotoxic, and repro-
ductive and developmental effects.4,22

Vanadium may enhance the activi-
ty of digoxin and anticoagulant med-
ications.20 Excessive intakes may
result in a green discoloration of the
tongue.4 Limiting daily intake to
<100 �g/day has been recommend-
ed.22

Clinical application. There is
insufficient information on the long-
term effects of pharmacological doses
of vanadium to recommend its use in
diabetes. Chronic intake of relatively
small doses could have significant
adverse effects.

Researchers are working to develop
forms of vanadium that are better
absorbed and have fewer side effects.
Good dietary sources include black
pepper, dill, parsley, mushrooms,
spinach, oysters, shellfish, cereals,
fish, and wine.4

Nicotinamide
Niacin (vitamin B3) occurs in two
forms: nicotinic acid and nicoti-
namide. The active coenzyme forms
(nicotinamide adenine dinucleotide
[NAD] and NAD phosphate) are
essential for the function of hundreds
of enzymes and normal carbohydrate,
lipid, and protein metabolism.2,4

As a vitamin, the two compounds
function similarly, but in pharmaco-
logical doses they have distinct effects.
Nicotinic acid (1–3 g/day) is an effec-
tive treatment for dyslipidemia,4

although its use in people with dia-
betes has been limited because of its
negative effect on glycemic control.
Pharmacological doses of nicoti-
namide are being studied for their
potential benefit in the prevention29–32

and treatment33–37 of diabetes. 

Table 2. Select Vanadium Clinical Trials

Results

•  Vd increased glucose disposal (29%, P <0.05)
in the first phase of  two-step euglycemic
hyperinsulinemic clamp in subjects with type 2

•  No change in insulin sensitivity in type 1, but
insulin doses did decrease (P <0.05)

•  No change in HbA1c, fructosamine, basal
HGO, HGO supression

•  Total cholesterol decreased in type 2 (P <0.05)
•  MAP and S6 kinase activity increased in both

groups

•  Vd decreased FBG by 20% (P <0.05),
decreased HGO (P <0.02) and had no effect
on glucose uptake, oxidation, or glycogen
synthesis

•  Decrease in HGO maintained in placebo
phase

•  Vd decreased FPG from 210 to 181 mg/dl (P
<0.05)

•  HbA1c decreased from 9.6 to 8.8% (P <0.05)
•  Euglycemic hyperinsulinemic clamp indicated

increased glucose uptake and disposal (P
<0.0001), inhibition of HGO (P <0.0001),
increased CHO oxidation (P <0.05) from
increased glycogen synthesis (P <0.003), and
decreased FFA levels (P <0.0001)

•  No change in fructosamine levels, OGTT
response, or insulin levels

•  In subjects with type 2, Vd decreased FPG (P
<0.01) and HbA1c (9.4 to 8.8%) (P <0.01)

•  In type 2, euglycemic hyperinsulinemic clamp
increased glucose utilization (P <0.05) (asso-
ciated with increased glycogen synthesis P
<0.005) and CHO oxidation (P <0.05) and
decreased HGO (P <0.005)

•  In type 2, Vd decreased total cholesterol (P
<0.05) and FFA (P <0.010)

Ref.

25

28

27

26

Subjects

•  5 type 1
•  5 type 2
•  Age 28–65 years
•  BMI 21.7–30.8
•  HbA1c 7.7–19.5%
•  I, O

•  8 type 2
•  BMI 31.5
•  Age 53.5 years
•  I, O

•  6 type 2 
•  Age 50 years
•  BMI 27.3
•  D, O
•  HbA1c 9.6%

•  6 type 2
•  6 control
•  Age 53 years
•  BMI 28.7
•  HbA1c 9.4%
•  D, O

Design

•  Non-randomized, non-
placebo-controlled

•  2 weeks
•  125 mg/day sodium

metavanadate

•  Single-blind, placebo-
controlled

•  100 mg/day vanadyl
sulfate

•  4 weeks

•  Single-blind, placebo-
controlled

•  100 mg/day vanadyl
sulfate

•  3 weeks

•  Single-blind, placebo-
controlled

•  100 mg/day vanadyl
sulfate

Notes

•  Divided dose taken 3
times/day

•  No change in weight or calo-
rie intake for duration of
study

•  No biochemical evidence of
toxicity

•  Side effects primarily GI: nau-
sea, vomiting, mild diarrhea,
hypoglycemia

•  Placebo followed active treat-
ment and 2- to 4-week
washout period.

•  Side effects primarily GI dis-
comfort, mild diarrhea; tran-
sient in nature

•  Baseline HbA1c not provided

•  Divided placebo 2 weeks
before and 2 weeks after
treatment

•  BMI wide range 23–38
•  Hb and Hct decreased in Vd

subjects
•  1% decrease in body weight

•  Data for 5 of the 7 diabetic
subjects previously reported
in ref. 27

•  Control BMI 29.5
•  No change in weight
•  Only small change in choles-

terol
•  Minor GI side effects

CHO, cholesterol; D, use of medical nutrition or diet therapy; FBG, fasting blood glucose; FFA, free fatty acid; FPG, fasting plasma glucose; GI,
gastrointestinal; Hct, hematocrit; HGO, hepatic glucose output; I, use of insulin; MAP, mitogen-activated protein; O, use of oral diabetes med-
ication; OGTT, oral glucose tolerance test; Vd, vanadium.
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The DRIs for niacin are reported in
niacin equivalents (NE) because niacin
can be synthesized by the body from
tryptophan. The RDA is 14 mg NE
for women and 16 mg NE for men.
The UL is 35 mg NE/day for adults.
Niacin deficiency (pellagra) is not
common in the United States.

Mechanism of action. Animal stud-
ies suggest that nicotinamide acts by
protecting pancreatic �-cells from
autoimmune destruction by maintain-
ing intracellular NAD levels and
inhibiting the enzyme poly (ADP-
ribose) polymerase (PARP), an
enzyme involved in DNA repair.
Excessive PARP induction results in
depletion of cytoplasmic NAD levels,
induction of immunoregulatory genes,
and cellular apoptosis (programmed
cell death). Nicotinamide may addi-
tionally act as a weak antioxidant of
nitric oxide radicals.38,39

Evidence-based research. The
effects of nicotinamide supplementa-
tion have been studied in several trials
focusing on the development29–32 and
progression34–36 of type 1 diabetes; a
meta-analysis;33 and one small trial in
type 2 diabetes.37 Results have been
mixed, and the largest clinical trial,
the European Nicotinamide Diabetes
Intervention Trial (ENDIT), is not yet
complete.32

Nicotinamide appears to  be most
effective in newly diagnosed diabetes
and in subjects with positive islet cell
antibodies but not diabetes. People
who develop type 1 diabetes after
puberty appear to be more responsive
to nicotinamide treatment.33–36 Study
results have offered more support for
the idea that nicotinamide helps to
preserve �-cell function33 than for its
possible role in diabetes prevention.30

Research on nicotinamide is sum-
marized in Table 3. When evaluating
these studies, one should pay particu-
lar attention to subjects’ age of dia-
betes onset, duration of diabetes, and
form of diabetes; the dose and form of
nicotinamide used; the clinical signifi-
cance of effects; and effects on growth
in pediatric populations.

Side effects and contraindications.
Nicotinamide is a water-soluble vita-
min and thus is not stored in the
body.2 It is relatively safe with few sig-
nificant side effects.39 Adverse effects
have included skin reactions (flush-
ing), abnormal prothrombin times,
hepatotoxicity, nausea, vomiting,
diarrhea, headache, dizziness, blurry
vision, heartburn, sore mouth, and
fatigue.1,4,20

Nicotinamide interacts with some
anticonvulsants by increasing serum
concentrations.20 Its use is contraindi-
cated in active liver disease and may
worsen gallbladder disease, gout, pep-
tic ulcer disease, and allergies.20 In
animal models, high doses have
caused growth retardation, but this
has not been seen in human studies.39

One trial noted decreases in first-
phase insulin release30 with nicoti-
namide supplementation, and a sec-
ond trial noted decreased insulin sen-
sitivity.29

Clinical application. Nicotinamide
may help to preserve residual �-cell
function in people with type 1 or type
2 diabetes, but it does not lead to clini-
cally significant improvements in
metabolic control. Typical doses are
25–50 mg/kg/day. Of concern are
potential negative effects on insulin
release, insulin sensitivity, and growth.

Any role that nicotinamide may
have in prevention of type 1 diabetes
should be elucidated at the conclusion
of the ENDIT study sometime after
2003.39 Until then, the efficacy and
safety of long-term, high-dose nicoti-
namide supplementation are unclear.
Monitoring liver enzymes and platelet
function is prudent if using high-dose
nicotinamide supplements. Good
dietary sources of niacin include forti-
fied grains, some cereals, meats, fish,
and dried beans.4

Magnesium
The mineral magnesium functions as
an essential cofactor for more than
300 enzymes. It is essential for all
energy-dependent transport systems,
glycolysis, oxidative energy metabo-
lism, biosynthetic reactions, normal
bone metabolism, neuromuscular
activity, electrolyte balance, and cell
membrane stabilization.40 The kidney
primarily regulates magnesium home-
ostasis.

Magnesium deficiency has been
associated with hypertension, insulin
resistance, glucose intolerance, dyslipi-
demia, increased platelet aggregation,
cardiovascular disease, complications
of diabetes, and complications of
pregnancy.2,3,40,41 Whether poor mag-
nesium status plays a causal role in
these disorders or is simply associated
with them has not been determined.

Less than 0.3% of the body’s mag-
nesium pool is found in serum, and
extracellular magnesium levels do not
reflect functionally important body
pools. This makes assessment of mag-
nesium status difficult.2,40,41 Serum

magnesium is a specific, but not sensi-
tive, indicator of magnesium deficien-
cy; low serum magnesium levels indi-
cate low magnesium stores, but a defi-
ciency must be severe before serum
levels decline. More sensitive assays
are being developed.2,40,41

Magnesium is one of the more
common micronutrient deficiencies in
diabetes.2,3,40,41 Decreased magnesium
levels and increased urinary magne-
sium losses have been documented in
both type 1 and type 2 diabetic
patients.2,40–45 Low dietary magnesium
intake has been associated with
increased incidence of type 2 diabetes
in some,46 but not all,47 studies.

Hypomagnesemia in diabetes is
most likely due to increased urinary
losses.40,41 Additional risk factors
include ketoacidosis, use of certain
medications including digitalis and
diuretics, malabsorption syndromes,
congestive heart failure, myocardial
infarction (MI), electrolyte distur-
bances, acute critical illness, alcohol
abuse, and pregnancy.40,41 Low-calorie
and poor-quality diets are more likely
to be inadequate in magnesium. People
with diabetes may have diets low in
magnesium.48 Hypermagnesemia may
occur with renal insufficiency that
impairs magnesium clearance.40,41

The RDA is 400 mg/day for men
under age 30, 420 mg/day for men
over age 30, 310 mg/day for women
under 30, and 320 mg/day for women
over age 30. The UL is 350 mg/day as
supplemental magnesium. Daily
intake from food and water is not
included in the UL. 

Mechanism of action. The mecha-
nisms by which magnesium affects
insulin resistance, hypertension, and
cardiovascular disease are unknown.
However, the widespread use of mag-
nesium in normal metabolism of
macronutrients, cellular transport sys-
tems, intracellular signaling systems,
platelet aggregation, vascular smooth
muscle tone and contractility, elec-
trolyte homeostasis, and phosphoryla-
tion and dephosphorylation reactions1

suggests that these effects are multi-
factorial.

Evidence-based research. Research
has focused on the following areas:

•  Glycemic control. An inverse
relationship between plasma
magnesium levels and indices of
glycemic control has been noted
in both type 1 and type 2 dia-
betes.42,43 Clinical studies evalu-
ating the effect of supplemental
magnesium on glycemic control
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are mixed, with some studies
reporting improvements44,49 and
others showing no improve-
ment.45,50,51

•  Insulin sensitivity. Diets low in
magnesium are associated with

increased insulin levels,52 and
clinical magnesium deficiency is
strongly associated with insulin
resistance.40,41 It is not known if
low magnesium levels play a role
in the development of insulin

resistance, are a result of insulin
resistance, or are simply a coex-
isting condition. In vitro evi-
dence suggests that insulin plays
a role in magnesium transport,
and insulin resistance has been

Table 3. Select Nicotinamide Clinical Trials

Results

•  Nic associated with significant decreases in
the development of type 1 diabetes (P
<0.008), wide confidence interval 

•  Rates of diabetes were similar in the Nic and
placebo groups

•  Nic decreased first-phase insulin response
(40%) to glucose (P <0.03)

•  Nic decreased insulin sensitivity 23.6% (P
<0.02)

•  Insulin sensitivity improved in most subjects
after discontinued Nic

•  No clear effect on acute insulin response;
increased in some subjects

•  Treatment started in 1994; results expected
after 2002 

•  1 year after diagnosis, baseline C-peptide lev-
els significantly higher in Nic group (P
<0.005), placebo-controlled group (P <0.05)

•  No differences in HbA1c or insulin require-
ments

•  Stimulated C-peptide levels significantly high-
er at 6 months (P <0.04) and 1 year (P <0.01)
compared to diagnosis 

•  Decreased HbA1c in Nic (P <0.03) at 1 year
compared to control

•  Stimulated C-peptide levels were increased in
the group of Nic-treated patients >15 years
old (P <0.02)

•  No other differences between Nic and place-
bo were seen.

•  No significant differences between the 2
groups at 1 year

•  Trend toward higher insulin doses in the 50
mg/kg/day group

•  C-peptide release increased in two groups
receiving Nic compared to placebo (P <0.05)

•  No difference in HbA1c, FBG, or mean daily
BG between groups

Ref.

31

30

29

32

33

34

35

36

37

Subjects

•  173 postive ICA
•  Age 5–8 years
•  New Zealand

•  55 positive ICA
•  Siblings of type 1
•  Age 3–12 years
•  Germany

•  8 positive ICA
•  Siblings of type 1
•  Mean age 39 years

•  Goal 422 positive
ICA

•  First-degree relative
type 1

•  Age 5–40 years

•  211 type 1
•  Recent diagnosis
•  Ages 4–48 years

•  36 type 1
•  Mean age 18 years
•  Recent diagnosis

•  56 type 1
•  Recent diagnosis
•  Mean age 18 years
•  HbA1c 8.7%

•  74 type 1 
•  Recent diagnosis

•  18 type 2
•  Negative ICA
•  OHA failure
•  BMI <25

Design

•  Not placebo-controlled
•  1,000 mg/day Nic
•  Mean follow-up 7

years

•  RDBPCT; DENIS trial
•  1.2 g/m2 body sur-

face/day
•  Slow-release Nic
•  Follow-up 2–3 years

•  Not randomized
•  No placebo
•  2 g/day slow-release

Nic
•  2 weeks

•  Randomized, placebo-
controlled

•  Multicenter/multi-
country

•  Goal follow-up 5 years
•  1,200 mg/M2/day
•  Slow-release Nic

•  Meta-analysis
•  10 randomized studies,

5 placebo-controlled
•  Dose 4–100 mg/kg/day
•  Up to 60 months fol-

low-up

•  Open controlled trial
•  200 mg/day Nic
•  4 weeks

•  DBPCT
•  25 mg/kg/day
•  1 year

•  Randomized, non-
placebo

•  25 mg/kg/day, 50
mg/kg/day

•  1 year

•  Randomized, single-
blind, placebo

•  6 months
•  1.5 g/day Nic
•  I plus Nic, I plus place-

bo, OHA plus Nic

Notes

•  Clinically significant decrease
in incidence of diabetes: 41%
of that in non-treated group

•  Trial ended early due to lack
of effect of Nic (P <0.97)

•  Very-high-risk group of sub-
jects

•  Subjects tested at baseline,
after 2 weeks Nic, and 2
weeks after treatment

•  Doses ranged from 19.1 to
40.5 mg/kg

•  No difference in remission
rate

•  No serious side effects
•  Lower insulin doses in Nic

group

BG, blood glucose; FBG, fasting blood glucose; DBPCT, double blind placebo controlled trial; I, use of insulin; DENIS, Deutsch Nicotinamide
Intervention Study; ICA, islet cell antibodies; Nic, nicotinamide; OHA, oral hypoglycemic agent; RDBPCT, randomized, double-blind, placebo-
controlled trial.
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shown to decrease magnesium
uptake in type 2 diabetes.40

Conversely, magnesium supple-
mentation has a mild positive
effect on insulin sensitivity.40,49,53

Animal models show decreased
insulin receptor tyrosine kinase
activity and decreased glucose
uptake and oxidation in magne-
sium deficiency.40 Supplement-
ation trials have primarily focused
on type 2 diabetes.

•  Hypertension. Observational
studies indicate an inverse rela-
tionship between magnesium lev-
els and hypertension in people
with and without diabetes.
Clinical trials have produced
inconsistent results.54

•  Cardiovascular disease. Mag-
nesium deficiency is associated
with dyslipidemias, atherosclero-
sis, acute MI, and cardiovascular
disease (CVD)41,55 and has been
shown to alter platelet aggrega-
tion and activity.3,40,41,55 Most tri-
als in type 2 diabetes have
shown little effect of supplemen-
tation on lipid levels,45,50,51

although improvement in the
magnesium status of subjects
with type 1 diabetes was associ-
ated with mild improvements in
triglycerides.55

•  Complications. Some,47 but not
all,56 research suggests that sub-
jects with common microvascu-
lar complications of diabetes
have lower serum magnesium
levels than subjects without
complications. Patients with
retinopathy have been found to
have lower magnesium levels
than control subjects or diabetic
subjects without retinopathy.40

Intracellular magnesium levels
were lower in patients with neu-
ropathy.44 In type 2 diabetic
subjects, micro- and macroalbu-
minuria were associated with
lower serum ionized magnesium
levels than was normoalbumin-
uria.57

Research on magnesium is summa-
rized in Table 4. When evaluating
these studies, one should pay particu-
lar attention to the characteristics of
the population studied; the etiology of
diabetes; the presence of obesity; sub-
jects’ age, renal function, diet compo-
sition, oral hypoglycemic or insulin
use, and degree of glycemic control;
the dose and form of magnesium, sub-
jects’ baseline magnesium status and

response to supplementation;  assess-
ment methods; length of trial; and the
study design and ability to identify
causality. 

Side effects and contraindications.
Magnesium is relatively nontoxic in
people with normal renal function.
Chronic supplementation and use of
magnesium-containing medications
such as laxatives and antacids can
lead to hypermagnesemia in people
with impaired renal function, defined
as creatinine clearance <30 ml/min.40

Hypermagnesemia can result in
hypotension, headaches, nausea,
altered cardiac function, central ner-
vous system disorders, and death.1,4

Clinical application. The ADA rec-
ommends assessment of magnesium
status in patients at risk for deficiency
and supplementation for documented
deficiencies.41

Oral supplements are available in
numerous forms, but some research
suggests that magnesium citrate is
more bioavailable.4 Supplements up to
the UL of 350 mg/day are appropri-
ate; intakes >500 mg/day of elemental
magnesium may cause diarrhea.4

Effects of supplementation on
indices of magnesium status are
mixed,40,41 but some research suggests
that relatively high doses of magne-
sium for 1–3 months followed by
lower daily supplements are needed to
restore and maintain magnesium in
people with diabetes.44,45

In patients with renal insufficiency,
supplementation must be monitored
closely. Adequate dietary intakes and
good glycemic control should be
encouraged to prevent deficiency.
Good dietary sources include whole
grains, leafy green vegetables,
legumes, nuts, and fish.4 Diets high in
saturated fat, fructose, caffeine, and
alcohol may increase magnesium
needs.1,4,40

Vitamin E
This essential fat-soluble vitamin func-
tions primarily as an antioxidant.1

Free radical damage is believed to
play a role in many diseases, such as
CVD and cancer, as well as in normal
cellular aging. Antioxidants have been
proposed as preventive and treatment
agents for these conditions.4

Low levels of vitamin E are associ-
ated with increased incidence of dia-
betes,58 and some research suggests
that people with diabetes have
decreased levels of antioxidants.59

People with diabetes may also have
greater antioxidant requirements

because of  increased free radical pro-
duction with hyperglycemia.60,61

Increased levels of oxidative stress
markers have been documented in
people with diabetes.62,63 Improvement
in glycemic control decreases markers
of oxidative stress,60 as does vitamin E
supplementation.60,64,65

Clinical trials involving people with
diabetes have investigated the effect of
vitamin E on diabetes prevention,66

insulin sensitivity,67,68 glycemic con-
trol,69–71 protein glycation,72 microvas-
cular complications of diabetes,73,74

and cardiovascular disease and its risk
factors.64,65,75,76

Vitamin E refers to a group of
compounds that includes tocopherols
and tocotrienols. Alpha-tocopherol is
the most abundant and biologically
active.4 Usual dietary intakes are esti-
mated at 7–11 mg/day.4 The RDA for
alpha-tocopherol is 15 mg/day for
people 15 years of age and older. The
UL for alpha-tocopherol is 1,000
mg/day from supplemental sources.
Natural vitamin E (d-alpha toco-
pherol) has approximately twice the
bioactivity of synthetic forms of the
vitamin (dl-alpha tocopherol).4

Mechanism of action. Vitamin E is
a potent lipophilic antioxidant. It acts
to neutralize free radical species pro-
duced during normal cellular metabo-
lism, protecting cellular membranes
and lipoproteins—LDL in particu-
lar—from oxidative damage. It also
interacts with water-soluble antioxi-
dants such as glutathione.1,4 It may
play a role in preventing and treating
common complications of diabetes,
such as CVD, nephropathy, and neu-
ropathy, by decreasing protein glyca-
tion, lipid oxidation, and inhibition of
platelet adhesion and aggrega-
tion.64,65,72–74,76

Evidence-based research. Studies
have focused on the following areas:

•  CVD. People with diabetes are at
increased risk for CVD.64,65

Dietary vitamin E has been asso-
ciated with decreased incidence
of CVD,77,78 and in subjects with-
out diabetes, supplementation
has improved cardiovascular out-
comes in some,79 but not all,
studies. A large recent interven-
tion trial including 3,577 people
with diabetes found no beneficial
effect on cardiovascular out-
comes with 400 IU of natural vit-
amin E/day for 4.5 years.75

The effects of supplementa-
tion on CVD risk factors in dia-
betes are mixed.96 Positive effects
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on lipid levels or lipid oxidation
have been noted in some,64,70,71 but
not other,69 studies. Improvements
have been noted in cell adhesion,65

platelet aggregation,65 monocyte
proatherogenic activity,65 and
endothelial function.76 Vitamin E
has improved LDL oxidation, but
positive effects may be greater for
buoyant LDL than for the highly
atherogenic dense LDL.64

•  Microvascular complications.

Limited research suggests that vit-
amin E may be beneficial in pre-
venting or treating microvascular
complications of diabetes.73,74

•  Insulin resistance and glycemic
control. Some studies have docu-
mented improvements in glycemic
control67,70–72 and insulin resis-
tance67 with vitamin E supple-
mentation, whereas others have
noted no effect64,69 or negative
effects.68

Research on vitamin E is summa-
rized in Table 5. When evaluating
these studies, one should pay particu-
lar attention to the population stud-
ied, presence of preexisting CVD, type
of diabetes, form and dose of vitamin
E, duration of supplementation, level
of glycemic control, use of a pre-study
run-in period, levels of antioxidant
body pools, degree of incorporation
into lipoproteins, degree of protection
from oxidation conferred, assay

Table 4. Select Magnesium Clinical Trials

Results

•  Mg supplementation slightly increased plas-
ma Mg levels (P <0.05); no change in RBC
Mg, which was not low

•  No change in FBG, HbA1c
•  No change in lipids or hypertension

•  Subjects with diabetes had decreased intra-
mononuclear Mg (P <0.05) but not plasma
Mg

•  No correlation between intramononuclear
Mg and glycemic control

•  41.4 mmol Mg increased plasma Mg and
decreased fructosamine levels (P <0.05)

•  Subjects with peripheral neuropathy (P
<0.05) and CVD (P <0.05) had lower intra-
mononuclear Mg levels than those with dia-
betes but no complications or retinopathy

•  Plasma Mg in diabetes significantly lower
than in healthy controls (P <0.0001)

•  Mg increased plasma Mg to levels similar to
control group at 3 months

•  No change in HbA1c: 7.4% pre-Mg, 7.2%
post-Mg; no change in basal or OGTT
insulin levels or BG levels

•  No change in lipid levels

•  Mg increased plasma and RBC Mg (both P
<0.001)

•  FBG did not change
•  Euglycemic hyperinsulinemic clamp increased

insulin-mediated glucose disposal (P <0.005),
total body glucose disposal (P <0.005), and
glucose oxidation (P <0.01)

•  No effect of Mg on HbA1c, FBG, lipids, renal
function, or blood pressure

•  Mg increased plasma (P <0.05) and RBC Mg
(P <0.01) levels

•  Mg decreased FBG (P <0.05)
•  Euglycemic hyperinsulinemic clamp: Mg

increased acute insulin response to glucose
pulse  (P <0.05), glucose infusion rate (P
<0.025)

Ref.

51

44

45

53

50

49

Subjects

•  50 type 2
•  Netherlands
•  I
•  BMI 28
•  HbA1c 8.7%

•  128 type 2
•  BMI 25
•  D, O, M
•  Brazil
•  HbA1c >8%

•  40 type 2
•  HbA1c 7.4%
•  BMI 28
•  Austria
•  D plus O, M

•  9 type 2
•  BMI 25.8
•  Mean age 73 years
•  D
•  HbA1c ?
•  Italy

•  56 type 2
•  Age 64±8 years
•  D, O, I
•  BMI~25
•  HbA1c 7.3%

•  8 type 2
•  Age 72 years
•  133% IBW
•  Italy
•  HbA1c ?

Design

•  RDBPCT
•  15 mmol/day 
•  Oral MgAspHCl
•  3 months
•  Intention to treat and

on-treatment

•  RDBPCT
•  Oral Mg oxide 
•  20.7 mmol/day; 41.4

mmol/day, placebo
•  30 days
•  Intention to treat

•  RDBPCT
•  Oral Mg
•  30 mmol/day
•  3 months

•  RDBPCT crossover
•  4-week treatment
•  4-week washout
•  15.8 mmol/day
•  Oral Mg pidolate

•  RDBPCT
•  15 mmol/day
•  Mg lactate citrate
•  4 months

•  RPCT crossover
•  4-week treatment
•  2-week washout
•  2 g/day 
•  Oral Mg

Notes

•  Increased plasma Mg irre-
spective of group was associ-
ated with a decrease in dias-
tolic BP 

•  No side effects noted
•  16 drop-outs

•  GI side effects: diarrhea,
abdominal pain, nausea

•  No correlation between plas-
ma and intracellular Mg

•  29 subjects did not follow
protocol

•  No change in weight

•  6 month follow-up found Mg
levels declined to pre-Mg lev-
els

•  2 months of treatment did
not increase plasma Mg

•  Diet questionnaire to assess
Mg intake

•  All subjects had normal plas-
ma Mg initially

•  Oral medications discontin-
ued 3 weeks before study

•  Diet Mg estimated at 317
mg/day

BG, blood glucose; BP, blood pressure; D, use of medical nutrition or diet therapy; FBG, fasting blood glucose; GI, gastrointestinal; I, use of
insulin; IBW, ideal body weight; M, metformin; Mg, magnesium; MgAspHCl, magnesium aspartate hydrochloride; O, use of oral diabetes med-
ication; OGTT, oral glucose tolerance test; RBC, red blood cell; RDBPCT, randomized, double-blind, placebo-controlled trial; RPCT, random-
ized, placebo-controlled trial. 
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method for oxidative markers, effects
on mortality, presence of smoking or
alcohol use, and supplement use and
usual diets of subjects.

Side effects and contraindications.
Vitamin E is relatively nontoxic.5

Most long-term trials have found no
negative side effects with supplemen-

tation.4,79, 80

Vitamin E has been shown to have
anticoagulant properties, and patients
using medications and herbal supple-
ments known to decrease blood clot-
ting, such as warfarin, aspirin, gingko
biloba, garlic, and ginseng, may be at
increased risk for bleeding with high-

dose supplements.20 Doses of vitamin
E up to 400 IU are believed to be
safe.1 Doses >800 IU may alter blood
clotting, although trials that have
monitored prothrombin times have
noted no increases.4

Vitamin E has been associated with
increased risk of hemorrhagic stroke

Table 5. Select Vitamin E Clinical Trials

Results

•  Conclusion:  effects of VE and nicotinamide
on �-cell preservation similar

•  HbA1c and insulin use decreased (P <0.005).
•  Authors noted similar results with nonsupple-

ment patients in past
•  Basal and stimulated C-peptide levels

remained stable over year

•  VE supplementation in poorly controlled sub-
jects did not improve FBG, HbA1c, fruc-
tosamine, cholesterol, LDL, HDL, TG, apo-
A, apo-B

•  Modest but significant decrease in HbA1c,
12.8 to 11.5% (P <0.05)

•  Modest but significant decrease in TG (P
<0.03)

•  Decreased FBG (P <0.05), decreased HbA1c
7.8 to 7.1% (P <0.05)

•  TG (P <0.02), LDL (P <0.04), FFA, choles-
terol, apo-B (P <0.05) 

•  Supplements increased plasma VE,
GSSG/GSH ratio, decreased plasma oxygen
production, no effect on fasting or IVGTT
insulin

•  Decrease in HbA1c 11.8 to 7.8% with 1,200
mg/day (P <0.01), 11.5 to 8.9% with 600
mg/day (P <0.001)

•  No change in fasting or mean daily BG level
or response to hyperglycemic clamp 

•  VE may act in an early step of glycation, pos-
sibly glucose auto-oxidation

•  Diabetes plus VE decreased FBG (P <0.05)
and HbA1c 7.9 to 7.0% (P <0.04)

•  Diabetes plus VE decreased OGTT AUC (P
<0.03) and increased glucose disposal (P
<0.02) and nonoxidative glucose metabolism
(P <0.02)

•  Diabetes plus VE no change in basal or 2 hr
OGTT insulin levels

•  VE increased serum VE and improved oxida-
tive and membrane viscosity and to a greater
degree in diabetes

•  VE decreased glucose disposal rate (P <0.02)
and metabolic clearance rate of GL (P <0.01)

•  Subjects with diabetes had lower serum VE
and higher MDA, TPA, and PAI-1 

•  VE increased serum VE levels, decreased TPA
to control levels, decreased MDA, and result-
ed in no change in PAI-1

Ref.

66

69

70

71

72

67

68

Subjects

•  84 type 1
•  Age 5–35 years
•  HbA1c 8.9%

•  53 type 2
•  Mexico
•  Age 40 years
•  BMI 24
•  HbA1c 11.9%

•  35 type 1
•  Age 12 years

•  25 type 2 
•  Italy
•  Age 71 years
•  BMI 27
•  HbA1c 7.8%

•  30 
•  Insulin-requiring
•  Age ~41 years
•  BMI ~28
•  HbA1c ~11.5%

•  5 type 2
•  10 healthy controls
•  BMI 26
•  OHA
•  HbA1c 7.9%

•  11 type 2
•  9 healthy controls
•  BMI diabetes 31.6
•  Age ~44 years
•  D, OHA, M

Design

•  IMDIAB IV study
•  Prospective trial
•  Nonrandomized,  non-

placebo
•  15 mg/kg/day VE
•  1 year

•  RDBPCT, crossover
•  400 mg VE
•  2 months
•  4-week washout

•  RDBPCT
•  100 IU dl-� VE/day
•  3 months

•  RDBPCT, crossover
•  900 mg/day d-� VE
•  3 months
•  30-day washout

•  Group randomized,
blinded

•  Placebo 600, 1,200 mg
VE/day

•  Groups matched for
age, duration, and
control of diabetes

•  2 months

•  RDBPCT, crossover
•  900 mg/day dl-� VE
•  4 months
•  1-month washout

•  Not randomized, no
placebo, not blinded

•  600 mg/day �-VE

Notes

•  Patients <15 years of age had
lower C-peptide than patients
>15 years of age

•  VE in 1 patient resulted in
transient leucopenia

•  Form of VE not specified

•  Form of VE not specified

•  Clinical significance of results
is low

•  Hematological indices OK

•  Subjects had no micro- or
macrovascular complications

•  Pharmacological dose

•  C-peptide levels mean 0.5-0.6
nmol/l

•  Form of VE not specified
•  Dose-dependent effect of VE

on HbA1c

•  dl-� VE
•  Pharmacological dose
•  No side effects noted

•  d- versus dl-� VE not speci-
fied

•  BMI control 25

cont’d on page 143
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(and decreased incidence of ischemic
stroke) in smokers.4 In vitro assays
suggest that vitamin E can have some
pro-oxidant activity, but this has not
been shown in in vivo studies.4

Clinical application. Good sources
of vitamin E are primarily higher-fat
foods, such as vegetable oils, mar-
garines, wheat germ, seeds, and nuts.2
Adequate intakes for antioxidant
activity may be difficult to achieve for
those following low-fat diets.

Supplements containing natural (d-
alpha tocopherol) vitamin E are more
bioavailable. Doses may need to be
increased as much as two times that
of natural vitamin E if the synthetic
form of the vitamin (dl-alpha-toco-
pherol) is used.4

Patients using medications such as
orlistat, which decrease vitamin E
absorption, may require vitamin E
supplements. The ADA does not rec-
ommend regular supplementation of
vitamin E in people with diabetes.21

B Vitamins Involved in Homocysteine
Metabolism
Hyperhomocysteinemia (Hhcys) is
positively correlated with coronary
heart disease, cerebrovascular disease,
and peripheral vascular disease.81 It
has not been determined whether the
presence of Hhcys precedes or follows
vascular diseases.

A recent prospective, population-
based study found that Hhcys is a risk

factor for overall mortality in type 2
diabetic patients independent of other
known risk factors. Hhcys was a
twofold stronger risk factor for death
in diabetic patients as compared to
nondiabetic patients. For each 5
�mol/l increment of homocysteine,
risk of mortality rose by 17% in non-
diabetic and 60% in diabetic
subjects.82

Adequate levels of the vitamins
pyridoxine (vitamin B6), cobalamin
(vitamin B12), and folate are necessary
for normal homocysteine metabolism.1
Folate refers to a family of naturally
occurring compounds. Folic acid is the
synthetic form of the vitamin. Folate is
an essential coenzyme for reactions
involving the transfer of one-carbon-
units in amino acid and nucleic acid
synthesis.1,4

The RDA for folate is 400 �g/day
folate equivalents for adults and 600
�g per day in pregnancy. The UL is
1,000 �g/day of folic acid from sup-
plements and does not include dietary
sources. Folate is widely available in
the food supply but as much as
50–95% of it may be destroyed by
processing.1 Folic acid is the preferred
supplemental form.

Conditions that increase the risk of
folate deficiency include pregnancy
and lactation; alcoholism; anorexia;
older age; chronic use of medications
such as anticonvulsants, antiprolifera-
tive drugs, and oral contraceptives;

malabsorption disorders; and gas-
trointestinal surgery.1,4

The biguanide metformin may
reduce folate and vitamin B12 absorp-
tion and increase homocysteine
levels.83,84 The clinical significance of
this effect is unknown. Folic acid sup-
plements in patients using metformin
decreased homocysteine levels,85 and
calcium supplements improved serum
B12 levels presumably by reversing the
negative effects of metformin on vita-
min B12 absorption.86

B12 has been used as a treatment for
peripheral neuropathy in diabetes, but
there is insufficient evidence to support
this use. Many of the symptoms of B12

deficiency are similar to those associat-
ed with aging and neuropathy (ataxia,
memory changes).1 Thus, clinicians
must be alert to the possibility of and
specifically test for B12 deficiency in
these populations. Risk of vitamin B12

deficiency is increased with elderly age,
achlorhydria, alcohol abuse, long-term
gastric acid inhibitors, vegan diet, par-
tial gastrectomy, celiac sprue, and
autoimmune disorders including type
1 diabetes, AIDS/HIV, and thyroid dis-
orders.1,4

The adult RDA for B12 is 2.4
�g/day. A UL has not been set, but
daily doses up to 100 �g/day have not
been associated with toxicity.4

Risk of B6 deficiency is increased
with elderly age, alcoholism, high-
protein intakes, liver disease, dialysis,

Table 5. Select Vitamin E Clinical Trials cont’d

Results

•  No change in incidence of MI, stroke, or
death from cardiovascular causes, death from
all causes, or secondary cardiovascular events
in VE-supplemented subjects with or without
diabetes

•  There were no significant adverse effects
associated with VE, no increase in hemor-
rhagic stroke, and no side effects in those on
antiplatelet prescription

•  VE supplements increased plasma and LDL
(buoyant and dense) VE levels

•  VE decreased susceptibility of LDL (P <0.01);
protection was greater for buoyant LDL than
for dense LDL

•  No change in glycemic indices or protein gly-
cation including LDL

•  No changes in lipoprotein levels

Ref.

75

64

Subjects

•  2,545 women
•  6,996 men
•  3,577 diabetes

(38%)
•  55 years or older
•  High CVD risk

•  21 type 2
•  Age ~61years
•  BMI ~29.5
•  HbA1c 6–10%
•  D and/or OHA

Design

•  RDBPCT 2�2 factori-
al design

•  VE 400 IU, 400 IU
plus ACE-I, ACE-I

•  Natural VE
•  Mean treatment dura-

tion 4.5 years

•  RDBPCT
•  10 weeks
•  1,600 IU dl-� VE

Notes

•  Subjects had previous CVD
event or CVD risk factor
including diabetes

•  Stopped 6 months early
because of the clear benefit of
ACE-I

•  Diet records used to ensure %
fat, MUFA, PUFA,VE were
similar

•  Mean HbA1c 7–8% 
•  No significant dyslipidemia

ACE-I, angiotensin-converting enzyme inhibitor; AUC, area under the curve; BG, blood glucose; D, use of medical nutrition or diet therapy; FBG,
fasting blood glucose; FFA, free fatty acid; GSSG/GSH, oxidized/reduced glutathione ratio; IMDIAB IV, Immunotherapy of Diabetes Study IV;
IVGTT, intravenous glucose tolerance test; M, metformin; MDA, malondialdehyde; MI, myocardial infarction; MUFA, monounsaturated fatty
acid; OGTT, oral glucose tolerance test; OHA, oral hypoglycemic agent; PAI-1, tissue plasminogen activator inhibitor 1; PUFA, polyunsaturated
fatty acid; RDBPCT, randomized, double-blind, placebo-controlled trial; TG, triglycerides; TPA, tissue plasminogen activator; VE, vitamin E. 
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and use of medications such as corti-
costeroids, penicillamine, anticonvul-
sants, and isoniazid.1,4 Poor glycemic
control may also lead to increased uri-
nary losses.

B6 acts as an essential cofactor for
hundreds of enzymes and plays a role
in glucose, lipid, and amino acid
metabolism and neurotransmitter syn-
thesis. The active coenzyme form of
the vitamin, pyridoxal 5’phosphate, in
muscle tissue is closely associated with
glycogen phosphorylase.1 Deficiency
of B6 in humans and animals is associ-
ated with glucose intolerance, but
supplementation does not result in
improved glycemic control.2 B6 is not
an effective treatment for diabetic
neuropathy.3 The RDA for B6 is 1.3
mg/day for adults up to the age 50.

The RDA increases to 1.5 mg/day
for women and 1.7 mg/day for men
over age 50. The UL for B6 is 100
mg/day for adults.

Mechanism of action. The amino
acid homocysteine can be metabolized
through transulfuration or remethyla-
tion. In the remethylation pathway,
methionine synthase converts homo-
cysteine to methionine using folate as
the methyl donor.1,81 B12 acts as an
essential cofactor for this reaction. In
the transulfuration pathway, homocys-
teine and serine combine to form cys-
tathione. This reaction is catalyzed by
cystathione B-synthase and requires B6

as a coenzyme.1,81

The mechanism by which increased
homocysteine levels increase CVD risk
has not been determined but is
believed to result from pro-oxidant
activity of the amino acid, endothelial
dysfunction, and increased platelet
activation.81

Evidence-based research. This
summary focuses on folate because it
is the primary nutritional determinant
of homocysteine levels. The preve-
lance of Hhcys may vary between 5
and 30% in the general population.
Hhcys has been found in type 2 dia-
betes,87 and in some,88 but not all,89

studies of type 1 diabetes. Differences
in renal filtration rates may explain
some of the variable results seen in
serum homocysteine levels in diabetes;
hyperfiltration decreases homocys-
teine levels, and impaired filtration
rates increase homocysteine levels.

Elevated plasma levels of homocys-
teine have been positively associated
with CVD in some studies of people
with diabetes.87,88 Hhcys is also associ-
ated with increased incidence of
nephropathy, decreased renal func-

tion,87,88,90 and other microvascular
complications of diabetes.88,90,91

Others have found no association
between homocysteine levels and
CVD,90,91 retinopathy,90 and indices of
renal function92 or neuropathy.87

It has not been determined whether
the presence of Hhcys precedes or fol-
lows the development of these condi-
tions, although impairment of renal
function clearly contributes to Hhcys.
Elevated homocysteine levels in dia-
betes have also been associated with
menopausal status, increased body
mass index, smoking, and age.

In people without diabetes, there is
an inverse correlation between serum
folate and homocysteine levels, even
in subjects with adequate nutrition.81

In diabetes, serum folate and homo-
cysteine levels have been found to be
inversely correlated in some,87,90 but
not all,89 studies. Serum B12 levels90

are also inversely correlated with
homocysteine levels, and serum pyri-
doxal 5’phosphate (B6) is inversely
correlated with post-methionine-load
homocysteine levels.

In patients with diabetes and
Hhcys, increased folate intake
decreases and in some cases normal-
izes serum homocysteine levels85,93 A
meta-analysis found that treatment
with 0.5–5 mg/day of folic acid low-
ers homocysteine levels by 15–40%
within 6 weeks.94 Others have esti-
mated that decreasing homocysteine
levels by 5 �mol/l may reduce cardio-
vascular death by 10%.95 It is not
known if supplementation is effective
in prevention or treatment of micro-
and macrovascular complications
associated with Hhcys. 

When evaluating research in this
area, one should pay particular atten-
tion to the folate, B12, and B6 status of
subjects; dose and form of folate
used; effects of supplementation on
folate and homocysteine levels; sub-
jects’ age, type of diabetes, use of
biguanides, duration of diabetes,
menopausal status, weight, and
glycemic control; presence of
impaired renal function or hyperfil-
tration; and length of supplementa-
tion, with more than 4 weeks and
possibly up to 3 months necessary for
full effects. The impact of ethnicity
and methylenetetrahydrofolate reduc-
tase (MTHFR) gene mutation inci-
dence could also affect results.
(MTHFR is an enzyme essential for
the metabolism of folate and is
important in the metabolism of
homocysteine. A common mutation

in the MTHFR gene is associated
with Hhcys in homozygous subjects.) 

Side effects and contraindications.
Doses of folate ≤15 mg/day have not
been associated with adverse effects
in healthy adults.4 However, folate
supplementation may mask the ane-
mia associated with B12 deficiency
and result in permanent nerve dam-
age.1 High-dose folate supplements
may also interfere with anticonvul-
sant medications.1 High-dose B6 sup-
plements are not recommended as a
treatment for neuropathy; in fact,
toxicity symptoms include neuropa-
thy.2

Clinical application. Long-term
trials are needed to determine the
effects of folic acid on micro- and
macrovascular complications, both
early and late in the disease process.
Early research suggests that folate
supplements decrease Hhcys levels
and may be beneficial in the preven-
tion and management of vascular
complications in diabetes. Folic acid
supplements are recommended for all
women of childbearing age.

The primary risk of supplementa-
tion relates to the potential for undi-
agnosed B12 deficiency. Since impaired
B12 absorption is estimated to occur in
10–30% of people over the age of 50,
assessment of B12 status in patients
with peripheral neuropathy is pru-
dent. In elderly people with achlorhy-
dria, synthetic forms of oral B12 sup-
plements are better absorbed than
food-bound B12 and are therefore pre-
ferred. The use of biguanides may
decrease folate and B12 absorption. 

All patients with diabetes should
be encouraged to consume adequate
quantities of dietary folate, B12, and
B6 and to modify factors such as
alcohol intake and smoking, which
increase homocysteine levels. All
“enriched” cereal grain products
(rice, flour, breakfast cereals, pasta,
bread) in the United States have been
fortified with folic acid since 1998.
Good dietary sources of folate
include fortified grain and cereal
products, spinach, orange juice,
strawberries, and peanuts.4 Good
dietary sources of B12 are animal
products, and good sources of B6

include whole grains, animal prod-
ucts, and legumes.4

SUMMARY
As health care providers interested in
promoting the optimal health of peo-
ple with diabetes, we need to act as an
unbiased resource on the numerous



146
Diabetes Spectrum    Volume 14, Number 3, 2001

treatments available to our patients.
We need to be open to new treatment
regimens while also serving as careful
watchdogs for ineffective or danger-
ous therapies. Above all, we need to
encourage our patients’ involvement
in and ownership of their diabetes,
and help them to focus their efforts
where they are likely to receive the
greatest benefits. In the future, this
will likely include nutritional supple-
ments for people whom research has
identified as having the genetic or clin-
ical potential to benefit from them.
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