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BREAST can-
cer is the
most com-

mon form of
cancer among
American women,
with as many as 175
thousand new cases
of invasive disease diagnosed annually.
According to the American Cancer
Society, breast cancer is the second
leading cause of cancer deaths in
women, after lung cancer, accounting
for nearly 45 thousand deaths in the
U.S. each year. Although the causes of
breast cancer are not known with cer-
tainty, epidemiologic studies have
shown that several factors increase a
woman’s risk of developing the dis-
ease, including older age, a family
history of breast cancer, early onset of
menstruation, late menopause, alcohol
use, and long-term use of estrogen-
replacement therapy. Although early
reports suggested a direct association
between breast cancer risk and dietary
intake of fat, subsequent studies using
more powerful research designs failed
to confirm these findings. Most nutri-
tionists now agree that fat intake, per
se, does not substantially influence
breast cancer risk, although adult
weight gain, which is related to exces-
sive intake of fat and other energy
nutrients, may be involved.1

Antioxidant Vitamins

Recent research attention has focused
on the association between breast
cancer risk and vitamin status, includ-
ing vitamins C, E, and A, and the caro-
tenoids, a family of vitamin A–like
plant pigments that includes beta-
carotene, lycopene, and lutein. These
nutrients serve predominantly as

cellular anti-
oxidants,
neutralizing
free radicals
and other
high-energy
oxygen com-
pounds that

have been linked to DNA damage and
genetic mutations—important steps in
the development of cancer. Several
small epidemiologic studies have
reported inverse relations between
breast cancer risk and tissue2 and
plasma concentrations of beta-caro-
tene3 and lycopene.4 A similar protec-
tive effect of beta-carotene was
reported in a larger case-control
study of Greek women, 5 although the
reduction in risk was only evident
among women who were premeno-
pausal when their breast cancer was
diagnosed.

Another recent, large epidemiologic
study6 also suggests that the protective
effects of antioxidant vitamins may oc-
cur in subgroups of women. Researchers
at the Harvard School of Public Health
used data from over 83 thousand partici-
pants in the Nurses’ Health Study, a pro-
spective cohort study begun in 1976.
After adjusting for other risk factors, they
found that intakes of beta-carotene,
vitamin A, and lutein each were associ-
ated with a 20% reduction in the risk of
breast cancer among premenopausal but
not postmenopausal women. Among
premenopausal women, dietary intakes
of carotenoids and vitamins A and C
were associated with 60% reductions in
breast cancer risk among women with a
positive family history of breast cancer
but not those without a family history.
Similarly, when premenopausal women
were grouped according to alcohol

Continued on page 7

intake, increased consumption of caro-
tenoids was associated with more than a
40% reduction in breast cancer risk
among women who consumed at least
15 g/day of alcohol but had little protec-
tive effect among those with lower alco-
hol intakes. These findings suggest that
antioxidant nutrients may help to attenu-
ate the elevated risk of breast cancer
observed in women who routinely con-
sume alcohol and those with a positive
family history of the disease but that they
have only minor protective effects
among postmenopausal women and
those without these other risk factors.
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Plasma Lycopene Levels
and Prostate Cancer

PROSTATE cancer is a common
form of cancer in men, with
more than 2.6 million cases and

34 thousand deaths reported in the
U.S. each year. Because population
studies have found that the occurrence
of prostate cancer varies widely by
both geographic region and ethnicity,
researchers have speculated that di-
etary factors, such as vitamins, may
play a role in its development. We
have previously reported that supple-
mental vitamin E reduces prostate
cancer incidence and deaths among
smokers (see VitaminNews, Vol. V,
No. 3). Moreover, a recent large pro-
spective study found an inverse rela-
tion between prostate cancer risk
—particularly aggressive cancer—and
dietary intake of lycopene, a plant
component similar to beta-carotene
that occurs in highest concentrations
in tomato products. Lycopene is a
powerful antioxidant and scavenger of
free radicals, and, unlike beta-caro-
tene, it is not converted to vitamin A.
The mechanisms through which
lycopene confers protection against
prostate cancer are not known with
certainty, although both its antioxidant
properties and its ability to influence
cell-cell communication have been
implicated.

To further explore the relation be-
tween lycopene and prostate cancer risk,
researchers at Northwestern University
Medical School, in Chicago, and Harvard
University, in Boston, conducted a nested
case-control study using data from the
Physicians’ Health Study. This random-
ized, double-blind, placebo-controlled
trial of aspirin and beta-carotene was
begun in 1982 and includes data on over
22 thousand male physicians in the U.S..
For the present analysis, cases were the
578 men who reported a diagnosis of
prostate cancer over the years of follow-
up, and controls were 1,294 men,
matched to cases by age and smoking
status, without a history of prostate can-
cer. Because previous studies have

shown that aggressive prostate cancer
may have different risk factors than
those associated with less aggressive
disease, a subset of 259 cases with more
aggressive disease was identified for
additional comparisons. Plasma concen-
trations of vitamins A and E, lycopene,
and other carotenoids were determined
in blood samples obtained several years
earlier, at the time of enrollment, and
were divided into five equal groupings,
or quintiles, ranging from the lowest to
the highest concentrations.

Plasma lycopene levels were signifi-
cantly lower in case subjects than in
controls (369 vs. 388 ng/mL) and were
even lower in men with aggressive dis-
ease (356 ng/mL). The odds of develop-
ing prostate cancer were 25% lower
among men in the highest quintile of
plasma lycopene compared to those in
the lowest quintile, and this protective
effect was even more marked among
men with aggressive disease, for whom
high plasma lycopene was associated
with a significant 45% reduction in the
odds of cancer. Although a 35% reduc-
tion in the odds of aggressive prostate
cancer was observed for men in the
highest quintile of plasma vitamin E,
this effect was not statistically signifi-
cant. No other significant protective
effects were observed for retinol (vita-
min A) or for the other carotenoids.

In this observational study, high
plasma levels of lycopene were associ-
ated with reduced risk of prostate can-
cer, particularly aggressive cancer.
Long-term clinical trials are needed to
confirm that lycopene, and not some
other compound associated with it, is
responsible for this protective effect.
Until then, these results provide further
evidence in support of diets rich in fruits
and vegetables.

Reference

Gunn PH, Ma J, Giovannucci E, et al. Lower
prostate cancer risk in men with elevated
plasma lycopene levels: results of a
prospective analysis. Cancer Res
1999;59:1225–30.
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Vitamins E and C Help
Preserve Lung Function
Following Ozone Exposure

OZONE is a high-energy form of
oxygen that is produced when
sunlight reacts with volatile

organic compounds and nitrogen
oxides in the atmosphere. Because of
its chemical structure, ozone is a
powerful oxidizing agent, capable of
damaging body tissues directly and
generating free radicals, which can, in
turn, lead to further tissue damage.
Acute exposure to environmental
ozone reduces lung function and can
trigger ear, nose, and throat irritation,
coughing, shortness of breath, head-
ache, chest tightness, and asthma at-
tacks. Because ozone levels are
highest in the late afternoon, persons
who exercise outdoors at this time of
day, breathing air deeply into their
lungs, are especially vulnerable to the
respiratory effects of ozone exposure.
The results of several studies have
suggested that antioxidant vitamins,
such as vitamins E and C, may help
protect against the effects of ozone
exposure. The findings from these
studies have been difficult to compare,
however, since the subjects in the
various trials were exposed to differ-
ent levels of ozone, all of which were
generally much higher than ozone
concentrations typically found in am-
bient air.

To determine the effect of supplemen-
tal antioxidants on lung function in per-
sons exposed to low levels of ozone,
researchers at Wageningen Agricultural
University, in The Netherlands, con-
ducted a double-blind, placebo-con-
trolled trial among 38 nonsmoking men
and women cyclists, aged 16 to 59 years.
Twenty persons were randomly assigned
to receive a daily dose of 500 mg vitamin
C and 100 mg vitamin E, and 18 persons
received an identical-looking placebo.
Plasma concentrations of vitamins E and
C were determined at baseline and at the
end of the 15-week supplementation
trial. For each subject, lung function was
assessed on several occasions both

before and immediately after outdoor
cycling by measuring the forced expira-
tory volume in one second (FEV1)
and the forced vital capacity (FVC).
Throughout the study period, daily con-
centrations of ozone in the cycling re-
gion were obtained from a nearby
environmental monitoring station.

Exposure to relatively low concentra-
tions of ozone was associated with re-
duced postexercise FEV1 and FVC in all
cyclists, confirming earlier reports that
acute ozone exposure negatively affects
lung function. Supplementation with
vitamins E and C, however, significantly
reduced the degree to which lung func-
tion was affected by ozone exposure. For

instance, exposure to ozone at a concen-
tration of 100 µg/m3 reduced FEV1 by 95
mL (about 2%) in the placebo group
compared to only 1 mL in the supple-
mented group. Similarly, FVC following
ozone exposure was reduced by 125 mL
(about 1.5%) in the placebo group com-
pared to just 42 mL in those receiving
antioxidant supplements (Figure 1).

Fig. 1. Decrease in Lung Function
Associated with Ozone
Exposure (100 µµµµµg/m 3)

Supplemental Vitamin E
May Reduce Diabetic
Complications

INSULIN-dependent diabetes melli-
tus (IDDM), also known as juve-
nile or type I diabetes, is an endo-

crine disorder that occurs when the
body’s immune system attacks special
cells in the pancreas, destroying their
ability to produce the hormone insu-
lin. Without adequate insulin, glucose
(blood sugar) cannot enter the cells,
resulting in elevated blood glucose
levels (hyperglycemia). According to
recent estimates, this form of diabetes,
which occurs most commonly in lean
persons, usually under age 30, affects
as many as one million persons in the
U.S. In addition to the immediate risks
associated with IDDM, such as dia-
betic coma, persons with the disease
also are at greater risk for vascular
complications, including blindness
and kidney disease. Recent studies
have linked these conditions to hyper-
glycemia, which is thought to increase
oxidative stress in blood vessels and
diminish their ability to dilate, thereby
robbing these tissues of the oxygen
and nutrients they require and lead-
ing, ultimately, to permanent tissue
damage.

Continued on page 6

These findings indicate that supple-
mentation with vitamins C and E at
levels about ten times the RDA helps to
prevent mild reductions in lung function
in healthy exercising persons exposed to
relatively low levels of ozone. Persons
who routinely exercise outdoors may
benefit from supplementation with these
vitamins. Additional studies are needed
to determine whether these vitamins can
also preserve lung function following
exposure to higher levels of ozone or
among persons with chronic respiratory
diseases, such as asthma.

Reference

Grievink L, Zijlstra AG, Ke X, Brunekreef B.
Double-blind intervention trial on modulation of
ozone effects on pulmonary function by
antioxidant supplements. Am J Epidemiol
1999;149:306–14.
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Vitamin C May Help
Prevent Lead Toxicity

LEAD toxicity is a serious public
health problem in the U.S. and
throughout the world. Based on

national health surveys and data pro-
vided by the Environmental Protection
Agency, in 1988 as many as 40 million
U.S. children under age seven were
exposed to potentially toxic levels of
lead from various environmental
sources. Up to 85% of lead exposure is
related to ingestion of lead-containing

materials, such as lead paint and con-
taminated drinking water, dust and
soil, with the remainder resulting from
inhalation of lead-containing particles
and fumes. Although children are
more likely to be exposed to lead and
are more vulnerable to the effects of
lead toxicity, adults also are at risk.
Numerous studies have shown that
cigarette smoking or exposure to sec-
ond-hand smoke is an important route
of lead exposure among adults, result-
ing in elevated blood lead concentra-
tions. Left untreated, chronic lead
toxicity can produce serious irrevers-
ible effects, such as cognitive deficits
in children and progressive renal dis-
ease in adults.

Evidence from two recent population
studies suggests that vitamin C may help
to protect against lead toxicity. In the
Normative Aging Study,1 conducted in

1991–1995 among 747 men aged 49 to
93 years, blood lead levels were 1.7 mg/
dL higher among men in the lowest
quintile (fifth) of dietary vitamin C in-
take (<109 mg/day) compared to those
in the highest quintile (339 mg/day or
more). The second study utilized data
collected during the Third National
Health and Nutrition Examination Sur-
vey (NHANES III), a cross-sectional
sample of over 4,000 youths aged 6 to 16
years and over 15 thousand adults over
age 16, conducted in 1988–1994. In an
analysis by researchers at the University

of California at San Francisco,2 the odds
of elevated blood lead levels were nine
times greater among youths with low
serum levels of vitamin C compared to
those with the highest vitamin C levels.
In adults, the prevalence of elevated
blood lead levels was about 65% lower
among those in the two highest tertiles
(thirds) of serum vitamin C compared to
those in the lowest tertile.

These epidemiologic studies provide
evidence of an association between
blood lead levels and dietary intake or
serum levels of vitamin C. However,
intervention studies are necessary to
show that vitamin C actually causes
reduced blood concentrations of lead.
Researchers at the University of Texas
Medical Branch at Galveston3 conducted
a vitamin C supplementation trial among
75 male smokers, aged 20 to 30 years.
The subjects were randomly assigned to

one of three treatment groups: placebo,
200 mg/day vitamin C, or 1000 mg/day
vitamin C. Vitamin C and lead concen-
trations were determined in blood and
urine samples obtained at baseline and
weekly throughout the four-week supple-
mentation period.

Although serum vitamin C levels
were similar among the three groups at
baseline and did not change over the
course of the study in the placebo group,
by week 1 they had increased signifi-
cantly in both supplemented groups and
had more than doubled in these groups

by the end of the trial.
Interestingly, serum vita-
min C levels at week 4
were similar in both
supplemented groups,
suggesting that tissues
were essentially “satu-
rated” with vitamin C at
the 200 mg/day dose (Fig-
ure 2). Although urinary
excretion of vitamin C
increased significantly in
the supplemented groups
over the study period,
urinary lead concentra-
tions remained similar to
baseline levels in all three
experimental groups.

Blood lead levels were unchanged from
baseline in both the placebo group and
those receiving 200 mg/day of vitamin C.
However, in the group receiving 1000
mg/day of vitamin C, blood lead levels
were significantly lower than baseline by
week 1, and they remained extremely
low in this group throughout the supple-
mentation period (Figure 2).

In this study, daily supplementation
with high doses of vitamin C (more than
16 times the RDA) rapidly reduced
blood lead to nearly undetectable levels
in young men who smoked. These find-
ings are important for several reasons.
First, they support data provided by
epidemiologic studies and suggest that
high intakes of vitamin C actually cause
reductions in blood lead. Second, they
suggest that among persons who smoke
cigarettes, intakes of vitamin C in excess
of 200 mg/day are necessary to

Fig. 2. Serum Vitamin C and Whole-Blood Lead Concentration after Vitamin C Supplementation
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significantly influence blood lead levels.
Finally, because urinary lead concentra-
tions did not change in response to
supplemental vitamin C, these findings
suggest that vitamin C influences blood
lead levels by reducing intestinal absorp-
tion of lead rather than by increasing
urinary losses of the metal. Additional
intervention trials are needed to deter-
mine the lowest effective dose of vitamin
C and to determine the efficacy of
supplemental vitamin C among children
and persons suffering from greater lead
exposures.

References

1. Cheng Y, Willett WC, Schwartz J, Sparrow
D, Weiss S, Hu H. Relation of nutrition to bone
lead and blood lead levels in middle-aged to
elderly men. The Normative Aging Study. Am J
Epidemiol 1998;147:1162–74.

2. Simon JA, Hudes ES. Relationship of
ascorbic acid to blood lead levels. JAMA
1999;281:2289–93.

3. Dawson EB, Evans DR, Harris WA, Teter
MC, McGanity WJ. The effect of ascorbic acid
supplementation on the blood lead levels of
smokers. J Am Coll Nutr 1999;18:166–70.

Elevated Homocysteine
and the Risk of Stroke

OVER three million strokes oc-
cur among persons in the U.S.
each year. Although more

common in older persons, strokes can
occur at any age. The most common
cause of stroke in the U.S. is athero-
sclerosis, the accumulation of fatty
plaques along arterial walls. When
arteries within the brain become nar-
rowed by atherosclerosis, small clots
can become lodged, blocking blood
flow to the brain and resulting in neu-
rologic damage. Although some
strokes are very mild and many per-
sons recover full function, strokes
remain a major cause of death and
disability.

Recent studies have linked elevated
blood levels of the amino acid homocys-
teine to increased risk of vascular dis-
eases, including heart disease and
stroke. Homocysteine is a by-product of
protein metabolism that accumulates in
the blood as a result of genetic

abnormalities or inadequate dietary
intakes of folic acid and/or vitamins B12

and B6. Homocysteine is thought to in-
crease the risk of stroke by contributing
to the development of atherosclerosis
and high blood pressure as well as by
altering blood clotting mechanisms (see
article on supplemental vitamin C and
heart disease, this issue).

Although elevated homocysteine
appears to be an independent risk factor
for stroke among older white men, rela-
tively little information has been avail-
able on its potential role in more diverse
populations. However, in a recent epide-
miologic study,1 researchers at the Cen-
ters for Disease Control and Prevention,
in Atlanta, analyzed data from the Third
National Health and Nutrition Examina-
tion Survey (NHANES III). This study,
conducted between 1988 and 1994, was
designed to estimate the prevalence of
various chronic conditions among a
nationally representative sample of the
U.S. population. The study sample for
the current analysis included 4,534 per-
sons over age 35 for whom serum ho-
mocysteine measurements were
available. Among these, a total of 185
non-fatal strokes were reported.

When serum homocysteine concen-
trations were divided into four group-
ings, or quartiles, ranging from the
lowest to the highest levels, the odds of
suffering a stroke were 250% greater for
white persons in the highest quartile of
homocysteine compared to those in the
lowest quartile. Among African-Ameri-
cans, the odds of stroke were 40%
greater among persons in the highest
versus the lowest homocysteine quartile.

A second population-based investiga-
tion,2 conducted by researchers at the
University of Maryland at Baltimore,
examined the association between el-
evated homocysteine and the risk of
stroke in young women. The study cases
were 167 women, aged 15 to 44 years,
who were diagnosed with a cerebral
infarction (stroke) at one of 59 hospitals
within the study area. Control subjects
were 328 women without a history of
stroke, matched to cases by age and area
of residence. Plasma homocysteine

concentrations were determined in
nonfasting blood samples, and informa-
tion regarding health and lifestyle factors
known to influence the risk of stroke was
collected through interviews.

In general, stroke cases were signifi-
cantly more likely than control subjects
to be black, to live below the poverty
line, to smoke cigarettes, and not to use
vitamin supplements. When the risk of
suffering a stroke was compared across
levels of plasma homocysteine, the odds
of a stroke were twice as great among
those whose homocysteine levels were
in the upper two-fifths of the distribution
compared to those in the lowest fifth,
regardless of race. Even after adjusting
for poverty status, vitamin use, and ciga-
rette use, elevated homocysteine levels
remained associated with a 60% increase
in the risk of stroke.

A third study,3 by researchers at the
University Hospital of Umeå, Sweden,
examined the association between ho-
mocysteine and stroke in young adults.
Study cases were 50 men and 30 women,
aged 18 to 44 years, and control subjects
were 41 men and women of similar age.
Plasma levels of homocysteine were
determined in fasting blood samples. In
addition, homocysteine levels also were
assessed four hours following a single
dose of the amino acid methionine
(100 mg/kg body weight), the metabolic
precursor of homocysteine. This tech-
nique, known as a methionine load test,
is used to identify persons with abnor-
mal homocysteine metabolism with
greater sensitivity.

Unlike the previous two studies, in
this study fasting homocysteine levels
were similar in case and control sub-
jects. However, the increase in plasma
homocysteine following the methionine
load was significantly greater among
cases than controls. After adjusting for
potentially confounding factors, includ-
ing age and gender, this difference in the
postload increase in homocysteine was
associated with nearly a fivefold increase
in the risk of stroke.

Taken together, the results of these
three studies suggest that elevated

Continued on page 8
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Vitaimin E and Diabetes
Continued from page 3

In the last issue of VitaminNews (Vol.
VI, No. 3), we reported the results of a
Finnish population study which sug-
gested that poor vitamin E status in-
creases the risk of IDDM. Now a
double-blind, placebo-controlled study
by researchers at Harvard Medical
School has shown that high doses of
vitamin E may help to prevent the risk of
visual and renal complications in per-
sons with IDDM. For the current study,
36 persons who had IDDM for less than
10 years and 9 nondiabetic subjects were
enrolled. All participants were 18 to 44
years of age. At baseline, blood flow in
the retina of the eye was determined by
injecting a dye into an arm vein and
monitoring passage of the dye through
the retina. Kidney function was assessed
by measuring renal excretion of creati-
nine (a by-product of muscle protein
metabolism) in overnight urine samples.
Subjects were then randomly assigned to
receive either a placebo or an oral
supplement containing 1800 IU vitamin
E/day. After four months, kidney function
and retinal blood flow were reassessed,
and subjects were crossed over to the
alternative treatment for another four
months. Retinal blood flow and kidney
function were assessed a final time at the
end of the study.

At baseline, retinal blood flow was
significantly lower in diabetic subjects

than in controls.
Although retinal
blood flow was
unchanged in
diabetic persons
following placebo
treatment, it im-
proved by nearly
20% following
treatment with
vitamin E, reach-
ing levels similar
to those in non-
diabetic persons.
Improvement in
retinal blood flow

was most pronounced among those
diabetic persons with the lowest baseline
values. Retinal blood flow in control
subjects was virtually unchanged by
vitamin E supplementation (Figure 3).
Creatinine clearance at baseline was
significantly greater among diabetic
subjects than controls, indicating renal
hyperfiltration. Following vitamin E
treatment, however, creatinine clearance
was 10% lower than baseline levels
among diabetics and, again, was similar
to baseline levels in nondiabetics. Vita-
min E treatment had no effect on creati-
nine clearance among nondiabetic
control subjects.

These findings suggest that long-term
supplementation with high doses of
vitamin E help to normalize kidney
function and retinal blood flow in per-
sons with IDDM. The authors caution,
however, that “the results of the current
study should not be misconstrued as an
indication for the widespread use of
vitamin E for the treatment of diabetic
retinopathy.” Additional clinical trials
are needed to determine whether this
extremely high dose of vitamin E is
necessary to produce these beneficial
effects and whether use of vitamin E in a
medical context translates into reduced
risk of diabetic complications.

Reference

Bursell S-E, Clermont AC, Aiello LP, et al. High-
dose vitamin E supplementation normalizes
retinal blood flow and creatinine clearance in
patients with type I diabetes. Diabetes Care
1999; 22:1245–51.

Supplemental Vitamin C
and Heart Disease

CORONARY artery disease
(CAD) occurs when fatty
plaques accumulate in the

walls of the large and medium-sized
arteries of the heart, restricting the
flow of nutrient-rich blood to the heart
muscle. The major consequences of
CAD include angina (chest pain),
myocardial infarction (MI or heart
attack), and sudden death. In the U.S.,
CAD and other cardiovascular dis-
eases remain the leading cause of
death among both men and women,
accounting for nearly one million
deaths each year.

In addition to the build-up of fatty
plaques, CAD also is characterized by
impaired activity of endothelium-
derived nitric oxide (NO). This powerful
compound is produced in the cells of
blood vessels in response to other
chemical signals. Recent research indi-
cates that NO helps to regulate arterial
contraction and dilation as well as the
activity of platelets, the cell-like struc-
tures involved in clot formation. Al-
though the cause of impaired NO
activity in persons with CAD is not
known with certainty, some studies have
suggested that increased vascular pro-
duction of prooxidants, such as superox-
ide anion, may play a role. The link
between oxidative stress and impaired
NO activity is supported by numerous
studies showing that short-term adminis-
tration of high doses of vitamin C, an
antioxidant nutrient, improves vasodila-
tion in the arteries of the heart and
forearm.

Other evidence has implicated high
blood levels of the amino acid homocys-
teine in the development of atheroscle-
rosis (fatty plaques). Elevated homocys-
teine occurs in response to inadequate
dietary intake of folic acid and/or vita-
mins B12 and B6 or as a result of genetic
mutations. Numerous population studies
have shown that high homocysteine
levels are an independent risk factor for
vascular diseases, including CAD and
stroke (see article on homocysteine and

Fig. 3. Improved Retinal Blood Flow Following Vitamin E Treatment
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Vitamins &and Breast Caner
Continued from page 1

stroke in this issue of VitaminNews).
Researchers speculate that homocysteine
contributes to the development of fatty
plaques through several mechanisms,
including directly damaging vessel walls,
increasing oxidation of LDL (i.e. “bad”)
cholesterol, and promoting clot forma-
tion. Moreover, recent evidence suggests
that elevated homocysteine also may
influence NO activity, possibly by in-
creasing oxidative stress, which would
further increase the risk of CAD by inter-
fering with vasodilation.

Two recent clinical trials have ad-
dressed the role of oxidative stress in the
blood vessel dilation abnormalities
observed in CAD. The first study, by
researchers at Boston University School
of Medicine,1 determined the effects of
both short- and long-term treatment with
vitamin C on blood flow in the brachial
(forearm) artery. A total of 46 men and

Continued on page 8

Folic Acid and Vitamin B 12

Evidence from laboratory and animal
studies suggests that folic acid and
vitamin B12 may play a role in the de-
velopment of cancer, including breast
cancer. Both B vitamins are involved in
the synthesis of nucleotides, the build-
ing blocks of DNA. Dietary deficien-
cies can lead to impaired synthesis
and repair of DNA, which could in-
crease the risk of genetic mutations.
In addition, both vitamins also are
necessary for a process known as DNA
methylation, an important step in
converting gene-encoded messages
into body proteins. Low intakes of
folic acid have been linked to colon
cancer, but until very recently there
was little evidence that either vitamin
influenced the risk of breast cancer.

In a second analysis of data from the
Nurses’ Health Study,7 Harvard research-
ers found no association between folate
intake and overall risk of breast cancer.
However, when the analysis was sepa-
rated according to alcohol intake (less

than 15 g/day versus 15 g/day or more),
increased consumption of folic acid was
associated with a 45% lower risk of
breast cancer among women with higher
alcohol intake but had no effect on risk
among women with lower alcohol con-
sumption. As was true for antioxidant
vitamins, these findings suggest that high
intakes of folic acid may help to reduce
the excess risk of breast cancer associ-
ated with alcohol intake.

Other evidence8 suggests that vitamin
B12 may help protect against breast can-
cer. In a case-control study by research-
ers at the Johns Hopkins University
School of Hygiene and Public Health,
vitamin B12 levels were significantly
lower among cases than controls. More-
over, the odds of developing breast can-
cer were two-and-a-half times greater
among women in the lowest vitamin B12

quintile (fifth) compared to those in the
highest. When the analysis was restricted
to women who were postmenopausal
both at the time of blood donation and
breast cancer diagnosis, those in the
lowest vitamin B12 quintile were four
times more likely to develop breast
cancer than those in the highest quintile.

Vitamin D

Although vitamin D is commonly as-
sociated with bone health, researchers
now know that it also plays an impor-
tant role in cell differentiation—the
process through which cells develop
their specialized functions. Unlike
normal cells, cancerous cells grow
without differentiating. Previous stud-
ies have shown that death rates from
breast cancer are higher in northern
latitudes and are inversely related to
sun exposure. Because vitamin D is
synthesized in the skin upon exposure
to ultraviolet radiation, researchers
have speculated that vitamin D status
may influence breast cancer risk. In an
analysis of data from the first National
Health and Nutrition Examination
Survey, a large population-based
study, John et al.9 found that the risk of
breast cancer was 64% lower among
women with high sun exposure and
vitamin D intakes of at least 200 IU/

day compared to those with little
sun exposure and lower vitamin D
intakes.

Conclusions

Data from epidemiologic studies
suggest that vitamin status may
influence a woman’s risk of devel-
oping breast cancer, particularly
among premenopausal women and
those who consume alcohol. Be-
cause most risk factors associated
with breast cancer, such as age and
family history, cannot be altered,
efforts to reduce breast cancer risk
should focus on lifestyle modifica-
tions, including increased intake of
vitamins.
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Fig. 4. Supplemental Vitamin C
and Heart Disease

homocysteine is an independent risk
factor for stroke among blacks as well as
whites, among women as well as men,
and among young persons as well as old.
Additional studies are needed to deter-
mine whether long-term supplementa-
tion with folic acid and other B vitamins,
which has been shown to reduce plasma
homocysteine levels, can reduce the risk
of stroke in these populations.
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women, mostly in their mid-50s, were
randomly assigned to receive either pla-
cebo or vitamin C. All participants had
documented CAD, but persons who re-
ported recent use of antioxidant vita-
mins and those whose cardiac status
was considered unstable were excluded
from the study. Baseline measurements
of flow-mediated dilation of the bra-
chial artery were determined using ul-
trasound imaging. Subjects then received
placebo or an oral supplement contain-
ing 2000 mg of vitamin C, and two hours
later the short-term effects of vitamin C
were determined by reassessing arterial
dilation. Subjects assigned to vitamin C
treatment were then provided with daily
supplements containing 500 mg vita-
min C, and the long-term effects of supple-
mentation were assessed 30 days later.

Flow-mediated brachial artery dilation
was unchanged following both short- and
long-term treatment with placebo. How-
ever, dilation increased from an average
baseline level of 6.6% up to 10.1% after
short-term treatment with 2000 mg vita-
min C. After 30 days of vitamin C supple-
mentation, dilation remained significantly
improved from baseline at 9.0%. The ben-
eficial effects of vitamin C were particu-
larly evident in a subset of participants
whose baseline dilation was less than 10%.
These findings indicate that short-term
treatment with supplemental vitamin C
improves flow-mediated vasodilation in
persons with CAD and that this effect is
sustained following long-term vitamin C
supplementation.

The second study,2 conducted by re-
searchers at the Imperial College School of
Medicine in London, assessed the effects
of elevated homocysteine and vitamin C
supplementation on vasodilation in 17
healthy men and women, aged 21 to 59
years. Elevated homocysteine was induced
in study subjects by oral administration of
the amino acid methionine, which is the
metabolic precursor of homocysteine.
Flow-mediated brachial artery dilation and
plasma homocysteine concentrations were
determined at baseline (fasting) and at two

and four hours after treatment with either
1) oral methionine only (100 mg/kg body
weight), 2) oral methionine preceded by
vitamin C (1000 mg/day for 1 week), or 3)
placebo. The three treatments were ad-
ministered in random order on separate
days, at least two weeks apart, and in-
cluded all 17 subjects.

As expected, plasma homocysteine lev-
els increased significantly from baseline

levels following oral administration of me-
thionine alone or methionine and vitamin
C but were unaffected by placebo treat-
ment. Following treatment with methion-
ine only, flow-mediated dilation was
significantly lower than baseline levels at
both two and four hours, indicating that
elevated levels of homocysteine do con-
tribute to reduced vessel function. How-
ever, this reduction in flow-mediated
dilation was prevented when vitamin C
was provided in addition to methionine

(Figure 4). These findings suggest that,
even though vitamin C supplements do
not directly influence plasma levels of ho-
mocysteine, they may prevent some of the
detrimental vascular effects associated with
elevated homocysteine.

Although both of these studies used
relatively few subjects, their results are
important because they provide further
evidence that oxidative stress interferes
with normal blood vessel function and that
normal function can be at least partly re-
stored by provision of supplemental vita-
min C. Larger clinical trials are needed to
establish the optimal dose of vitamin C
needed to produce these beneficial effects.
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