Cardiovascular Effects of Vitamins:
Are They Really “Amines” of Life?

Vitamins are organic molecules not synthesized by the human body but are required for
carrying out essential biochemical reactions. The fact that vitamin deficiency causes illness, along
with the belief that an excess of the water-soluble vitamins is harmless, has encouraged their over-
consumption in the last several decades. This literature review will discuss several of the main
prospective studies that were published in the last few years regarding vitamin E, folic acid and vit-
amins B6 and B12 and their influence on our treatment policy.
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Sophie’s routine check-up

Sophie, 57, comes to your
office for primary prevention.
She has Type 2 diabetes and
a strong family history of
cardiovascular disease
(CVD). She exercises several

times a week and follows a
healthy diet.

Her medications include:

e Metformin, 0.5 g, twice daily

e Ramipril, 10 mg, once daily

e Acetysalicylic acid, 81:mg, once daily
e Folic acid, 5 mg, once daily

e Vitamin B12, B6 and E, once daily

e A multivitamin tablet;-once daily

e An organic calcium supplement

She looks fit and is not overweight. Her general
physical examination is normal, but her blood
pressure (BP) is 140/84 mmHg.

Her blood work shows:
e Fasting blood glucose: 6.5 mmol/L
e HbA1c: 6.5% with normal kidney functions

Her lipid profile shows:

e Total cholesterol: 4.4 mmol/L

e | DL-cholesterol: 2.5 mmol/L

e HDL-cholesterol: 1.4 mmol/L

¢ Total cholesterol to HDL-cholesterol ratio: 3.2

Last year, her homocysteine (Hcy) level was

13.1 pmol/L, but'decreased to normal (which is
< 8 ymol/L) after supplementation with folic acid,
vitamin B6 and B12.

What would you tell her regarding.the
supplements?

Sophie is at'high risk-for developing CVD because
of her diabetes. You explain to her that according
to theeWomen’s Health Study,s vitamin E had no
benefit in the primary and secondary prevention of
CVD and might even be harmful.46& More recently,
several published studies have put into question
the value of other vitamins. The Vitamin Intervention
for Stroke Prevention study,’® Norwegian Vitamin
Trial2t and Heart Outcomes Prevention Evaluation-
TOO?2! study didn’t show any significant benefit to
taking Hey-lowering vitamins (i.e., folic acid and
vitamins B6 and B12). These studies also indicated
that there may even be harmful effects to taking
these supplements.

You congratulate Sophie on her healthy lifestyle but
ask her to add a low salt diet and to work towards
the BP goal of 130/85 mmHg. She should
discontinue taking vitamin E, as well as the Hcy-
lowering vitamins because she will not benefit from
taking them and there may be harmful effects.
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In 1912, Casimir Funk, a Polish biochemist,
created the word “vitamine.” Vita—in Latin—
means life, while the suffix amine was actually
biochemcally inaccurate.

This review will discuss several of the main
prospective studies that were published in the
last few years regarding vitamin E, folic acid
and vitamins B6 and B12 and their influence on
our treatment policy.

Vitamin E

Vitamin E is a fat-soluble antioxidant. The fact
that free radicals and other oxidative processes
can enhance the atherosclerotic progression has
led to intense retrospective and later, prospec-
tive investigations linking vitamin E to that
process.

Early on, epidemiologic studies (including
animal models) indicated an inverse relation
between vitamin E intake (dietary and/or sup-
plementary) and cardiovascular (CV) risk,
which consequently added to its extensive use.!
In 1997, up to 44% of US cardiologists report-
ed routine use of antioxidant supplements,
mainly vitamin E, for the primary prevention of
cardiovascular disease (CVD).2

Several randomized controlled trials (RCT)3-
and meta-analysis studies,s-8 published early in
this decade, did not support these epidemiolo-
gic reports.

In 2005, Mills et al® evaluated the potential
dose-dependent effect of vitamin E supplemen-
tation on all-cause mortality. They reviewed 19
trials that included almost 136,000 partici-
pants—most of whom were at high-risk for
CVD. No effect of vitamin E on all-cause mor-
tality was found. Analysis of the results, accord-
ing to vitamin E dosages, (where low is consid-
ered <400 IU and high is > 400 IU) revealed a
direct relation: all-cause mortality progressive-
ly increased as vitamin E dosage increased (or
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was > 150 IU), daily. A non-significant reduc-
tion of all cause mortality was found in dosages
< 150 IU, daily.

The risk ratios for selected vitamin E
dosages were:

* 0.98 for 50 IU,

* 0.99 for100 IU and 200 IU,

+ 1.01 for 200 TU

e up to 1.05 for 500 IU and

* 1.07 for a mega dosage of 1000 IU.

The Heart Outcomes Prevention Evaluation
(HOPE) trial,? published in 2000, didn’t find
any effect of vitamin E on CV outcomes. This
inlcudes:

« CVD,

e death,

 stroke and

* myocardial infarction [MI]

with a daily dosage of 400 U for an average use
of 4.5 years. More than 9,500 high-risk partici-
pants (with established CVD or diabetes and
another risk factor), older than 55 years of age,
were included in this double-blind RCT.

In the HOPE-TOO trial,# (an extension of the
first study) the authors assessed the effect of the
same daily dosage of vitamin E (400 IU) on the
same composite CVD end point and cancer for
a total period of seven years. No benefit of tak-
ing vitamin E in preventing major CV events
(or cancer) was found. Yet, a non-significant
increase in heart failure was found in the vita-
min E-treated group, along with evidence of
decreased left ventricular ejection fraction.
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In 2005, the Women’s Health Study (WHS)3
was conducted to verify the effect of vitamin E
on healthy women. Almost 40,000 healthy
women, > 45 years of age, were followed for an
average of 10 years. This RCT, in which the
women took 600 IU of vitamin E every other
day, or placebo every other day, did not reveal
any statistically significant benefits on the pri-
mary end points of major CV events or cancer.
A non-significant reduction in the number of
CVD events and CV deaths, which was mainly
attributed to fewer sudden deaths in the vitamin
E group, was seen.

No benefit to taking vitamin E supplements
was observed in a subgroup of women with
increased oxidative stress (i.e., smokers, women
with dyslipidemia, hypertension and diabetes).

The only significant reduction that was
found was in the number of major CV events
(MI and CV deaths) among the oldest group of
women (RR [relative risk] = 0.74), who were at
least 65 years of age when assigned to vitamin
E supplements. No effect on total mortality was
observed.

The Physicians’ Health Study results on vit-
amin E in healthy men are expected to be pub-
lished in 2008.

Conclusions regarding vitamin E

Taking vitamin E supplements revealed no sta-
tistical benefit in either healthy women or in
high-risk patients. Benefits were found only in
the subgroup of healthy women > 65 years of
age. Even this benefit must be balanced with
the concern about harmful CV effects, increase
in heart failure and all-cause mortality.

The 2004 American Heart Association
(AHA) Science Advisory® did not find any jus-
tification for the use of antioxidant vitamin sup-
plementation to reduce or prevent CVD risk in
women.?-10

Homocysteine-lowering
vitamins

Homocysteine (Hcy) is a sulphur-containing
amino acid that is not found in our diet. It is
closely related to the essential amino acid
methionine. Its role is in generating methyl
groups for the cells.

Hcy breaks down in the body by two path-
ways, which require either folate (B8) or vita-
mins B6 and B12 as cofactors (Figure 1).

Dietary intake of these three vitamins is the
main factor which determines blood-Hcy lev-
els.11.12 Changes in blood-Hcy levels could also
be secondary to many other factors, as shown in
Table 1.

Hcy levels increase throughout the lifecycle
seven to 10% every decade!3.!4 and levels are
about 10% higher in men than in women of the
same age.!! This difference diminishes post-
menopause.

Epidemiological and
retrospective studies

In 1969, McCully's was the first to suggest
that elevated levels of Hcy might be associated
with atherosclerosis. He based his theory on the
fact that while the estimated prevalence of
hyper-Hcy in the general population is between
five and seven per cent, it approaches 30% in
patients with coronary artery disease (CAD)
and ranges between 55% and 85% in cardiac
transplant patients.!5

Two big meta-analysis studies!s:!” supported
the “homocyst(e)ine theory of atherosclerosis,”
suggesting a strong, dose-dependent, positive
association between plasma-Hcy level and risk
for CVD, which is independent of other known
risk factors. Boushey!é concluded that 10% of
the total population's CAD risk appears attrib-
utable to total homocysteine (tHcy) levels.
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Figure 1. Simplified scheme of the homocysteine cycle.

Unfortunately, these two meta-analyses
relied mostly on data from epidemiologic,
cross-sectional and case-controlled studies,
while data from the prospective studies were
less consistent. As a result, Eikelboom!7 raised
some doubts and concluded that epidemiologic
observations of an association between Hcy and
CV risk do not confirm the existence of a causal
relation.

The Homocysteine Lowering Trialists’
Collaboration, in 199812 and 2002,!8 were able
to show that supplementation with folic acid
(0.5 mg to five milligrams daily) reduced
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blood-Hcy levels by 25%, while the addition of
vitamin B12 (0.5 mg daily) produced an addi-
tional seven per cent reduction. Supplementa-
tion with vitamin B6 (16.5 mg daily) had no sig-
nificant effect on Hey levels.!8

Most recent prospective studies

Several large prospective RCT’s were recently
published.!9-2! They tried to determine whether
lowering blood-Hcy concentrations reduces the
risk of CVD in high-risk populations with
established CVD.
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In the 2004 Vitamin Intervention for Stroke
Prevention (VISP) trial,! Toole failed to deter-
mine whether best medical and surgical
management, risk factor modification and a
multivitamin (containing high-dose folic acid,
vitamin B6 and B12) would reduce the inci-
dence of recurrent cerebral infarction. The
study also looked into coronary heart disease
(CHD) and death in patients with a non-dis-
abling cerebral infarction (and fasting tHcy lev-
els greater than the
25th percentile for
stroke patients).

The authors fol-
lowed 3,680 post-
stroke patients for
an average of two
years. Their primary
end points were:

e ischemic stroke,
* CHD events and
* death.

The treatment, which successfully decreased
the Hcy levels, had no effect on the outcome
measures of stroke, CHD events, or death.
Baseline tHcy was found to be an independent
predictor of the outcomes.

The Norwegian Vitamin (NORVIT) trial,2!
published in 2006, examined the potential ben-
efit of vitamin B therapy in 3,749 patients with
an acute MI. Patients were followed for five
years. Their primary end points were:

e recurrent MlI,

» stroke and

* sudden death attributed to CAD.

As expected, folic acid, plus vitamin B12 (but
not B6 alone), lowered the mean tHcy level by
27%. As in the Vitamin Intervention for Stroke
Prevention study, !9 neither treatment with folic
acid and B12 (with or without vitamin B6), was
associated with a significant benefit in the end
points.

of CVD.

F !cy—lowering vitamins
are not currently
indicated for the prevention

There was an unexpected trend toward an
increased risk (RR = 1.22) of the total number
of end points in the group treated with all three
vitamins. This combination therapy was
associated with a 30% increased risk of non-
fatal MI. Vitamin B6 therapy alone was associ-
ated with a 17% increased risk of MI. The base-
line level of tHcy was shown to be statistically
significant as a predictor of the primary end-
point; however, after the adjustment for the cre-
atinine level, it be-
came non-signifi-
cant.

The authors sug-
gested that such
treatment may pro-
mote atherothrom-
bosis, affect endo-
thelial function and
support cell growth through mechanisms that
are independent of Hcy.

The authors concluded that high-dose vita-
min B therapy should not be prescribed for the
secondary prevention of CVD.

In the HOPE-TOO trial,2! the largest study,
published in 2006, Lonn and her colleagues
were confronted with the same question of
whether prolonged administration of folic acid,
combined with vitamins B6 and B12, reduces
the risk of major vascular events in persons at
high CV risk. They followed 5,522 patients
with either vascular disease or diabetes, plus
one other risk factor for an average of five
years. As with the previous two studies, they
were able to demonstrate that even though the
baseline-Hcy level was a statistically signifi-
cant predictor of CV events and regardless of
the fact that the combination therapy success-
fully decreased its level, there were no signifi-
cant difference in the rates of death from CVD
and MI.
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Table 1

Causes for increased homocysteine levels

Chronic medical
disorders and
medical problems

e Renal failure e Malignant neoplasms & leukemia

e Hyperproliferative disorders e Severe psoriasis
e Hypothyroidism ¢ Diabetes
e Rheumatoid arthritis e Systemic lupus erythamatosus
e Acute-phase response to illness

e Cardiac and renal transplant patients

Drugs

e Some anticonvulsant agents (phenytoin, carbamazepine)
e Cholesterol-lowering agents (cholestyramine, colestipol, nicotinic acid)
¢ Folate antagonists (methotrexate)

e Vitamin B12 antagonists (nitrous oxide)

¢ Vitamin B6 antagonists,

e Sex hormones

e |-DOPA

® |soniazid

e Metformin

e Thiazide diuretics

e Cyclosporine, etc.

Lifestyle factors

e Tobacco use Physical inactivity

¢ Alcohol and coffee intake e Obesity
* Emotional stress
Enzyme deficiencies e Cystathionine b-synthase e Methionine synthase
and mutations e Methylenetetrahydrofolate reductase
(genetics) e Cobalamin mutations, etc.
Vitamin deficiencies e Folate e Vitamin B6

¢ Increased methionine consumption e Vitamin B12

Demographic

® Increasing age Male gender

e Postmenopausal women

Incorrect sample
handling

e Unchilled blood
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There was a 24% reduction of ischemic
stroke in those assigned to the combination
treatment group (RR = 0.7) without any dis-
tinction between different baseline Hcy levels.

On the other hand, more people were
hospitalized for unstable angina in the com-
bined treatment group (RR = 1.04), without
any other differences in heart failure, or
revascularization. The authors do not support
the use of folic acid and B vitamin supplements
as a preventive treatment since the combined
intake of Hey-lowering vitamins had no benefi-
cial effects on major vascular events in high-
risk populations with CVD.

Conclusions regarding B-vitamins

Although the baseline levels of tHcy are shown
to be a statistically significant predictor of
CVD in high-risk populations, its decrease does
not improve the outcomes. Furthermore, it
might promote atherosclerosis and increase the
risk of MI and unstable angina.

Is this a paradox? Not necessarily. Some
researchers?2.24 suggest that Hcy might only be
a marker for increased risk of CHD and not a
cause, or that the combined treatment is harm-
ful. Either way, Hcy-lowering vitamins are not
currently indicated for the prevention of CVD.

Conclusion

No clinical benefits and sometimes even harm-
ful effects were observed in a recent prospec-
tive RCT aiming to prevent CV events with vi-
tamin E or Hecy-lowering vitamins.

Regardless of the explanations, there is no
indication for prescribing vitamins E, folic acid,
B12 or B6 for the prevention of CVD. /€@
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