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Homocysteine—an indicator of a healthy diet?1,2

Petra Verhoef

INTRODUCTION

Halfway through the past century, experiments in humans
showed that a high dietary intake of saturated fat increased blood
concentrations of cholesterol, which was later proven to be a key
risk factor for cardiovascular disease (CVD). In the 1960s, the
first epidemiologic studies pointed to another potential risk fac-
tor for CVD: high serum concentrations of total homocysteine
(tHcy), a sulfur-containing amino acid derived from methionine.
Epidemiologic data accumulated rapidly, and homocysteine be-
came notorious as “the cholesterol of the 1990s.” Now—as if it
were a self-fulfilling prophecy—high saturated fat intake may
also be associated with higher tHcy concentrations, according to
data from the Hordaland Homocysteine Study, as reported by
Berstad et al in this issue of the Journal (1). In that cross-
sectional, population-based study of 5917 subjects in 2 age
groups (47–49 and 71–74 y old), a 12–15-g higher intake of
saturated fat was associated with �6% higher tHcy concentra-
tions, after adjustment for sex, age group, energy intake, daily
smoking, coffee drinking, and folate intake. This association is of
the same magnitude as the association that can be predicted
between saturated fat intake and LDL cholesterol by using the
formula provided by Mensink et al (2). Furthermore, the authors
found that the intake of marine very-long-chain (VLC) n�3 fatty
acids (FAs) was inversely associated with serum concentrations
of tHcy.

These data are intriguing, but they raise several questions.
Were the analyses sufficiently adjusted for potential confound-
ing factors that are linked to both fat intake and tHcy concentra-
tions? Are these findings supported by data from dietary inter-
vention studies? What mechanisms could explain the observed
associations? And last (but not least), is the notorious reputation
of tHcy as a mediator of multiple phenomena still justified?

Berstad et al showed that tHcy appears to be a good marker of
“adherence to dietary guidelines”: subjects using vegetable oils,
drinking low-fat or skimmed milk, avoiding cream, and taking
fish-oil supplements had lower tHcy concentrations. These sub-
jects are very likely also to have adhered to guidelines for the
intakes of fruit and vegetables (3). The latter are good sources of
folate, which is known to lower tHcy. Hence, initial positive
associations between fat intake and tHcy were weakened or were
no longer significant after adjustment for the intakes of vegeta-
bles and fruit or B vitamins.

Insufficient control for confounding is a worry with respect to
every study of associations between diet and disease. No matter
how thoroughly it may be done, adding confounding variables to
a regression model is no guarantee for unbiased data, simply

because certain confounding factors either are not measured or
are imperfectly measured. On the other hand, observed associa-
tions may also reflect true underlying relations. For example, in
the same Norwegian study population that Berstad et al used, a
strong positive association between the consumption of filtered
coffee and tHcy concentrations (4) was confirmed by several
later experiments (5).

As reviewed by Berstad et al, the inverse association of VLC
n�3 FA intake with tHcy concentrations is backed up by data
from some but not all intervention studies. Results of an inter-
vention study conducted by Appel et al (6) provide limited evi-
dence for a link between saturated fat intake and tHcy. In that
study, 118 participants started with a 3-wk control diet low in
fruit and vegetables and high or normal in dairy products, in-
cluding a saturated fat content that was typical of US consump-
tion. During an 8-wk intervention phase, the participants were
then fed 1 of 3 randomly assigned diets: the control diet, a diet
rich in fruit and vegetables but otherwise similar to the control
diet, or a diet rich in fruit, vegetables, and low-fat dairy products
and low in saturated and total fats. The third diet led to a reduction
in tHcy concentrations, whereas the diet rich in fruit and vege-
tables but still high in saturated fats did not.

The observed associations between the intake of FAs and tHcy
concentrations may be explained by a biochemical link between
homocysteine metabolism and phopholipid metabolism (7, 8):
homocysteine is formed during the S-adenosylhomocysteine–
dependent methylation of phosphatidylethanolamine to phos-
phatidylcholine, which is catalyzed by phosphatidylethano-
lamine methyltransferase (PEMT). The existence of this
biochemical link between homocysteine and phospholipid me-
tabolism is supported by an animal study suggesting that increas-
ing the saturation of FAs in the diet increases the synthesis of
phosphatidylcholine via the PEMT pathway (9).

Surprisingly, the inverse association of VLC n�3 FAs with
serum concentrations of tHcy, as found by Berstad et al, existed
only among the upper 25% of subjects with high intake of B
vitamins. The authors concluded that this finding fit well with an
earlier proposed hypothesis of de Bree et al (10) that high intakes
of n�3 FAs may reduce tHcy only in combination with high B
vitamin intake. However, de Bree et al concluded only that a
combined intervention of B vitamins and n�3 FAs may be more
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effective in reducing the risk of CVD than may either of those
treatments alone. It is worrisome that the inverse association of
VLC n�3 FAs with tHcy was found only in a subgroup with high
intake of B vitamins, because that finding may again point to
insufficient control for confounding.

Is there any consensus yet on whether elevated tHcy is truly a
cause of CVD? High tHcy correlates with the risk of CVD in
epidemiologic studies, but findings from most secondary pre-
vention studies do not show that lowering of tHcy by B vitamins
is beneficial. Some researchers may say that homocysteine could
be involved in the very early stages of atherosclerosis, which
leaves the door open for primary prevention by B vitamin sup-
plementation. However, it is hardly feasible to test this hypoth-
esis in trials. At this time, I would consider high tHcy to be a
marker of an imprudent diet, which may in fact explain its asso-
ciation with a greater risk of CVD. I propose that we put further
effort into investigating the possible role of VLC n�3 FAs in
preventing heart disease, be it via the lowering of tHcy or some
other mechanism. And, finally, let us look further into the pos-
sible beneficial role of folic acid in preventing age-related dis-
eases such as cognitive decline (11, 12).

PV is an employee of Unilever. Unilever markets food products, some of
which are enriched with B vitamins or very-long-chain fatty acids.
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