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A large body of evidence from experi-
mental, clinical and epidemiological

research has demonstrated the potential
benefits of long-chain n-3 polyunsaturated
fatty acids (PUFAs), eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA) for
cardiovascular health, such as anti-athero-
genic effects, plaque stability effects, improve-
ment of endothelial or platelet function and
anti-arrhythmic effects.1 These beneficial
effects of n-3 PUFA are derived from a
myriad of molecular pathways, including
alteration of the physicochemical properties
of cell and organelle-membrane structure
and function, direct interaction with and
modulation of membrane channels and
proteins, regulation of gene expression
through nuclear receptors and transcription
factors, changes in arachidonic acid-derived
eicosanoid profiles and conversion of n-3
PUFA to bioactive metabolites.1

One of the recent topics in the field of n-3
PUFA research is its effects on blood pressure
(BP) levels. Although the results of the
different studies have not been consistent,
several observational studies have demon-
strated an association of n-3 PUFA with
low BP levels and interventional studies using
n-3 PUFA supplementation have shown its
BP-lowering effects. The population-based
International Study of Macro- and Micro-
nutrients and Blood Pressure surveyed 4680
men and women aged 40–59 from 17 popu-
lation samples and found an inverse associa-
tion between BP and n-3 PUFA intake from
foods while controlling for multiple possible
confounders, although the estimated size of
the effect was small, that is, o1.0mmHg

with 1.9 g per day higher n-3 PUFA intake
(about 1.9 g per day).2 In interventional
studies, Appel et al.3 estimated that BP was
reduced by �1.0/�0.5mmHg in normoten-
sive subjects and by �5.5/�3.5mmHg in
untreated hypertensive subjects for an
average supplementation with 43 g per day
of n-3 PUFA, suggesting that the BP-lowering
effect of n-3 PUFA is stronger in hypertensive
subjects. In addition, a meta-analysis
showed that the anti-hypertensive effects
of n-3 PUFA were dose-dependent (�0.66/
�0.35mmHgg�1 n-3 PUFA) and the effects
tended to be larger in middle-aged and older
persons (X45 years) or those with excess
clinical atherosclerotic burden.4,5 The
postulated mechanisms of the hypotensive
effects of n-3 PUFA are summarized in
Figure 1.
In the current issue of Hypertension

Research, Virtanen et al.6 strengthen the
association between n-3 PUFA and BP by

using a cross-sectional analysis (n¼ 768) that
includes middle-aged and older subjects, and
those who did not have a previous history of
ischemic heart disease, stroke, diabetes or
hypertension treatment. They showed that
circulatory n-3 PUFA levels were inversely
associated with systolic BP and pulse pressure
but not with diastolic BP. As the present
study was conducted at relatively high age
(mean ageBp60 years), the clinical
implication of diastolic BP seems to have
less impact than systolic BP. In this study, BP
was measured by the mean of six BP values
in an office setting and the serum-esterified
and non-esterified fatty acids were
determined by one gas chromatographic
run (not determined by dietary intake). The
assessments would thus seem to be
reasonably accurate.
Circulating n-3 PUFA levels are derived

mainly from fish intake, which also provides
various vitamins, minerals and elements,
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Figure 1 Possible mechanisms of the BP-lowering effects of n-3 polyunsaturated fatty acids. These

mechanisms were derived from experimental and clinical studies. ACE, angiotensin-converting enzyme;

RAAS, renin-angiotensin-aldosterone system; NO, nitric oxide; ROS, reactive oxygen species. A full

color version of this figure is available at the Hypertension Research journal online.
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such as vitamin D and selenium, as well as
vital proteins. In addition, fish can serve as a
dietary replacement for less-healthy protein
sources, such as red meat, and the reverse is
also true as subjects who are unwilling to eat
fish or related products may show unfavor-
able dietary habits.1 These are important
confounding factors in the association
between n-3 PUFA and BP. In fact, in the
present study,6 subjects with high circulating
n-3 PUFA levels were likely to have a higher
income, education, urinary potassium
excretion and vegetable (excluding potatoes)
intake, and a lower intake of energy and meat
and meat products, and were less likely to
smoke. Even though the authors adjusted for
such confounding factors, residual confound-
ing due to unknown or incompletely measur-
ed characteristics could partly explain the
present findings.
In contrast to the beneficial effects of n-3

PUFA, concerns have been raised about the
potential harm from contaminants in some
fish, such as methylmercury, dioxins and
polychlorinated biphenyls.1 Epidemiological
evidence suggests a negative impact of methyl-
mercury on the cardiovascular system, but
the effects on BP are inconsistent.7,8 A recent
survey of Inuit from Nunavik, who are highly
exposed to environmental methylmercury,
showed that circulating methylmercury
levels were associated with increasing
systolic BP and pulse pressure after
controlling for the confounding factors.7

Intriguingly, when this association was
adjusted by n-3 PUFA and selenium, the
association between methylmercury and BP
became more prominent. In the present
analysis,6 the methylmercury level in hair
was not associated with BP and it did not
modify the association between n-3 PUFA
and BP. The discrepant results may be partly
derived from the differences in culture
among the study populations; for example,
BP levels of non-fish consumers are likely to
be influenced by methylmercury intake.7,8

In most fish species methylmercury levels
are quite low, and thus the health benefits of
consuming an appropriate amount of fish
can outweigh such potential risks.
Lastly, we would like to comment on

another important aspect of n-3 PUFA. The
high-order collinearity of EPA and DHA
intake from foods limits the ability to deter-
mine how each of these factors influences
cardiovascular protection. However, data
now available demonstrate that DHA and
EPA exert slightly different hemodynamic
and anti-atherogenic effects.1,9,10 In clinical
studies, supplementation with DHA leads to
more favorable effects on forearm vascular
reactivity and 24-h BP and pulse rate levels in
hyperlipidemic obese patients compared to
supplementation with EPA.9,10 These results
may be partly explained by the differential
influence on endothelial nitric oxide
production between EPA and DHA.11

Moreover, some large prospective studies
have demonstrated that higher circulating
DHA levels, but not higher EPA levels, were
inversely associated with the incidence of
heart failure or atrial fibrillation, and both
these pathophysiologies can be attributed in
part to high BP burden.12,13 In the present
study,6 Virtanen et al., examined the
association of BP levels with EPA, DHA or
docosapentaenoic acid. They found that each
of the associations were similar. Differences
in study designs, population characteristics
and types and dosage of n-3 PUFA are
possible explanations for the discrepancy
between their results and those of the
aforementioned studies. It is of both
theoretical interest and practical importance
to understand the relative hypotensive
capacity of EPA and DHA, and which
compounds we should choose as a
supplement or for drug intervention (for
example, is only EPA or DHA sufficient, or
are both needed?) to achieve more
cardiovascular protection. Confirmation of
these unresolved issues by interventional

studies with appropriate numbers of
participants will be needed in the future.
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