o

British Journal of Nutrition

British Journal of Nutrition (2012), 107, S195-5200
© The Authors 2012

doi:10.1017/50007114512001584

Omega-3 fatty acids and blood pressure

Jorge Cabo', Rodrigo Alonso® and Pedro Mata®*

'Internal Medicine Department, Hospital Universitario Santa Cristina, Madrid, Spain
2Internal Medicine Department, IIS-Fundacion Jiménez Diaz, Madrid, Spain

Abstract

Epidemiological and clinical studies suggest that consumption of omega (w-3) polyunsaturated fatty acids (PUFA) contributes to the
reduction of cardiovascular mortality through different mechanisms including modulation of cellular metabolic functions, gene expression
and beneficial effects on lipid profile or blood pressure. The aim of the study is to review the effects of w-3 PUFA supplemented as fish oil
or blue fish in blood pressure. The analysis of different studies suggests that high doses w-3 PUFA (= 3 g/day) produces a small but sig-
nificant decrease in blood pressure, especially systolic blood pressure, in older and hypertensive subjects; however, the evidence is not
consistent among different studies. w-3 polyunsaturated fatty acids consumption might have a place in the control of patients with mild
hypertension before starting drug treatment and of those who prefer changes of lifestyles like diet.
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Introduction

Linoleic acid (LA; 18:2 w-6) and a-linolenic acid (ALA; 18:3
w-3) are essential fatty acids that can not be synthesized by
the human body. Docosahexaenoic acid (DHA) is considered
as conditionally essential because of its limited formation from
ALA and, jointly with eicosapentaenoic acid (EPA), in preven-
tion of cardiovascular disease (CVD)™". A high intake of w-3
PUFA has been associated with cardiovascular protective
effects improving endothelial function and reducing athero-
sclerosis through their beneficial effects on blood pressure
(BP), lipid profile, platelet aggregation and also by their
anti-inflammatory properties(Z). Clinical studies suggest that
consumption of w-3 PUFA may reduce blood pressure in
hypertensive subjects and patients with other cardiovascular
risk factors such as overweight, hyperlipidemia or in patients
treated with hemodialysis.

Hereditary factors seems to be responsible for 30—40% of
blood pressure changes in the general population® and the
rest is explained by environmental factors, especially lifestyles
and dietary habits. It is well known that the type and amount
of dietary fat may influence many factors such as insulin resist-
ance or hyperlipidemia. However, the influence of some
macronutrients on blood pressure is not well known and
could be of epidemiological importance.

To understand the role of w-3 PUFA on blood pressure, it is
important to know their metabolism and the interactions
with their close analogues, the w-6 PUFA. Both PUFA share
the same metabolic and oxidative pathways; however their

metabolic end products often have antagonistic physiological
effects.

The aim of this review is to evaluate the available evidence
about the clinical effect of w-3 PUFA on blood pressure
control.

Data sources and selection criteria

We conducted a systematic review of literature using
PUBMED, MEDLINE and EMBASE resources from the incep-
tion of each database to February, 2011 using the following
search terms: “fatty acids, omega-3”, “w-3 PUFA”, “n-3 polyun-
saturated fatty acids”, “fish oil”, “hypertension” and “blood
pressure”. We selected those articles that made referenceto-
blood pressure even though it was notthe primary objective of
the study.

PUFA metabolism and blood pressure

Polyunsaturated fatty acids (w-3 and w-6) undergo a series of
desaturation and elongation reactions that are mediated by the
same set of enzymes to their respective long-chain metabolites
(Fig. D, After desaturation and elongation reactions, linoleic
acid turns into dihomo-gamma linoleic acid (DGLA, 20:3 w»-06),
which through a new desaturation is converted to
arachidonic acid (AA, 20:4 0-6). Arachidonic acid is the pre-
cursor of 2 series of prostaglandins, thromboxanes and the
4 series of leukotrienes mediated by cyclooxygenases and
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Fig. 1. Metabolism of w-3 and w-6 polyunsaturated fatty acids (Sources: PGs, Prostaglandins; TXs, thromboxanes; LTs, leukotrienes.

lipoxygenases, respectively. Both prostaglandins and leuko-
trienes mediate physiological responses of vasoconstriction,
platelet aggregation and inflammatory mediators synthesis(s’é).
ALA undergoes desaturation and elongation reactions to form
eicosapentaenoic acid (EPA, C20:5), that is a precursor of
3 series of prostaglandins and 5 series of leukotrienes™.
These prostaglandins are physiologically less potent than
those formed from AA (2 series) and their effects in vascular
tone, platelet aggregation and inflammation are antagonic®.
Finally, EPA can get new reversible elongation and desatura-
tion reactions producing docosahexaenoic acid (DHA,
C22:6). In addition, »-3 PUFA (EPA and DHA) are also the pre-
cursor of lipoxins, resolvins and protectins, compounds that
modulate inflammation, and serve as endogenous regulators
of vasculare tone and blood pressure(é) .

These desaturation reactions in humans are slow and ineffi-
cient so the production rate of complex derivatives is reduced.
Furthermore, it has been proven that dihomo-gamma linoleic
acid competes with alpha-linolenic acid in the desaturase
active site, interfering with the synthesis of w-3 route precur-
sors (EPA, DHA)(4'7) Therefore, a disbalance between both
-3 and -6 PUFA can affect the peripheral vascular resistance
and can have an effect on blood pressure. The hypothesis of

prostanoids synthesis and the effect on blood pressure has
not been clearly demonstrated. Lahoz C et al. conducted a
study in 42 healthy subjects undergoing 4 consecutive diets
rich in saturated fat, monounsaturated fat, ®-6 PUFA and -6
and -3 PUFAs. Although a significant reduction in blood
pressure was observed in the last period enriched in -3
from fish, there were no differences in the urine excretion
of prostanoids between the 4 dietary periods®.

Effects of w-3 on renin-angiotensin-aldosterone system,
nitric oxide and cell apoptosis

Omega-3 appear to suppress aldosterone secretion compared
to physiological stimulus such as angiotensin I, ACTH or K.
This effect may be related to changes in intracellular signal
transduction, alterations in plasma viscosity or to a lower
activity of angiotensin converting enzyme (ACE). ACE is the
enzyme that transform angiotensin-I into angiotensin-II, that
controls blood pressure and regulates body fluid volume by
modulating renin-angiotensin-aldosterone system. The inhi-
bition of this enzyme leads to reduce angiotensin-II pro-
duction, producing relaxation and reducing
aldosterone secretion w-3 PUFA have been

vascular
© " Besides,

ssaud Ans1anun abprquie) Ag auljuo paystiand 7851002 LS LLZ000S/£L0L 0L/BIo10p//:sd1ny


https://doi.org/10.1017/S0007114512001584

o

British Journal of Nutrition

Omega-3 in blood pressure S197

linked to increase production of endothelial nitric oxide
(eNO) in animal models, and on the other hand, the
L-arginine-NO system increase PUFA metabolism™®.
addition, EPA and DHA can inhibit proteinuria development,
suppress hypertension in stroke-prone spontaneously hyper-
tensive rats and prevent excessive growth of smooth muscle
by inhibiting the transforming growth factor beta (TGF-f) syn-
thesis"'?. Also, it has been reported that DHA promotes vascu-
lar smooth muscle apoptosis, perhaps because of a
modulatory effect on the renin-angiotensin-aldosterone
system. Thus, it has been suggested that through these two
mechanisms, DHA help to prevent vascular wall fibrosis and
secondary hypertension development(“) . Possible effects of
-3 PUFA on blood pressure are shown in Table 1.

In

Effects of w-3 on cardiac output

Animal-experimental studies, randomized trials, and large
observational studies indicate that consumption of fish and
marine o -3 PUFAs affects cardiac haemodynamics. Indepen-
dent effects include lowering of systemic vascular resistance,
reduction of resting heart rate, and improvement of cardiac
diastolic. These haemodynamic effects could in part account
for clinical benefits of fish or fish oil intake, including lower
risk of cardiac death and possibly ischaemic stroke, heart fail-
ure, and non-fatal coronary events'?. Regardig heart rate, a
meta-analysis including 30 randomized and placebo-con-
trolled trials, shown that w-3 PUFA supplements reduced
heart rate by 1-6bpm independant of the amount of -3
consumed (95% CI =06 — 25, P=0002)". In those
trials lasting = 12 weeks the heart rate reduction was signifi-
cantly higher than in those studies with a duration <12 weeks
(2-5bpm vs 0-7bpm, P = 0,001), suggesting that this effect is
also dependent of the duration of the supplements use.
Mozaffarian D et al., also tested the hypothesis of the
reduction of heart rate by w-3 PUFA. Data from a cohort
study of more than 5000 subjects that consumed a diet with
high amount of grilled or baked fish like tuna. Fish consump-
tion of 3 or more times per week was associated with a
reduction in heart rate of 3bpm. In this case it was found a
nonlinear dose-response between the amount of w-3 PUFA
consumption and the reduction in heart rate: there was a

Table 1. Possible biological effects of w-3 PUFA on blood pressure”

Series 3 prostaglandins production with vasoactive, antiplatelet and
anti-inflammatory effects®.

Interaction with «-6 fatty acids pathway®.

Suppression of aldosterone secretion®.

Change in intracellular signal transduction, reduction in plasma
viscosity and in the activity of angiotensin converting enzyme .
Increase production of endothelial nitric oxide('®).

Changes in ionic channels with influence on the parasympathetic
stimulation of vagus nerve reducing heart rate('?.

Changes of myocytes cell membrane improving left ventricular
diastolic function'*19),

Inhibition of transforming growth factor beta (TGF-B) synthesis('?.
Vascular smooth muscle apoptosis‘'2.

Prevention of vascular wall fibrosis and secondary hypertension
development(),

substantial reduction in HR when the intake of EPA +DHA
was from 0 to 300mg/day, and then a plateau effect was
observed with higher doses"®. The mechanisms by which
the ®-3 PUFA reduce heart rate are probably through a
modification of PUFA content on myocytes cell membrane
and secondary changes in ionic channels, influencing the
parasympathetic stimulation of vagus nerve.

On the other hand, studies in primates and humans showed
that w-3 PUFA may raise cardiac stroke volume by improving
left ventricular diastolic function. This effect occurs even at the
beginning of ®w-3 PUFA consumption and may be caused by a
longer diastolic filling produced by reducing heart rate
together with other functional or metabolic changes rather
than structural alterations of the left ventricle*> Therefore,
the second variable in the blood pressure equation, cardiac
output, has few changes in relation to w-3 PUFA consumption.
The stroke volume increase was offset by a reduction in heart
rate. Therefore, the main determinant of changes in blood
pressure induced by the w-3 PUFA consumption, are changes
in systemic vascular resistance.

Evidence of the effect of w-3 PUFA on blood pressure

Table 2 shows the principal studies evaluating the effect of w-3
PUFA on blood pressure.

Meta-analysis studies with normotensive and hypertensive
subjects. Different meta-analysis have shown that relatively
high doses of omega-3 PUFA, generally more than 3g/d, can
lead to clinically relevant BP reductions in individuals with
untreated hypertension. In the meta-analysis of Appel et al.,
including 17 clinical trials (11 in normotensives and 6 in
untreated hypertensive subjects), the reduction in systolic
blood pressure (SBP) and diastolic blood pressure (DBP) in
hypertensive subjects were 5-5 and 3-5 mmHg, respectively(m).
Another meta-analysis including 36 studies, 22 of which were
double-blind designed and with a duration over 2 weeks,
showed a significant 2:1mmHg reduction in SPB and
1-6mmHg DBP (1-7/1-5mmHg in the double-blind studies)
with a median consumption of 3-7g/day of fish oil. The
effect was higher in subjects >45 years and in hypertensive
volunteers (BP = 140/90 mmHg)'” .

Meta-analysis studies including type 2 diabetic subjects.
A meta-analysis of 12 randomized trials performed in patients
with type 2 diabetes showed a discrete effect on DBP in five
trials (—1-79 mmHg, P = 0-05), but not in SBP and heart
rate. Mean -3 dose was 4-6g/day, ranging from 3 to
8g/day. The main limitations of the results were the small
number of trials available and the sample size of the studies
(mean 30-6, range 23-40)'9,

In a recent meta-analysis including 24 trials, the possible
beneficial effect of w-3 PUFA in patients with type 2 diabetes
mellitus was also analyzed. Only 8 of the 24 trials reported
blood pressure changes and a total of 747 participants were
studied in the trials. The main results showed that w-3 sup-
plements did not produce significant changes in SBP or DBP
(SBP: — 0-78 mmHg P = 044, DBP: —0-79 P=0-18). The
absence of a dose-dependent analysis is a limitation to the
results on blood pressure of this meta-analysis.
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Table 2. Major studies of the effect of w-3 PUFA on blood pressure

-3 dosage (g/day)

BP change(mmHg) Type of study

HT subjects

Duration

Year

Author

<0-05

Meta-analysis RS

—1-05/—1-98

Yes
No

291

1993
1997
1998
2002
2007

Appel LJ et al.'®

<0-001/>0-05

<0-01

3-8
3-6
37

Dietary intervention F

-5/—1.9

42

Lahoz C. et al.®

Dietary intervention RF

Meta-analysis RS

-6/-3
—4.03/—2-73

Yes
Yes
No

Bao DQ et al.®?

=0-01

1404

Geleijnse JM et al.('"”
Murphy KJ et al.??

>0.-05

Dietary intervention FR
Meta-analysis RFS

Cross-sectional

—3/—
—-/-1.8

86
248
324

0-05
>0-05

1.6-8
NA

No

2007

Hartweg J et al.('®

Yes
No

2009
2009
2009
2010

Ramel A et al.®®

>0-05

1.4
2.4

Dietary intervention RS

Meta-analysis RS

—4/401
—0-78/-0-79

Micallef MA et al.?®

0-44/0-18
<0-001
>0-05

No

747
111

486

Hartweg J et al.(®

Dietary intervention S

—27/-1.4

Yes
Yes

Cicero AF et al.®®

1-2

Dietary intervention RF

~6-8/— 4.5

12w

2010

LIPGENE study®®

HT: hypertensive; R: randomize;. S: »-3 supplements; F: -3 rich fish intake. W. weeks; M: months. For meta-analysis, the average time of duration is shown.(*), in 13 of 17 studies, the duration was < 3 months.

Jorge Cabo et al.

Effect of w-3 supplementation on blood pressure in healthy
subjects. In a randomized, placebo-controlled study, 162
halthy subjects received a diet with high proportion of satu-
rated fatty acids or high proportion of monounsaturated fatty
acids. Both groups were further randomly assigned to receive
supplementation with fish oil (3-6g n-3 fatty acids/d) or pla-
cebo. The main objective was to evaluate the effects of differ-
ent types of dietary fat on BP in healthy subjects. The results
showed that supplementation did not affect blood pressure
in healthy volunteers, independent of the amount of fat on
diet®®. Similar results were observed in a smaller and short-
term study performed in 37 healthy volunteers using lower
dose of w-3 PUFA (1 g/day)®".

Dietary intervention studies in obese subjects with or with-
out hyperlipemia (cross-sectionals and randomized studies).
In a small dietary intervention study®®, 69 volunteers with
overweight and treated hypertension, were randomized to 4
different diets: 1) fish diet containing 3-65g/day of -3
PUFA; 2) low-calories diet; 3) combination of both diets and
4) control diet. Subjects consuming high amount of ®-3
reduced SBP and DBP by 6-0 and 3-0 mmHg respectively, simi-
lar to the reduction observed in the low-calories diet (5-5/
2-2mmHg); however, the reduction was higher with the com-
bination of both diets (13-0/9-3 mmHg). Heart rate significantly
decreased in the fish diet group (3-1bpm sp 1-4). In con-
clusion, the combination of fish and low-calories diet was
additive in terms of effects on blood pressure, so these results
may be relevant in the management of patients with metabolic
syndrome.

Ramel A et al®® analyzed the association in a cross-
sectional study between diet, -3 PUFA index in red blood
cell membranes and cardiovascular risk factors in 324 subjects
aged 30-35 years and overweight in Spain, Iceland and
Ireland. None of the participants had type 2 diabetes and
329% had high blood pressure. There were no association
between red blood cell w-3 fatty acid composition (-3
index) and systolic or diastolic blood pressure. Body mass
index was significantly associated with increased blood press-
ure but no with cholesterol measures.

Recently, it has been published the LIPGENE dietary inter-
vention study®®. This study evaluated the effect of «-3
PUFA on blood pressure in individuals with metabolic syn-
drome for 12 weeks, randomizing volunteers to one of four
isoenergetic diets avoiding weight loss bias. In two diets,
38% of total energy came from fat: one high in saturated
fatty acids and another high in monounsaturated fatty acids.
In the other 2 diets 20% of energy came from fat: one sup-
plemented with 1-2g/day of w-3 and one supplemented
with oleic acid or sunflower oil. There were no differences
in systolic and diastolic blood pressure between the different
diets, and the authors’ suggested that the dose of ®w-3 was
too low compared with other studies, or perhaps the absence
of weight loss was important taking into account the relation-
ship between weight loss and blood pressure reduction.

The effect of w-3 in blood pressure in subjects with hyper-
lipidemia has been controversial. In a retrospective study,
the effect of w-3 PUFA supplementation during 12 months
on blood pressure was evaluated in 111 subjects with
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hypertriglyceridemia and high-normal blood pressure without
treatment. Subjects received 2 g/day of w-3 PUFA, containing
at least 85% EPA and DHA with a ratio of 0-9:1'5. The results
showed a slight but significant reduction of systolic and dias-
tolic blood pressure (2:7 £ 25, 1:4 * 42, respectively). In
men, there were a significant association between baseline
triglyceride levels with change in systolic blood pressure,
which might be of interest in the selection of specific subjects
in which w-3 supplementation could be of maximum benefit®>.

In another study, 60 hyperlipidemic patients were randomly
assigned to one of 4 groups: placebo, fish oil (1-4 g/day of
w-3), plant sterols (2g/day) and the combination of fish oil
and plant sterols. There was a non significant trend to
decrease SBP and DBP in the groups containing -3
PUFA®®. On the other hand, it has been shown that long-
term administration of low dose of w-3 PUFA (1g/day) do
not reduce blood pressure in overweight volunteers with
hypertriglyceridemia followed-up during 6 months®”.

Differential effects of EPA and DHA on blood pressure.
Some clinical trials have suggested that EPA and DHA have
differential hemodynamic effects. DHA may be more favorable
in reducing blood pressure and heart rate, although not all
trials show conclusive results. In this sense, Theobald H
et al., conducted a randomized, double-blind and placebo-
controlled study in which 38 healthy subjects were treated
for 3 months with 0-7 g/day of DHA vs. placebo®®. Diastolic
blood pressure in patients treated with DHA fell 3-3 mmHg,
in comparison with placebo (P <0-01). There were no signifi-
cant differences in resting heart rate and SBP. Another study
using algae oil (1-5gr/day of DHA and 0-6 g/day of docosa-
pentaenoic acid) showed no differences in blood pressure
between the control group and the group supplemented
with the oil, perhaps due to low doses of w-3 provided
either by the combination with -6

The effect of w-3 on blood pressure has also been analysed
in 59 overweight men with hyperlipidemia randomized to
receive either 4g/day of EPA, 4g/day of DHA or olive oil
(as control group) during 6 weeks, maintaining the rest of
nutrients in their regular diets. The study showed that only
in the DHA group there was a significant reduction of blood
pressure and heart rate compared with placebo. The average
reduction in SBP/DBP was 5-8/3-:3mmHg, while heart rate
fell 3-5 (sp 0:8bpm). EPA did not show statistically significant
effect on either blood pressure or on heart rate.”

Effect of -3 in blood pressure in other populations.
Recently, Vernaglione L. et al.®" published a prospective
study on the effects on blood pressure and other variables
in 24 patients on hemodialysis who were supplemented
with w-3. The study was designed sequentially, so after base-
line evaluation patients had to follow consecutive periods of
4 months with different supplements: 2 g/day of olive oil fol-
lowed by 2g/day of w-3 supplements and finally back to
2g/day of olive oil. Both SBP and DBP were significantly
lower (P<0-05) at the end of the supplementation period
with  ®-3. Systolic blood pressure diminished from
131 = 17-8mmHg in the first phase to 122mmHg (sp 12-8)
in the second phase and rose to 129 * 13-2mmHg. The
effect on DBP was in the same direction: 83 = 16-:3 mmHg in

the first phase, 71 £ 148 mmHg in the second phase and
79 = 6:5mmHg in the last period of the study.

Conclusions

The evidence of the effects of w-3 PUFA on blood pressure is
not consistent, and the reduction obtained in different studies
is mild, but higher using doses =3 g/day supplemented as fish
oil or blue fish, in older population and hypertensive subjects.
On the other hand, consumption of w-3 can reduce cardiovas-
cular risk in hyperlipemic, diabetic or hypertensive subjects
preventing the increase in blood pressure. Therefore, further
clinical studies are necessary to determine the impact of
blood pressure reduction on cardiovascular risk in homo-
geneous population using w-3 PUFA supplementation.

Dietary intake or supplementation of omega 3 polyunsatu-
rated fatty acids might have a place in the control of patients
with mild hypertension before starting drug treatment and of
those who prefer changes of lifestyles like diet. A high
intake of these PUFA can be achieved consuming blue fish
like salmon, mackerel, herring, tuna and sardines twice to
three times a week to achieve at least an amount of 500 mg/
day of EPA/DHA, or daily supplements of fish oil.
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