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Abstract
Background Omega-3 fatty acids reduced heart rate (HR)
and blood pressure (BP) in some studies, but dose–response
studies are rare, and little is known about underlying
mechanisms.
Purpose We examined effects of 0.85 g/day eicosapentaenoic
acid (EPA) + docosahexaenoic acid (DHA) (low dose) and
3.4 g/day EPA + DHA (high dose) on HR and systemic
hemodynamics during rest, speech, and foot cold pressor tasks.
Methods This was a dose–response, placebo-controlled,
double-blind, randomized, crossover trial (8-week treat-
ment, 6-week washout) in 26 adults.
Results Throughout the testing sessions, HR was reduced in
a dose-dependent manner. The high dose reduced BP and
stroke volume and increased pre-ejection period. Reductions
in BP were associated with increases in erythrocyte omega-3
fatty acids.

Conclusions High-dose long-chain omega-3 fatty acids can
reduce BP and HR, at rest and during stress. These findings
suggest that at-risk populations may achieve benefits with
increased omega-3 intake.
The trial was registered on ClinicalTrials.gov (NCT00504309).
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Introduction

Elevated blood pressure (BP) and heart rate (HR) are risk
factors for heart disease and stroke [1–3]. The omega-3 fatty
acids eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) appear to reduce risk of cardiovascular death,
at least partially via anti-arrhythmic mechanisms [4, 5].
However, their effects on heart rate and blood pressure,
particularly under psychological/physiologic stress, are less
well understood.

Meta-analyses demonstrate that omega-3 fatty acids re-
duce resting HR [6] and BP [7–9]. Reductions in BP are
more evident in people with hypertension [10–12], and may
be dependent on dose [7] and attendant changes in plasma
phospholipid omega-3 content [13]. Testing protocols have
ranged from one to three resting measures to 24 h ambula-
tory monitoring with measurements recorded every 30 min
[6]. Changes in cardiovascular physiology may be more
evident under conditions of stress due to beneficial effects
of omega-3 fatty acids on autonomic tone, as evidenced by
reductions in plasma norepinephrine during stress [14–17]
and improved HR variability [18, 19]. In a recent study of
34 healthy, young participants randomly assigned to a high
EPA fish oil supplement (1 g/day EPA+0.4 g/day DHA) or
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corn oil placebo for 21 days, blood pressure responses to
mental arithmetic were significantly attenuated without
effects on resting parameters [20]. Furthermore, we have
shown that plant-derived omega-3 fatty acids significantly
reduce blood pressure during stress [21]. However, controls
in prior studies have been inadequate, limiting interpretation
of their findings.

Recommendations for omega-3 intake for CVD preven-
tion typically do not exceed 1 g/day EPA + DHA [22]; yet
HR and BP reductions have been reported more consistently
at higher (pharmacologic) doses, i.e., 3.4 g/day EPA + DHA
[6, 9] which is the approved dose for the treatment of severe
hypertriglyceridemia (fasting triglycerides ≥500 mg/dl).
Owing to the absence of relevant dose–response studies,
we compared the effects of 0.85 g/day EPA + DHA (low
dose) and 3.4 g/day EPA + DHA (high dose) on hemody-
namic measures during a repeated measures design that
included rest, standardized mental stress (speech task), and
physical challenge (foot cold pressor).

We hypothesized that the high but not low dose would
reduce BP and HR values during testing sessions. Our
secondary aim evaluated whether changes in BP and HR
were related to changes in erythrocyte membrane omega-3
fatty acid content. Analyses were conducted to characterize
other effects of omega-3 fatty acids on systemic hemody-
namics (total peripheral resistance, stroke volume, and con-
tractility indexes). Previously, we reported the effects of
these treatments on lipids, glycemic markers, endothelial
function, and inflammatory markers [23].

Methods

Participants

Healthy people (23 men and three women) with moderate
hypertriglyceridemia (fasting triglycerides 150–500 mg/dL)
were recruited for this study [23]. All women were post-
menopausal (no menses >12 months). Other inclusion criteria
were: age 21–65 years, body mass index (BMI) 20–39 kg/m2,
and generally good health. Exclusion criteria were tobacco
use; acute or chronic inflammatory conditions; hypertension
(blood pressure equal to or greater than 150 over 95 mmHg);
liver or kidney dysfunction (self-reported or abnormal screen-
ing blood work); unwillingness to discontinue nutritional
supplements (except for calcium, which was allowed at a
stable dose); intake of fish, flaxseed, or walnuts equal to or
greater than two or more servings per week; use of oral
contraceptives or hormone replacement therapy; use of lipid-
lowering, anti-inflammatory, anti-depressant, or blood pres-
sure medication; and abnormal screening EKG or history of
heart disease. Potential participants were advised that they
would be expected to maintain low consumption of omega-3

fatty acids during the study, refrain from use of all supple-
ments, and maintain their body weight.

A complete blood count and standard chemistry panel were
obtained at screening to rule out the presence of serious illness
(e.g., autoimmune disease, cancer, and immunodeficiency).
Seated blood pressure was measured by nurses in a controlled
environment using a calibrated mercury sphygmomanometer
and appropriately sized cuffs, after a 5-min quiet rest according
to JNC 7 guidelines [1]. Three readings were taken, and the
average of the last two was used to determine eligibility for
study participation and baseline characteristics. The blood
pressure criterion (<150 mmHg systolic blood pressure
[SBP] and <95 mmHg diastolic blood pressure [DBP]) was
established to avoid excluding people with unmedicated stage
1 hypertension. The final study population was, on average,
middle-aged (age mean 0 44), overweight (body mass index
mean 0 29), and normotensive (mean BP0123/82 mmHg).
The sample was predominantly white, non-Hispanic, and
contained one subject of Asian–Indian descent. The
study was approved by the Pennsylvania State Univer-
sity Institution Review Board and registered on Clini-
calTrials.gov (NCT00504309). Procedures followed were
in accordance with the ethical standards of the Helsinki
Declaration of 1975, as revised in 2000. All participants
provided written informed consent.

Intervention

This was a randomized, double-blind, three-period crossover,
placebo-controlled study with 8-week treatment periods and
6-week washout periods. Treatment was provided as four
identical capsules per day during all periods. All capsules
were provided by GlaxoSmithKline (Lovaza™ and identical
corn oil placebo). Each 1 g prescription omega-3 fatty acid
ethyl ester capsule contains approximately 465 mg EPA and
375 DHA (ratio of 1.2:1). During the three treatment periods,
subjects received in random order: 0 g/day EPA + DHA (corn
oil placebo), 0.85 g/day EPA + DHA, and 3.4 g/day EPA +
DHA. The lower dose was provided as 1 g prescription
omega-3 fatty acid ethyl esters and three placebo capsules.
Treatments were matched to a coded numeric identifier so that
the researchers and participants were blinded to treatment
assignment. Subjects were instructed to maintain their weight
and activity level during the course of the study, and they were
counseled to exclude fatty fish meals (including salmon, tuna,
mackerel, and herring), fish oil supplements, flax products,
walnuts, and omega-3-enriched eggs during the study. Sub-
jects were contacted 2 weeks into each phase to determine
compliance and discuss any difficulties with taking the cap-
sules. At the midpoint of each treatment period (4 weeks),
subjects reported to the General Clinical Research Center to
have their bottles weighed and to receive new supplies. Com-
pliance was excellent (>95 % for all subjects during all
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periods) as determined by capsule logs and bottle weights.
Erythrocyte EPA andDHA also increased in a dose-dependent
manner in all subjects [23]. Body weight did not change
during the study (data not shown).

Physiological Measures

Blood pressure was assessed with the Dinamap Pro 100
oscillometric monitor (GE Medical Systems) in the non-
dominant arm. The appropriate cuff size was selected based
on each participant’s arm circumference.

Systemic hemodynamic data were collected using tho-
racic impedance cardiography. Four band electrodes and
three EKG electrodes were placed according to guidelines
for impedance cardiography [24] as described previously
[25]. Thoracic impedance was measured using a Hutcheson
impedance cardiograph (HIC-2000, Instrumentation for
Medicine, Greenwich, CT) and analyzed using the Cardiac
Output Program (COP v5.08, Bio-impedance Technology,
Inc., Chapel Hill, NC) [26]; cardiac output (liters per min-
ute) 0 stroke volume × HR. Total peripheral resistance
(TPR), also called systemic vascular resistance or afterload,
was calculated from cardiac output and mean arterial pres-
sure (MAP) (TPR in dyne scm−5 0 MAP × cardiac output/
80) [27]. Pre-ejection period (duration of isovolumetric con-
traction), the Heather Index (a reflection of ejection velocity
and contractility), and systolic time ratio (a measure of con-
tractility that reflects the ratio of electrical to mechanical sys-
tole) were determined according to standard guidelines [28].

Tasks

During the 20-min resting baseline condition, participants
listened to relaxing music.

The stressors employed in this study included a speaking
task and a cold pressor task. The speech task required partic-
ipants to mentally prepare (2-min preparation task) and then
deliver a brief speech (3-min speech task) about a hypothetical
situation. Each subject received one of the three different
scenarios for each treatment endpoint testing session in ran-
dom order. The scenarios described included: (1) the partici-
pant had been falsely accused of shoplifting by mall security,
(2) the participant was pulled over for not stopping at an
obscured stop sign, and (3) the participant was denied entry
to an airline flight because they did not arrive 20 min prior to
departure. Testing conditions were standardized by adminis-
tering the speech instructions as a DVD recording.

Two experimenters observed the speech in an adjacent room
via a video monitor. Participants were told that the experiment-
ers were evaluating their poise, articulation, and appearance.
Following the speech task, participants were monitored during
a 10-min recovery period. Following the recovery period, DVD
instructions were provided for the cold pressor task.

During the cold pressor task, participants were asked to
immerse their foot up to the ankle in 4 °C water for 2.5 min.
After this task participants recovered for a final 10-min period
(cold recovery).

Testing Procedure

Cardiovascular tests occurred at the end of each treatment.
Tests were scheduled in the afternoon and time of day was
held constant within-subject. Four hours prior to testing,
subjects were instructed to consume a light (low fat) meal
and take half their daily capsule dose (two capsules). For the
low-dose treatment, this dose included the active capsule.
They were instructed to avoid pain relievers and alcohol
(24 h), caffeine and decongestants (12 h), and exercise on
the day of the visit. Compliance with pre-visit instructions
was verified verbally. Subjects were rescheduled if they
reported symptoms of acute infection.

BP, HR, and impedance measurements (averaged across
intervals of 40 s) were obtained simultaneously during the
testing session. SBP, DBP, and MAP were obtained oscillo-
metrically. During the baseline resting period, measure-
ments were obtained every 2 min to allow participants to
adapt to the blood pressure cuff. Measurements were
obtained every minute for the last 3 min of baseline and
recovery periods. Measurements were obtained every min-
ute during the preparation and stressor conditions.

The last three measurements of the resting and recovery
periods were averaged. For the speech preparation, speech
delivery, and cold pressor tests, measurements were taken
every minute and averaged by task. These six task averages
were treated as repeated measures for each testing session.

Determination of Erythrocyte Fatty Acids

At the beginning of the study and at the end of each treatment
period blood samples were collected in the fasting state (12 h
with nothing but water, 48 h without alcohol, and 2 h without
vigorous exercise). Fasting blood samples were drawn into
EDTA tubes. Erythrocytes were separated from plasma by
centrifugation, and a 0.5-mL aliquot was collected from the
RBC layer. RBCs were frozen at −80 °C until analyzed. RBCs
were methylated to form fatty acid methyl esters which were
analyzed by gas chromatography on a GC2010 (Shimadzu
Corporation, Columbia, MD) equipped with a 100-m SP-
2560 column (Supelco, Bellefonte, PA). The omega-3 index
is the sum of EPA and DHA expressed as weight percent of
total identified fatty acids [29].

Statistical Analysis

Statistical analyses were performed using SAS (Statistical Anal-
ysis System, Version 9.2, Cary, NC). Chi-square analysis was
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performed using the FREQ procedure. Normality was assessed
prior to mixed models analysis. Only the Heather Index violated
assumptions of normality, and a natural log transformation was
applied prior to analysis. We report least squares means ± SEM.
The mixed models procedure in SAS was used to test effects of
treatment. This method has many advantages, including the fact
that it allows users to model a variety of variance–covariance
structures, its use of the correct error term in repeated measures,
the ease of obtaining post hoc tests for designs with two repeated
factors, and its robustness to occasional missing data [30]. Mod-
els included the following fixed effects: treatment, period (visit),
task (e.g., baseline, speech, etc), and the treatment by task
interaction. Subject was treated as a random effect. The treat-
ment by period effect was universally nonsignificant and was
removed from final models. When period effects were signifi-
cant, they were retained. Post hoc tests were conducted with
Tukey–Kramer adjusted p values (<0.05).

Regression was performed in Minitab (version 16.1.0,
State College, PA). Outcomes with repeated measures were
analyzed as an arithmetic mean (average across all tasks).
Change scores were calculated as the end of treatment value
minus end of placebo value. Residuals and residual vs. fit
plots were examined to ensure homoscedascity. Regression
slopes were judged to be equal by visual inspection (and by
the absence of a significant treatment × predictor interac-
tion), and therefore were calculated using pooled values
(collapsed across the treatments).

Results

Participants

Twenty-six people completed the study (23 men and three
postmenopausal women). The sample was predominantly
white and non-Hispanic and included one subject of Asian–
Indian descent. On average, participants were 44 years old
with a BMI of 29.

Effects of Stressor Tasks

All stressor tasks (preparation, speech, and cold pressor)
increased BP and HR compared to the resting condition
(Table 1, Fig. 1). Specifically, the speech task increased
MAP by 16 mmHg (main effect F(5,420)0118.29, Tukey
p<0.0001, Cohen’s d01.40) and HR by 12 beats per minute
(bpm, main effect F(5,422)069.85, Tukey p<0.0001,
Cohen’s d01.10). The cold pressor task produced similar
increases in MAP but lesser increases in HR. HR returned to
resting values during recovery periods, while BP remained
slightly elevated relative to the resting condition. At the
conclusion of the testing, participants completed a five-
item post-task appraisal that assessed experiences of stress,
coping, demand, threat, and performance; these results

indicated consistent subjective responses to the tasks that
did not differ by treatment or period (data not shown).1

Effects of Low and High Doses of Omega-3 Fatty Acids
on Heart Rate (Fig. 1)

HR was dose-dependently different by treatment (Fig. 1);
this was evident throughout the rest and stressor periods.
The treatment effect was consistent, confirmed by an ab-
sence of a significant treatment by task interaction. Relative
to placebo, mean HR collapsing across tasks was reduced by
2 bpm following the low dose (main effect F(2,422)021.12,
Tukey p00.003, Cohen’s d00.23) and 4 bpm following the
high dose (main effect F(2,422)021.12, Tukey p<0.0001,
Cohen’s d00.43). Reductions in HR were greater with the
high dose vs. low dose (main effect F(2,422)021.12, Tukey
p00.02, Cohen’s d00.24).

Resting HR following the high-dose treatment was 4 bpm
lower than resting HR after placebo (main effect F(2,50)0
6.16, Tukey p00.004; Cohen’s d00.44; Fig. 1). The compar-
ison of the low dose to placebo trended toward significance
(main effect F(2,50)06.16, Tukey p00.07, Cohen’s d00.29).

Effects of Omega-3 Fatty Acids on Blood Pressure (Table 1)

MAP also differed by treatment with no treatment by task
interaction (Table 1). The high dose reduced average MAP
by about 2 mmHg (ΔSBP/DBP of 2.1/1.7 mmHg) relative
to both the placebo (main effect F(2,420)05.39, Tukey p0
0.02, Cohen’s d00.23) and low-dose treatments (main effect
F(2,420)05.39, Tukey p00.01, Cohen’s d00.23). The low
dose did not alter BP. Analysis of resting values showed a
similar pattern for treatment effects in that significant reduc-
tions in MAP were achieved after the high dose vs. the other
two treatments. The high dose reduced resting MAP by
2.3 mmHg compared to placebo treatment (main effect F
(2,50)04.44, Tukey p00.04; Cohen’s d00.30), and by
2.5 mmHg relative to the low-dose treatment (main effect
F(2,50)04.44, Tukey p00.03; Cohen’s d00.33).

Thoracic Impedance Cardiography Measures (Table 2)

Due to electrical equipment failure not detected until
post-study data analysis, results from impedance cardiogra-
phy could be interpreted only for the first 13 participants.
The characteristics of this subset of participants were similar
to the full sample of participants (not shown). Treatment and

1 The five response items were rated on 5-point Likert scale. Each
response item was modeled using the mixed effects models applied to
the other study outcomes and found to have universally nonsignificant
effects for treatment, period, and treatment by period interaction.
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task effects were significant for many measures that reflect
autonomic tone (Table 2 and Electronic Supplementary Ma-
terial Table 1). Compared to placebo, the high dose reduced
stroke volume (main effect F(2,209)07.66, Tukey p00.003,
Cohen’s d00.26) and cardiac output (main effect F(2,204)0

13.21, Tukey p<0.0001, Cohen’s d00.39). The low dose
reduced cardiac output (main effect F(2,204)013.21, Tukey
p00.02, Cohen’s d00.20) compared to placebo, without
reducing stroke volume. The high dose increased the pre-
ejection period by 6.5 ms relative to placebo (main effect F
(2,198)07.66, Tukey p00.0004, Cohen’s d00.36; Table 2).
There was a shift to increased total peripheral resistance
following omega-3 supplementation, but no post hoc pair-
wise comparison reached significance.

Erythrocyte Fatty Acid Composition

As reported previously [23], erythrocyte EPA + DHA content
(the omega-3 index) changed in a dose-dependent manner. At
the end of the placebo treatment period, no subjects met the
criterion for an optimal omega-3 index score (>8 % of total
fatty acids [31]). On the high dose, 77% achieved an omega-3
index >8 %, compared to one subject on the low dose who
achieved that level (χ2[2]043.3, p<0.0001).

Erythrocyte Fatty Acid Changes as Predictors
of Cardiovascular Changes

Individual changes in the omega-3 index relative to placebo
predicted average changes in MAP during reactivity sessions
relative to placebo treatment (Fig. 2). The change in omega-3

Table 1 Effects of omega-3 fat-
ty acid supplementation on
blood pressure at rest and during
stress

Values are expressed as mean ±
SEM, n026. Values with differ-
ent superscripts are significantly
different from each other based
on Tukey adjusted p values
(<0.05) for post hoc pairwise
comparisons. Main effect of task
was significant for all variables
(p<0.0001).

SBP systolic blood pressure,
DBP diastolic blood pressure,
MAP mean arterial pressure

Task 0 g/day 0.85 g/day 3.4 g/day Treatment effect
Placebo Low dose High dose p value

DBP Resting 71.9±1.8 72.2±1.8 70.2±1.8

mmHg Preparation 78.4±1.8 79.0±1.8 77.3±1.8

Speech 83.7±1.8 85.2±1.8 83.9±1.8

Recovery 74.1±1.8 72.9±1.8 72.3±1.8

Cold pressor 84.3±1.8 83.0±1.8 81.7±1.8

Cold recovery 74.4±1.8 73.3±1.8 71.6±1.9

Overall 77.8±1.6a 77.7±1.6a 76.1±1.6b 0.003

SBP Resting 118.3±2.7 116.7±2.7 114.6±2.7

mmHg Preparation 132.1±2.7 131.7±2.7 129.8±2.8

Speech 138.0±2.8 141.7±2.7 139.4±2.8

Recovery 123.5±2.7 123.1±2.8 119.1±2.7

Cold pressor 136.6±2.8 139.9±2.8 134.8±2.8

Cold recovery 121.8±2.8 120.6±2.8 120.3±2.8

Overall 128.4±2.2 129.0±2.2a 126.3±2.2b 0.03

MAP Resting 87.3±1.9a 87.1±1.9a 85.0±1.9b

mmHg Preparation 96.3±1.9 96.6±1.9 94.8±2.0

Speech 101.8±2.0 104.1±1.9 102.4±2.0

Recovery 90.6±1.9 89.6±2.0 87.9±1.9

Cold pressor 101.7±2.0 102.0±2.0 99.4±2.0

Cold recovery 90.2±2.0 89.1±2.0 87.8±2.0

Overall 94.6±1.7a 94.7±1.7a 92.9±1.7b 0.005

Fig. 1 Omega-3 fatty acids significantly reduced heart rate, at rest and
during stress. HR was dose-dependently different by treatment (p<
0.0001), and this pattern was evident throughout the rest and stressor
periods. Relative to placebo, mean HR (collapsing across tasks) was
reduced by 2.4 bpm following the low dose (p00.003) and 4.0 bpm
following the high dose (p<0.0001). Reductions in HR were greater
with the high dose vs. low dose (p00.02). *Resting HR differed for the
placebo and high dose by 4.0 bpm (p00.004)
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index accounted for about 12% of the variability in the change
in MAP (standardized β [42]0−0.45, p00.02, r00.35); there-
fore, for every 1 percentage point increase in omega-3 index,
MAP was reduced by approximately 1 mmHg. The slope of
the regression line did not differ by treatment. There was no
association between the changes in the omega-3 index and
heart rate (data not shown).

Discussion

Treatment with the high dose of omega-3 fatty acids (3.4 g
EPA + DHA/day) significantly reduced HR and BP, and the
magnitude of reduction did not differ between rest and stress
conditions. In contrast, the low dose reduced HR relative to
placebo, but had no effect on BP.

The reduction in BP following the high dose was driven
by reductions in stroke volume and cardiac output.

Although evidence suggests that total peripheral resistance
could be decreased with omega-3 supplementation [32, 33],
we observed a trend for increased resistance, which may
reflect partial compensation for reductions in cardiac output.
Results could differ if the effects of omega-3 fatty acids
were measured under sustained physical stress [33, 34]; our
measurements were taken under sedentary conditions. The
significant increase in pre-ejection period may indicate that
omega-3 fatty acids altered autonomic tone (increased vagal
control of the heart with decreased adrenergic stimulation, in
agreement with earlier studies [14–17]).

The magnitude of BP reduction with the high dose agrees
with meta-analyses of responses to fish oil intervention
[7–9]. In 31 placebo-controlled trials on 1,356 subjects, for
every 1 g omega-3 fatty acids consumed, SBP/DBP de-
creased by 0.66/0.35 mmHg [7]. Thus, the predicted change
in SBP/DBP on the high dose (−2.2/−1.2 mmHg) is similar
to the change we observed (−2.1/−1.7 mmHg).

The reduction in HR we observed was greater than earlier
meta-analyses would have predicted for our population and
design, but is consistent with studies that used ambulatory
monitoring [6, 35]. This consistency may be due to the
increased statistical power of multiple measurements we
used here and in ambulatory monitoring studies.

Regression analysis revealed that BP reductions were
associated with changes in the omega-3 fatty acid content
of erythrocytes. Since this is a relatively stable marker of
intake that reflects changes in tissue levels, it could be
speculated that BP effects are dependent on changes in
tissue composition. Although we did not find a similar
relationship with HR, an inverse relation between plasma
DHA and HR has been reported [36]. In a recent study,
serum DHA and EPA were inversely related to HR, and
DHA additionally predicted resting and ambulatory DBP
[37]. It may be that our sample size was too small and we
were underpowered for this outcome.

The BP change that we observed would suggest that
higher doses of EPA + DHA may potentially reduce risk
of coronary events and stroke. It has been estimated that
small BP reductions (around 5 mmHg) may prevent one-
third of strokes and one fifth of coronary events in Western
societies [38]. Although the 2 mmHg reduction for the high

Table 2 Effects of omega-3 fatty acid supplementation on hemodynamic measures during testing sessions

0 g/day 0.85 g/day 3.4 g/day Treatment effect
(Placebo) (Low dose) (High dose) p value

Stroke volume (mL) 84.3±6.2a 85.0±6.2a 78.9±6.2b 0.0006

Cardiac output (L/min) 5.76±0.29a 5.50±0.29b 5.26±0.29b <0.0001

Total peripheral resistance (dyne scm−5) 1,419±87 1,477±87 1,476±87 0.04

Pre-ejection period (ms) 116±5.0a 119±5.0 123±5.0b 0.0006

Values are expressed as mean ± SEM, n013. Tukey adjusted p values for post hoc pairwise comparisons are significant (<0.05) for values that have
different superscript letters

Fig. 2 Changes in the omega-3 index significantly predicted changes
in blood pressure. Change in the omega-3 index (EPA + DHA of eryth-
rocytes) relative to placebo treatment was used as a predictor of changes
in mean arterial pressure during reactivity sessions relative to placebo
treatment (Minitab v.16, State College, PA). The slope of the line did not
differ by treatment and the two treatments were pooled for the analysis.
The regression equation is ΔMAP02.03–1.07Δomega-3 index

306 ann. behav. med. (2012) 44:301–308



dose is modest, regression modeling suggests that deficient
individuals (with an omega-3 index less than 4 %) given a
high dose could achieve average BP reductions of 5 mmHg
if their omega-3 index increases 6–7 %. Further, all subjects
in this study had BP<150/95 mmHg, and larger reductions
might be achieved in people with Stage II hypertension
(>160/100 mmHg) [39] or with longer-term treatment.

Omega-3 fatty acids are appealing as adjunctive therapy
because they can safely be added to multidrug regimens and
therapeutic lifestyle changes. The effects of omega-3 fatty
acids on BP are additive to weight loss [40], potentiated by
sodium restriction [41], and amplify the effects of beta-
blockers [42] and diuretics [43]. Other than potential issues
of cost and tolerability, there are few arguments against rec-
ommending high-dose omega-3 supplementation to patients
as part of an overall treatment plan. It should be noted, how-
ever, that high-dose omega-3 fatty acid treatment is not cur-
rently indicated for lowering blood pressure; only for lowering
triglycerides in patients with very high (>500 mg/dL) levels.

Despite the evidence for health benefits of omega-3 fatty
acids, the average American diet lacks rich sources of omega-3
fatty acids, with estimated daily intakes <200 mg and omega-3
index (red blood cell EPA + DHA) values of 4–5 % [44].

There are limitations in our study. Our sample size
was modest and consisted mainly of white males. Al-
though we analyzed BP and HR data for all 26 partic-
ipants, other hemodynamic data were only interpretable
for half of these participants due to failure of the
impedance cardiograph device. The duration of supple-
mentation was only 8 weeks, which does not allow for
a new membrane fatty acid steady state to be estab-
lished [45]. Incorporating a 6-week washout between
periods allowed 14 weeks separation between testing
sessions; however, we cannot completely rule out the
possibility that erythrocyte DHA exhibited some amount
of carryover [23]. Another potential limitation is that
cardiovascular testing was performed at the end of each
period and not at study entry; however, treatment order
was randomized and mixed modeling adjusted for ha-
bituation effects when they occurred. Stressors were
presented in a fixed order and carryover effects may
have been involved. It is important to note that we did
not analyze reactivity scores (change from resting base-
line) because omega-3 fatty acid supplementation had
significant effects on resting measurements and no dif-
ferential effects on the individual stress tasks. Therefore,
while we cannot draw conclusions about the effects of
omega-3 fatty acid supplementation on cardiovascular
reactivity, our findings may be interpreted as evidence
that omega-3 fatty acid supplementation affects systemic
hemodynamics under conditions of rest and psycholog-
ical/physiological stress. However, we may have been under-
powered to detect significant treatment by task effects.

Conclusions

In summary, we demonstrated that omega-3 fatty acids have
dose-dependent effects on BP, HR, and some aspects of
systemic hemodynamics. Reductions in BP, stroke volume,
and cardiac contractility were observed only with the higher
dose, and the magnitude of BP reduction was predicted by
increases in omega-3 fatty acids in erythrocytes. In contrast,
HR was reduced by both doses in a dose–response manner
and this change was not associated with changes in eryth-
rocyte fatty acids. These findings support existing evidence
that populations at risk for coronary artery disease with low
omega-3 intake would achieve modest, dose-dependent ben-
efits on BP and HR by adding oily fish and/or fish oil
capsules to their diets.
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