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Abstract
Objective—This study examined the dose-dependent effects of eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) supplementation on heart rate variability (HRV) at rest and during
standard laboratory stress tasks. We also investigated whether EPA + DHA supplementation was
associated with changes in mood state.

Methods—This placebo-controlled, double-blind, randomized, three-period crossover trial (8-
week treatment, 6-week washout) compared two doses of EPA + DHA supplementation (0.85 and
3.4 g/d) in 26 adults with elevated triglycerides. After each treatment period, HRV was assessed
during an acute stress protocol that included a resting baseline, standard laboratory stress tasks
(speech task and cold pressor), and recovery periods. In addition, mood state was assessed.

Results—Root mean square of successive differences in interbeat interval and total power
increased 9.9% and 20.6%, respectively, after the high dose relative to placebo (Tukey p = .016
and .012, respectively). The low dose was not significantly different from the high dose or placebo
dose. There was a trend for a treatment effect on high-frequency HRV (p = .058), with 21.0%
greater power observed after the high dose compared with placebo (Tukey p = .052). Mood did
not differ between treatments, and there was no association between mood state and HRV.

Conclusions—In healthy adults with elevated triglycerides, supplementation of 3.4 g/d EPA +
DHA resulted in greater HRV, whereas 0.85 g/d EPA + DHA had no effect. These results indicate
that EPA + DHA supplementation may improve autonomic tone in adults at increased risk for
cardiovascular disease within 8 weeks.

Trial Registration—NCT00504309 (ClinicalTrials.gov).
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INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of death in the world (1). Increased
sympathetic nervous system function is believed to contribute to the development of CVD,
whereas increased parasympathetic activity seems to protect against sudden cardiac death
(2,3). Heart rate variability (HRV) is a noninvasive method used to index autonomic
influence on cardiac function by quantifying the beat-to-beat fluctuations in R-R interval (4).
Spectral analysis of these fluctuations allows identification of several frequency bands, each
with its own physiological determinants (5). Although there is controversy over what these
parameters represent and which are most important for assessing CVD risk (6,7), there is
robust evidence that less HRV is associated with greater CVD morbidity (8–10). In addition,
several studies have reported that reductions in HRV at rest that persist during standardized
laboratory stress tasks can predict increases in cardiovascular risk above and beyond
traditional risk factors (11–13), which indicates that evaluating autonomic tone during stress
may be beneficial to risk assessment.

In contrast, the omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) have been shown to decrease CVD morbidity and mortality, at least partially via
antiarrhythmic mechanisms (14,15). EPA + DHA supplementation also has well-
documented triglyceride-lowering effects, and higher doses (2–4 g/d EPA + DHA) are
indicated for clinical treatment of severe hypertriglyceridemia (fasting triglycerides ≥500
mg/dl) (16). Recommendations regarding omega-3 intake for CVD prevention typically do
not exceed 1 g/d EPA + DHA, and dietary sources are emphasized over nutritional
supplements (17). Greater intake of EPA + DHA from fatty fish and/or fish oil supplements
has been associated with increased HRV in some (18–20) but not all (21) epidemiological
studies. Intervention studies provide evidence that EPA + DHA supplementation can
improve or prevent a decline in HRV in individuals at increased risk for CVD (22–24) and
those with established CVD (25–28). This effect on HRV may be one mechanism by which
omega-3s exhibit their antiarrhythmic properties (29). However, other intervention studies
reported null findings (30,31), particularly those enrolling healthy participants (32–34).
Disease state could be a key factor in understanding these mixed results because healthy
individuals may not respond to a CVD intervention in the same way as individuals with
elevated risk or established CVD. Dose should also be considered because studies
examining interventions of 3.0 to 6.0 g/d consistently observe a beneficial effect on HRV
(22,23,26,27), whereas interventions testing doses of 2.0 g/d or less equally report beneficial
(24,25) or null (30,31) findings.

Depression and other negative mood states also have been associated with increased CVD
morbidity and mortality. The prevalence of depression in patients with coronary artery
disease is approximately three-fold greater than that in the general population (35), and both
major depressive episodes and subclinical depressive symptoms have been associated with
cardiac events and survival rates (36–38). In addition, a recent review concluded that stress
likely contributes to cardiac events and increases cardiovascular vulnerability (39). Mood
state may influence cardiovascular health through stress-induced activation of the
hypothalamic-pituitary-adrenal axis (40) or by depression-induced impairments of
autonomic tone and reductions in HRV (41). Given the putative effect of omega-3 fatty
acids on autonomic tone as described previously, it is plausible that omega-3 fatty acids may
benefit mood states. Indeed, cross-sectional studies have reported inverse relationships
between major depression and fish consumption (42–44), and a recent meta-analysis of 35
randomized controlled trials concluded that EPA + DHA supplementation may improve
depressed mood in clinical populations with major depression (45). However, the evidence
for EPA + DHA supplementation affecting subclinical depressed mood states in this meta-
analysis was less conclusive, with most studies showing no effect.
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Therefore, the purpose of this study was to compare the effects of EPA + DHA
supplementation on HRV and mood. This protocol was conducted within a larger clinical
trial that was designed to assess the effect of EPA + DHA supplementation in adults with
elevated triglycerides (150–500 mg/dl) (46). Compared with healthy individuals, those with
CVD risk factors have impaired HRV (47), and the effects of supplementation on autonomic
activity may be more pronounced than those in individuals with normal cardiac function.
We compared two doses to placebo supplementation: a low dose recommended for
secondary prevention of CVD (0.85 g/d (17)) and a high dose indicated to lower high (>500
mg/dl) triglycerides (3.4 g/d (16)). In a previous publication, we reported that the high dose
significantly reduced blood pressure and heart rate at rest and during acute stress (48). This
study builds upon those results by investigating whether EPA + DHA supplementation
affects autonomic activity, which could be related to the changes we observed in
cardiovascular hemodynamics. For the primary analysis examining HRV at rest and during
standard laboratory stress tasks, we hypothesized that EPA + DHA supplementation would
increase HRV in a dose-dependent manner. Our secondary analysis evaluated the effects of
EPA + DHA supplementation on mood state assessed at the end of each treatment period via
self-report questionnaires. Finally, exploratory analyses were conducted to determine the
association between HRV and mood state in this sample. The effect of these treatments on
lipids, glycemic markers, endothelial function, inflammatory markers, erythrocyte fatty acid
composition, blood pressure, and other hemodynamic variables has been reported previously
(46,48).

METHODS
We enrolled healthy, nonsmoking men (n = 23) and postmenopausal women (n = 3) with
moderate hypertriglyceridemia (150–500 mg/dl), as described in detail previously (46).
Participants were required to be 21 to 65 years of age and have a body mass index of 20 to
39 kg/m2. Exclusion criteria were tobacco use; acute or chronic inflammatory conditions;
hypertension (blood pressure ≥150/95 mm Hg); liver or kidney dysfunction (self-reported or
abnormal screening blood work); unwillingness to discontinue nutritional supplements
(except for calcium, which was allowed at a stable dose); weekly intake of two or more
servings of fish, flaxseed, or walnuts; use of oral contraceptives or hormone replacement
therapy; use of lipid-lowering, anti-inflammatory, anti-depressant, or blood pressure
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 supplements, and maintain their body weight.
The final study population was, on average, middle-aged (mean age = 44 years), overweight
(mean body mass index = 29 kg/m2), and normotensive (mean blood pressure = 123/82 mm
Hg). The sample was predominantly non-Hispanic white and contained one participant of
Asian Indian descent. Approval for the study was granted by the Pennsylvania State
University institutional review board, and written informed consent was obtained from all
participants. This study was registered on ClinicalTrials.gov (NCT00504309). Participant
enrollment began in March 2007, and data collection finished in January 2009.

Experimental Design
The protocol used a randomized, double-blind, placebo-controlled, three-period crossover
design. During each treatment period (8 weeks each, 6-week washout), participants
consumed four capsules daily containing a total of either 0 g/d (four placebo capsules
containing corn oil), 0.85 g/d (low dose, one active capsule and three placebo), or 3.4 g/d
(high dose, four active capsules). Participants were assigned to an order of treatment periods
by simple randomization. The active capsules were prescription omega-3 acid ethyl ester
capsules containing EPA and DHA in a ratio of 1.2:1 (Lovaza; GlaxoSmithKline,
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Philadelphia, PA). At the end of each treatment period, mood state and HRV at rest and
during two standard laboratory stressors were assessed (details later). Visits were scheduled
in the afternoon, and time of day was held constant within participants. Four hours before
testing, participants were told to consume a light (low-fat) meal and take half their daily
treatment dose (two capsules) with this meal. For the low-dose treatment, this dose included
the active capsule. They were instructed to avoid pain relievers and alcohol (24 hours),
caffeine, decongestants, and exercise (12 hours) on the day of the visit. Compliance with
previsit instructions was verified via self-report. Participants were rescheduled if they
reported symptoms of acute infection.

Stress Tasks
In keeping with several previous studies (49–51), participants were given 2 minutes to
prepare for a 3-minute speech on one of three hypothetical situations (being falsely accused
of shoplifting, being prevented from boarding a flight, and receiving a traffic ticket).
Participants were told that the speech would be videotaped and evaluated by the researchers
for content and clarity. During the cold pressor task, participants immersed one foot up to
the ankle into 4°C water for 2.5 minutes. Each task was followed by a 10-minute recovery
period. HRV was collected continuously during the baseline rest, stress tasks, and recovery
periods. Means were calculated for each of the six tasks (baseline rest, speech preparation,
speech delivery, Recovery 1, cold pressor, Recovery 2). These six tasks were treated as
repeated measures for each testing session.

HRV Assessment
Three electrocardiogram electrodes were placed according to the guidelines for impedance
cardiography (52). The electrocardiogram was used to obtain raw interbeat intervals (R-R)
recorded at a frequency of 1000 Hz. The R-R interval sequences were visually inspected,
and the data considered artifactual were manually replaced by interpolated or extrapolated
data. The square root of the mean squared differences of successive R-R intervals (RMSSD;
in milliseconds) was calculated using commercial software (Nevrokard, Medistar Inc.).
Frequency-domain measures of HRV (total power and high frequency [HF]) were calculated
using autoregressive spectra and standard methods (53). Oscillations in the HF-HRV band
(0.15–0.4 Hz) are thought to reflect vagal modulation of heart rate (54). HF-HRV values are
presented in raw (in milliseconds squared) and normalized units (nu), the latter calculated
according to standard formulae (HF-HRV/[total power − very low frequency power] (4)).

Mood State Assessment
Perceived stress, anxiety, depressed mood, and positive (POS) and negative affect (NEG)
were assessed via self-administered questionnaires at the beginning of the stress testing
session.

Perceived Stress Scale
Perceived stress during the last month was assessed using the 14-item Perceived Stress Scale
(PSS) (55,56). Frequency of perceived stress was determined using a 5-point scale (0 =
never, 4 = very often). A total perceived stress score was calculated with a possible range of
0 to 56 (PSS). In a large nonclinical sample of adults in the United States, the average PSS
score was 19.6 (standard deviation [SD] = 7.5). This scale has shown excellent concurrent
and predictive validity, as well as internal reliability (Cronbach α > .75) (55,56).

Spielberger State Anxiety Inventory
State anxiety was assessed using the Spielberger State Anxiety Inventory (STAI-State) (57).
This 20-item questionnaire assesses anxiety at the current moment on a 4-point scale (1 =
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not at all, 4 = very much so). A total state anxiety score was calculated, with a possible
range of 20 to 80 (STAI-State). In a large nonclinical sample of adults in the United States,
the average STAI-State score was 39.6 (SD = 11.6). This scale has shown to be valid with
excellent internal reliability (Cronbach α > .85) (57).

Positive and Negative Affect Scale
Affect was assessed using the Positive and Negative Affect Scale (58). This 20-item scale
assesses POS and NEG in the past 2 weeks on a 5-point scale (1 = very slightly or not at all,
5 = extremely). Total scores for each dimension are calculated, with a possible range of 10
to 50 (POS, NEG). In a large nonclinical sample of adults in the United States, the average
POS and NEG scores were 32.0 (SD = 7.0) and 19.5 (SD = 7.0), respectively. This scale has
shown excellent concurrent validity and internal reliability (Cronbach α >.74 for both
dimensions) (58).

Center for Epidemiological Studies Depression Scale
Symptoms of depressed mood were assessed using the Center for Epidemiological Studies
Depression Scale (CES-D) (59). Frequencies of 20 depressive symptoms within the past
week were determined on a 4-point scale (0 = rarely or none of the time, 3 = most or all of
the time). A total depressed mood score was calculated, with a possible range from 0 to 60
(CES-D). Scores of 16 or greater have typically been used as the cut-point to identify high
depressive symptoms. This scale has shown to be valid and reliable in screening for major
depressive symptoms and has excellent internal reliability (Cronbach α = .85) (59).

Statistical Analysis
HRV data were available for 25 of the 26 participants; data from 1 participant could not be
analyzed because of an inadequate signal. Statistical analyses were performed using SAS
(version 9.2; Statistical Analysis System, Cary, NC). Variables were tested for normality,
and all HRV variables, except HF-HRV (in normalized units), required log (base 10)
transformations (skew for HF-HRV [in normalized units], 0.23). The NEG scale and the
depressed mood scale (CES-D) also required log (base 10) transformations (skew, 1.52 and
1.75, respectively).

Repeated-measures analysis of variance (via the mixed-models procedure in SAS) was used
to test the effects of treatment on HRV and mood state. Models included treatment (0.85 g/d,
3.4 g/d, placebo), task (e.g. baseline, speech, etc), period (first, second, or third treatment
period), their interactions, and demographic covariates (age, sex, body mass index). Model
fit was evaluated with the Bayesian Information Criteria using several variance-covariance
matrix structures, and compound symmetry was selected as the optimal structure. This
statistical method has many advantages including the ability 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 (60). Significant effects (p ≤ .05) were further examined using the
Tukey post hoc test. When interaction effects were nonsignificant, only the main effects of
treatment and task were interpreted. Results in the tables and figures are least squares means
(standard error).

The correlation procedure in SAS was used to assess the association between HRV and
mood state. Owing to the large number of correlations tested, the Bonferroni adjustment for
multiple comparisons was applied by dividing our prespecified significance level (.05) by
the number of relationships tested (n = 20), which resulted in an adjusted significance
threshold of p < .0025 for the correlation analyses.
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RESULTS
Effects of Stress Tasks on HRV

As expected, the stressors induced significant changes in HRV compared with the resting
condition (Table 1). Compared with the baseline rest period, the preparation task
significantly reduced RMSSD (F(5,328) = 9.8, Tukey p < .001, Cohen d = −0.75) HF-HRV
(in milliseconds squared) (F(5,328) = 6.8, Tukey p < .001, Cohen d = −0.62), HF-HRV (in
normalized units) (F(5,329) = 13.5, Tukey p = .024, Cohen d = −0.54), and total power,
F(5,328) = 9.3, Tukey p < .001, Cohen d = −0.63). The speech task significantly reduced
RMSSD (F(5,328) = 9.8, Tukey p < .001, Cohen d = −0.66), HF-HRV (in milliseconds
squared), F(5,328) = 6.8, Tukey p < .001, Cohen d = −0.54), and HF-HRV (in normalized
units) (F(5,329) = 13.5, Tukey p < .001, Cohen d = −1.14). The cold pressor significantly
reduced HF-HRV (in normalized units) (F(5,329) = 13.5, Tukey p = .029, Cohen d = −0.55).
We also observed some variability in how HRV responded to the different stressors (Table
1). Compared with the preparation period, the speech task significantly reduced HF-HRV (in
normalized units) (F(5,329) = 13.5, Tukey p = .010, Cohen d = −0.59) and increased total
power (F(5,328) = 9.3, Tukey p < .001, Cohen d = 0.70), whereas the cold pressor
significantly reduced both RMSSD (F(5,328) = 9.8, Tukey p = .002, Cohen d = 0.46) and
total power (F(5,328) = 9.3, Tukey p < .001, Cohen d = 0.69). Compared with the speech
task, the cold pressor significantly reduced both RMSSD (F(5,328) = 9.8, Tukey p = .048,
Cohen d = 0.37) and HF-HRV (in normalized units) (F(5,329) = 13.5, Tukey p = .013,
Cohen d = 0.59).

Effects of EPA + DHA on HRV
High-dose EPA + DHA supplementation was associated with changes in RMSSD and total
power across the testing session (Table 2). Relative to placebo, mean RMSSD throughout
the resting and stressor tasks was 2.6 milliseconds (9.9%) higher after the high-dose
treatment (F(2,340) = 3.9, Tukey p = .016, Cohen d = 0.13) (Fig. 1), whereas mean total
power was 339.4 ms2 (20.6%) higher after the high-dose treatment (F(2,344) = 4.2, Tukey p
= .012, Cohen d = 0.26) (Fig. 1). RMSSD and total power after the low-dose treatment were
not significantly different from either the high dose or the placebo dose. There was also a
trend toward a significant effect of treatment of HF-HRV (F(2,341) = 2.9, p = .058), with
post hoc analysis revealing 21.0% greater HF-HRV after the high-dose treatment compared
with placebo (Tukey p = .052, Cohen d = 0.12). EPA + DHA supplementation did not
significantly affect normalized values of HF-HRV. The treatment × task interaction was
nonsignificant for all HRV variables.

Effects of EPA + DHA on Mood State
Mood state after each treatment period is summarized in Table 3. There was no significant
effect of EPA + DHA supplementation on any of the mood state measures.

Association Between HRV and Mood State
Because mood variables did not vary by treatment, cross-sectional associations between
mood state and HRV were examined with data collected on the placebo dose only.
Exploratory correlations between both baseline (resting) HRV and mean HRV (averaged
across the stress tasks) with mood state yielded no significant results. POS was positively
correlated with resting HF-HRV (in normalized units; Pearson coefficient = 0.46, p = .028);
however, this correlation did not reach the adjusted significance threshold (p > .0025).
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DISCUSSION
This study examined the dose-response effects of EPA + DHA supplementation on HRV
and mood state. As expected, RMSSD, a measure of parasympathetically mediated HRV
(61), was reduced during the stress tasks after all treatments. However, compared with
placebo supplementation, the high dose of 3.4 g/d EPA + DHA resulted in a 9.9% increase
in mean RMSSD that was evident during both resting and stressor tasks. Values after the
low dose of 0.85 g/d were not significantly different from either the high dose or the placebo
dose. Similarly, total power was significantly greater after the high-dose treatment compared
with placebo, whereas the low dose did not differ from either the high dose or placebo dose.
We observed a trend toward significance for HF-HRV (in milliseconds squared) that
mirrored the effect of EPA + DHA supplementation on RMSSD and total power.

To our knowledge, this is the first study to examine the effects of EPA + DHA
supplementation on HRV during standard laboratory stressors. Previous studies have
assessed HRV during periods of rest (22–25,30,34) and 24-hour ambulatory monitoring
periods (26–28,31–33). Although lower levels of resting (8–10) and ambulatory (62,63)
HRV have been associated with increased risk of CVD, assessment of HRV during standard
laboratory stressors provides a unique opportunity to examine HRV during conditions of
heightened sympathetic activity (64). Reduced HRV during acute stress has been
prospectively associated with an increased risk of CVD (11–13). For example, in healthy
middle-aged adults, lower RMSSD during stress predicted higher diastolic blood pressure 3
years later (12). Our study demonstrated that high-dose EPA + DHA supplementation may
increase HRV not only under resting conditions but also during periods of autonomic
activation. Although we observed some variability in how HRV responded to the different
stress tasks, the treatment × task interaction was nonsignificant for all HRV variables;
therefore, we only interpret the overall effect of treatment averaged across the resting
baseline, stress tasks, and recovery periods. The improvements we observed in mean HRV
during the stress protocol after EPA + DHA supplementation suggest the possibility of
reduction in cardiovascular risk; however, it is unlikely that short-term supplementation
could be expected to result in long-term benefit. Future studies should assess whether
improvements in HRV during acute stress are maintained over longer periods of EPA +
DHA supplementation.

Our results suggest that it is possible that EPA + DHA supplementation may reduce CVD
risk in adults with elevated triglycerides by influencing the autonomic nervous system.
Compared with healthy individuals, those with risk factors or established CVD have greater
sympathetic activity and impaired HRV (65), and the effects of supplementation may be
more pronounced than in individuals with normal cardiac function. Although previous
studies examining healthy populations did not find a beneficial effect of EPA + DHA
supplementation on HRV (32–34), most studies that enrolled individuals with CVD risk
factors or established CVD have reported autonomic benefits of 0.8 to 5.1 g/d EPA + DHA
supplementation for 1 to 3 months, consistent with our results (22–27). In overweight or
obese adults without existing CVD, Ninio et al. (22) observed an 18% increase in resting
HF-HRV after 12 weeks of EPA + DHA supplementation, reflecting enhanced
parasympathetic modulation of heart rate. Two studies assessing EPA + DHA
supplementation in patients after myocardial infarction reported improvements in HRV
owing to increases in vagally mediated HRV (measured by HF-HRV (25) and the SD of all
normal R-R intervals (26)). Conversely, Hamaad et al. (30) reported no change in HRV after
12 weeks of supplementation in patients after myocardial infarction. It is possible that EPA
+ DHA supplementation occurred at too low of a dose (0.8 g/d) to have an effect in this
study, or HRV may have already stabilized post–myocardial infarction because of standard
therapies that also affect autonomic activity.
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Consistent with previous findings for healthy populations, we did not observe relationships
between mood state, EPA + DHA supplementation, and HRV. Mood state scores after all
treatment periods were within the reference range (55,57, 59,66). Thus, our findings are in
agreement with a recent meta-analysis that concluded that there is no effect of EPA + DHA
supplementation on depressive symptoms in adults without clinical depression (45).
Similarly, our results are consistent with studies reporting that the association between
reduced HRV, clinical depression, and documented CVD (67,68) likely does not apply to
physically and psychologically healthy individuals.

Our study had several limitations. Our sample size was modest (n = 26) and consisted
mainly of white men (3 post-menopausal women). To explore the effect of the imbalance in
the numbers of men and women on the results, we conducted a subanalysis that excluded the
women. In this model, the effect of treatment on HF-HRV (in milliseconds squared) reaches
statistical significance (p = .04), with post hoc analyses indicating greater HF-HRV (in
milliseconds squared) after the high dose compared with placebo (Tukey p = .03). The
results for RMSSD, HF-HRV (in normalized units), and total power (in milliseconds
squared) did not change when women were excluded. Given the sex and age differences
reported in previous studies of HRV (69,70), we are unable to generalize our results to all
women, particularly premenopausal women. To fully elucidate the effects of EPA + DHA
supplementation on HRV according to sex, our study would need to be repeated in a larger,
sex-balanced sample. A second limitation is that the duration of supplementation was only 8
weeks per treatment period, which does not allow for maximal uptake of EPA + DHA into
the cell membrane. Six months of supplementation may be required to reach a steady state
of EPA and DHA concentrations in red blood cell membranes (71). However, by
incorporating a 6-week washout between treatments, we were able to separate the testing
sessions by 14 weeks, which provides an adequate washout to compare these two doses and
did result in statistically significant findings after only 8 weeks of active supplementation.
We also tested just two doses of EPA + DHA; therefore, our results cannot be generalized to
other doses. However, our doses were specifically chosen to reflect current
recommendations for secondary prevention of CVD (≈1 g/d EPA + DHA) and treatment of
elevated triglycerides (2–4 g/d EPA + DHA) (17), which increases the clinical relevance of
our findings. Furthermore, the Lovaza capsules used in this study are well characterized and
Food and Drug Administration approved for the treatment of hypertriglyceridemia. Other
potential limitations involve HRV methodology. First, HRV was only assessed after each
treatment period and not at study entry; however, treatment order was randomized and
mixed modeling adjusted for habituation effects when they occurred. Second, we assessed
HRV at rest and during acute stress, a model that has been associated with increased risk of
CVD but has not been previously used in trials assessing the effects of EPA + DHA.
Therefore, we were not able to directly compare our results with previous studies that
examined only resting or 24-hour ambulatory HRV.

In conclusion, we demonstrated that 3.4 g/d of EPA + DHA supplementation for 8 weeks
improves HRV in healthy adults with elevated triglycerides at rest and during stress. The
lower dose of 0.85 g/d EPA + DHA had no effect on HRV, and neither dose was associated
with changes in mood state in this sample of nondepressed individuals. We previously
reported that the high dose significantly reduced triglycerides, heart rate, and blood pressure
in this population (46,48). Taken together, our findings support existing evidence that
populations at risk for CVD with low omega-3 intake might achieve modest benefits on
cardiovascular risk factors by supplementing their diet with high doses (3.4 g/d) of EPA +
DHA.
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Glossary

CVD cardiovascular disease

HRV heart rate variability

EPA eicosapentaenoic acid

DHA docosahexaenoic acid

RMSSD square root of the mean squared differences in R-R interval

HF-HRV high-frequency heart rate variability

nu normalized units

PSS Perceived Stress Scale

STAI-State Spielberger State Anxiety Inventory

POS positive affect

NEG negative affect

CES-D Center for Epidemiological Studies Depression Scale
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Figure 1.
Effect of EPA + DHA on HRV at rest and during acute stress. Data (adjusted means
[standard error]) were obtained from the mixed-models procedure (n = 25). A, RMSSD
averaged across the six tasks was significantly affected by EPA + DHA supplementation (p
= .022). Mean RMSSD was higher after the 3.4-g/d treatment compared with placebo
(Tukey p = .016); the 0.85-g/d dose did not significantly differ from the 3.4-g/d dose or
placebo. B, High-frequency HRV (in milliseconds squared) averaged across the six tasks
trended toward a significant effect of treatment (p = .058). Mean high-frequency HRV (in
milliseconds squared) was higher after the 3.4-g/d dose compared with placebo (Tukey p = .
052). C, Total power averaged across the six tasks was significantly affected by EPA +
DHA supplementation (p = .016). Mean RMSSD was higher after the 3.4-g/d treatment
compared with placebo (Tukey p = .012); the 0.85-g/d dose did not significantly differ from
the 3.4-g/d dose or placebo. EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid;
RMSSD = square root of the mean squared differences in R-R interval; HRV = heart rate
variability.
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TABLE 1

Effect of Acute Stress on HRVa

Task RMSSD, msb HF-HRV, ms2b HF-HRV, nub Total Power, ms2b

Baseline rest 32.2 (2.1) 417.7 (51.9) 45.2 (2.9) 2008.0 (179.1)

Preparation 24.1 (2.1)c 257.3 (50.8)c 37.2 (2.9)c 1440.6 (174.5)c

Speech 25.2 (2.1)c,d 279.1 (51.1)c 28.7 (2.9)c,d 2049.3 (175.8)

Recovery 27.5 (2.1)c 303.0 (51.1)c 40.3 (2.9) 1706.3 (175.9)

Cold 29.0 (2.1) 321.3 (51.6) 37.2 (2.9)c 2056.2 (178.0)

Recovery 27.7 (2.2)c 327.2 (52.4) 47.8 (3.0) 1595.3 (181.3)c

HRV = heart rate variability; RMSSD = square root of the mean squared differences in R-R interval; HF-HRV = high-frequency heart rate
variability; nu = normalized unit.

a
Data (adjusted means [standard error]) and p values were obtained from the mixed-models procedure (n = 25).

b
Main effect of task, p < .001.

c
Significantly different from baseline rest, Tukey p < .05.

d
Significantly different from cold, Tukey p < .05.
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TABLE 3

Effect of EPA + DHA on Mood Statea

Measure 3.4 g/d 0.85 g/d Placebo

PSS 25 (1) 26 (1) 24 (1)

STAI-State 47 (1) 48 (1) 46 (1)

POS 36 (1) 36 (1) 36 (1)

NEG 15 (1) 17 (1) 15 (1)

CES-D 7 (2) 8 (2) 8 (2)

EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; PSS = Perceived Stress Scale; STAI-State = Spielberger State Anxiety Inventory;
POS = positive dimension from Positive and Negative Affect Scale; NEG = negative dimension from Positive and Negative Affect Scale; CES-D =
Center for Epidemiological Studies Depression Scale.

a
Data (adjusted means [standard error]) were obtained from the mixed-models procedure (n = 26). There were no significant differences between

treatments.
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