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Abstract
Higher levels of omega-3 track with longer telomeres, lower inflammation, and blunted sympathetic and cardiovascular
stress reactivity. Whether omega-3 supplementation alters the stress responsivity of telomerase, cortisol, and inflammation is
unknown. This randomized, controlled trial examined the impact of omega-3 supplementation on cellular aging-related
biomarkers following a laboratory speech stressor. In total, 138 sedentary, overweight, middle-aged participants (n= 93
women, n= 45 men) received either 2.5 g/d of omega-3, 1.25 g/d of omega-3, or a placebo for 4 months. Before and after
the trial, participants underwent the Trier Social Stress Test. Saliva and blood samples were collected once before and
repeatedly after the stressor to measure salivary cortisol, telomerase in peripheral blood lymphocytes, and serum anti-
inflammatory (interleukin-10; IL-10) and pro-inflammatory (interleukin-6; IL-6, interleukin-12, tumor necrosis factor-alpha)
cytokines. Adjusting for pre-supplementation reactivity, age, sagittal abdominal diameter, and sex, omega-3 supplementation
altered telomerase (p= 0.05) and IL-10 (p= 0.05) stress reactivity; both supplementation groups were protected from the
placebo group’s 24% and 26% post-stress declines in the geometric means of telomerase and IL-10, respectively. Omega-3
also reduced overall cortisol (p= 0.03) and IL-6 (p= 0.03) throughout the stressor; the 2.5 g/d group had 19% and 33%
lower overall cortisol levels and IL-6 geometric mean levels, respectively, compared to the placebo group. By lowering
overall inflammation and cortisol levels during stress and boosting repair mechanisms during recovery, omega-3 may slow
accelerated aging and reduce depression risk. ClinicalTrials.gov identifier: NCT00385723.

Introduction

Omega-3 fatty acid consumption may lessen accelerated
aging and early mortality. Men and women in the top
quintile of omega-3 fatty acid intake had 15% and 18%
lower cardiovascular disease mortality 16 years later,
respectively, compared to those in the lowest quintile [1].
At a cellular level, higher blood levels of omega-3 track
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with longer telomeres [2, 3], which are DNA repeats at the
end of chromosomes that help to maintain genomic integrity
during cell division [4], thereby promoting healthy cellular
aging. Results from genome-wide association studies sug-
gest a causal role of short telomeres in age-related disease,
especially cardiovascular disease [5, 6]. Thus, there is evi-
dence that omega-3 promotes longevity at both the epide-
miological and cellular level.

A dysregulated physiological stress response is a risk factor
for many physical and mental diseases, including depression
[7, 8], and omega-3 may reduce morbidity by regulating stress-
responsive systems. University students with higher serum
omega-3 levels were buffered from an uptick in stimulated pro-
inflammatory cytokine release during a high-stress exam period
[9]. Heightened inflammatory reactivity to acute stress may
increase risk for depression [10], and therefore, omega-3’s anti-
inflammatory properties may help to break the link between
stress exposure and depression. Intriguingly, omega-3 supple-
mentation also reduces sympathetic and cardiovascular reac-
tivity to an acute stressor [11–13].

Prior publications from this randomized, placebo-controlled
trial (RCT) showed that 4 months of omega-3 supplementation
lowered basal inflammation and oxidative stress [2, 14], but
this preplanned ancillary substudy investigated whether it
altered the stress responsivity of biomarkers relevant to telo-
mere length and cellular aging (i.e., cortisol, inflammatory
cytokines, and telomerase). Cortisol and pro-inflammatory
cytokines naturally rise after acute stress, but exaggerated
cortisol responses are associated with shorter telomeres both
cross-sectionally and longitudinally [15, 16], and pro-
inflammatory cytokines fuel oxidative stress [17, 18], which
shortens telomeres [19]. We hypothesized that omega-3 sup-
plementation would reduce cortisol and inflammatory stress
reactivity. Telomerase is an enzyme that maintains and restores
telomeres, and Epel et al. [20] found differences in response to
an acute laboratory stressor—the Trier Social Stress Test
(TSST). We predicted that telomerase levels would not change
following an acute stressor among those taking omega-3. In
accord with the post-stress trajectory observed in Epel et al.’s
[20] low-stress, non-caregiving cohort, we expected that the
placebo group’s telomerase would first rise within 45min, and
then fall at 120min post stress. Importantly, we investigated
these questions in a sedentary, overweight sample of middle-
aged adults—a high-risk group for accelerated aging [21].

Subjects and methods

Participants

Overall, 138 individuals (93 women, 45 men), ages 40–85,
participated in this RCT. Campus and community print and
web-based announcements were used for recruitment. The

Ohio State University biomedical institutional review board
approved this study. Each participant provided written
informed consent. These ancillary hypotheses were pre-
specified and are distinct from the primary results [2, 14].

Due to our desire to study sedentary, overweight indi-
viduals, only those who engaged in <2 h of vigorous phy-
sical activity per week and had a body mass index (BMI)
between 22.5 and 50 were included. The parent study’s
exclusionary criteria, described elsewhere, yielded a sample
that was free of metabolic, autoimmune, and inflammatory
diseases and did not take medications that alter mood,
cardiovascular, or immune function [2, 14].

Across groups, 63% of participants were women, 79%
were white, and 16% were black. Participants’ ages ranged
from 40 to 85 with a mean of 51 years. Using the BMI cut
point of 25 kg/m2, 125 (91%) were overweight (Table 1).

Randomization and blinding

At the baseline visit, participants were randomly assigned to a
group using a permuted block randomization sequence and
given their 1st month’s supply. At every subsequent visit,
participants returned unused supplements and received the
next month’s supply. Adherence was high and did not differ
between groups, with 3.3%, 2.0%, and 2.6% percent of
unused supplements returned in the placebo-, low-, and high-
dose groups, respectively (p= 0.31). As previously described,
participants and experimenters were adequately blinded [14].

Procedure

At the baseline and post-intervention visits, participants
arrived at The Ohio State University’s Clinical Research
Center, a hospital research floor, at 07:45 and completed
mood questionnaires, ate a standardized breakfast, had a
baseline blood draw around 08:50 to assess pre-stressor
telomerase and cytokine levels, and provided saliva for a
baseline cortisol measure. Around 10:10, participants

Table 1 Baseline characteristics.

Placebo
(n= 46)

1.25 g/d
(n= 46)

2.5 g/d
(n= 46)

Age (years)a 51.1 (8.6) 51.1 (8.0) 51.0 (6.7)

Female 36 (78%) 28 (61%) 29 (63%)

Race

White 33 (72%) 39 (85%) 37 (80%)

Black 9 (20%) 5 (11%) 8 (17%)

Asian 2 (4%) 1 (2%) 1 (2%)

Other 2 (4%) 1 (2%) 0 (0%)

Sagittal abdominal
diameter (cm)a

22.8 (3.2) 23.9 (3.4) 22.9 (2.9)

aData are mean (SD).
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completed a 20-min stressor, detailed below. Participants
had their blood drawn to measure telomerase and cytokine
levels 0.75 and 2 h post stress. Participants also provided
saliva to measure cortisol immediately post stressor, as
well as 0.75, 1.25, 1.75, and 2 h post stress. They also
reported their state anxiety levels before and after the
stressor.

Supplement and placebo

In this three-arm parallel group RCT, participants received
either (a) 2.496 g/d omega-3 (n= 46), (b) 1.25 g/d omega-3,
and placebo (n= 46), or (c) placebo (n= 46). All partici-
pants took six pills (3 g oil) daily. For the two supplement
groups, each 500 mg gel capsule contained 347.5 mg eico-
sapentaenoic acid (EPA) and 58 mg docosahexaenoic acid
(DHA). Thus, the high-dose group took 2085 g/d of EPA
and 348 g/d of DHA and the low-dose group took 1042.5 g/
d or EPA and 174 g/d of DHA. The placebo was a mixture
of palm, olive, soy, canola, and coco butter oils that
approximated the saturated:monounsaturated:poly-
unsaturated ratio consumed by US adults, 37:42:21 (USDA
Continuing Survey of Food Intake by Individuals,
1994–1996). OmegaBrite (Waltham, MA) supplied both the
omega-3 and the matching placebo. See Supplementary
Table 1 for fatty acid analysis of supplement.

Psychosocial stressor

The TSST is a well-validated, widely used psychosocial
laboratory acute stress paradigm [22]. After participants
were given instructions, they had 10 min to prepare a speech
about why they were the best job candidate. Without using
notes or aides, participants then delivered a 5-min speech in
front of a video camera and a panel of two judges wearing
white lab coats who were told to maintain a neutral facial
expression. If participants’ speeches ended early, they were
told to continue until the full 5 min had passed. After the
speech, participants completed a 5-min serial-subtraction
task out loud in front of the same panel. When participants
made mistakes, they were told to restart from the beginning.
The TSST reliably provokes strong neuroendocrine and
inflammatory responses [23].

State Anxiety Index

Participants reported their state anxiety levels before and
after the TSST on the widely used Spielberger et al. [24]
20-item State Anxiety Index. The measure asks participants
to rate on a four-point scale how strongly they are
experiencing each feeling (e.g., calmness, jitteriness) “right
now, in this moment,” ranging from “not at all” to
“very much.”

Cellular aging biomarkers

Salivary cortisol was assayed using the Cortisol Coat-A-
Count Radioimmunoassay (Diagnostic Products Corpora-
tion). This plasma kit was modified to measure free cortisol
in saliva per the manufacturers’ directions. The assay was
counted and calculated on the Packard Cobra II Gamma
Counter (Packard Instrument Company). The sensitivity
was 0.025 ul/dl and the inter-assay coefficient variation was
5.2%. This assay method for telomerase and these cytokines
are described elsewhere [2, 14]. The inter-assay coefficients
of variation were 6.8% for telomerase, 12.5% for
interleukin-6 (IL-6), 12.1% for TNF-α, 6.4% for
interleukin-10 (IL-10), and 10.5% for IL-12.

Power analysis

There were no prior data on omega-3 supplementation’s
effect on cortisol and telomerase stress reactivity, so we
based our a priori power analysis on past reports of its
association with inflammatory reactivity. In groups similar
to our placebo group, stress boosted TNF-α by 0.6 standard
deviations (effect size= 0.6) [9, 25]. However, among
those with higher serum omega-3 levels, TNF-α increased
only 0.1 standard deviations after stress, six times lower
than those who have low serum levels of omega-3 [9].
Using these results and an estimated standard deviation of
0.79 pg/mL based on pilot data from our laboratory results
in an estimated reduction in stress-related increase of 0.46
pg/mL in the lower dose group versus placebo. Thus, a
sample size of 46 per group would allow us to detect this
reduction (effect size 0.6) with 80% power.

Analytical plan

Zero-order correlations between variables of interest at the
baseline visit were performed. All physiological outcomes
were natural-log transformed due to their positive skew to
ensure homoscedastic residuals. A time variable was created
to index telomerase and cytokine reactivity time points (80
min before the stressor, 45 min after stress onset, and 120
min after stress onset). Because cortisol was assessed at six
time points throughout the stressor, we calculated area
under the curve with respect to ground (AUCg) as an index
of total cortisol release as well as area under the curve with
respect to increase (AUCi) as an index of cortisol reactivity
to the stressor.

To test group differences in cortisol at the post-
intervention visit, we used linear regression models with
group predicting post-intervention cortisol reactivity
(AUGi) and total cortisol (AUGg), adjusting for baseline
values. To assess whether there were group differences in
telomerase and cytokine stress reactivity and overall levels
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at the post-intervention visit, we used hierarchical linear
models with group, time, and a group by time interaction
variable to predict telomerase, pro-inflammatory cytokine
(i.e., IL-6, TNF-α, IL-12), and anti-inflammatory cytokine
(i.e., IL-10) trajectories, adjusting for baseline values (at
each reactivity time point). To account for sex-based dif-
ferences in stress reactivity [26], we also tested sex as a
moderator in all primary models. However, there were no
sex-based differences in the effect of omega-3 supple-
mentation on overall levels (ps > 0.22) or reactivity (ps >
0.11) of the outcomes of interest, so sex was not included as
a moderator in final models. These hierarchical linear
models used a subject-specific random intercept to account
for the within-subject correlation of the repeated measure-
ments within the visit, and the Kenward–Roger adjustment
to the degrees of freedom. As in our study on basal telomere
length and oxidative stress [2], all models were adjusted for
age, sagittal abdominal diameter, and sex.

Our analytic strategy required the inclusion of partici-
pants’ post-intervention outcome measurements in the
models. We added telomerase and cortisol assessments after
the trial began, so only 103 and 118 had baseline telomerase
and cortisol data, respectively. Two participants were lost
to follow-up (n= 1 in placebo, n= 1 in 1.25 g/d) and three
(n= 1 in placebo, n= 2 in 2.5 g/d) discontinued the inter-
vention. In addition, one participant did not have a sagittal
abdominal diameter measurement and therefore was
excluded from all analyses. Data from 97 participants were
included in the telomerase model, 110 in the cortisol
models, and 120–131 in the cytokine analyses (IL-6 n=
131, TNF n= 131, IL-10 n= 127, IL-12 n= 120). Sup-
plementary Fig. 1 shows the participant flow through the
trial.

Since the resulting analyses did not use all randomized
subjects, we compared baseline outcome levels across the
groups to ensure there were no differences. The same
modeling strategy was used for these analyses as for the
primary analyses (linear regression for cortisol AUCg and
AUCi; hierarchical linear models for telomerase and cyto-
kines; adjustment for age, sagittal abdominal diameter,
and sex).

When a significant group by time interaction occurred,
the following preplanned contrasts were performed to probe
the interaction: (1) between-group mean differences at each
time point (pre-stress, 45 min post stress, 120 min post
stress) and (2) within-group changes between each time
point. When a significant group main effect occurred (with
nonsignificant interaction), we contrasted overall group
means (pooled across time points). Two-tailed tests of sig-
nificance were conducted and all alpha levels were set at α
= 0.05. Data were analyzed with SAS version 9.4 (SAS
Institute, Cary, NC). Relevant data and statistical code will
be made available upon written request.

Results

Manipulation check

At both visits, participants reported higher state anxiety
levels immediately after the TSST than they did before the
stressor (baseline visit: paired t(133)= 8.7, p < 0.0001;
post-intervention visit: paired t(122)= 6.8, p < 0.0001),
indicating that the manipulation was successful.

Omega-3 supplementation and telomerase
reactivity

At the baseline visit, there were no group differences in
overall levels (ps > 0.17) or reactivity (ps > 0.08) of the
outcomes of interest. Estimated marginal means are shown
in Supplementary Tables 2 and 3. However, omega-3 sup-
plementation impacted post-intervention telomerase reac-
tivity to the laboratory stressor (p= 0.05) (Fig. 1) but not
overall telomerase levels (p= 0.98). Among those in the
two supplement groups, telomerase did not change
throughout the measurement period (ps > 0.07). In contrast,
among those in the placebo group, telomerase did not
change from pre-stress to 45 min post stress (p= 0.90), but
sharply declined from 45 to 120 min post stress (p= 0.001).
Preplanned contrasts showed that there were no between-
group differences in telomerase before the stressor (ps >
0.58), 45 min (ps > 0.26), or 120 min (ps > 0.13) post stress
onset.

Omega-3 supplementation and cortisol reactivity

Omega-3 supplementation did not impact cortisol reactivity
to the laboratory stressor, as measured by the area under the
curve increase (p= 0.44). However, omega-3 supple-
mentation lowered total cortisol levels throughout the
stressor in a dose-response manner, as indexed by AUCg (p
= 0.04); those receiving the high dose had the lowest
overall cortisol levels, and those in the placebo group had
the highest (Fig. 2). Those taking the high dosage of omega-
3 had significantly lower cortisol compared to the placebo
group (p= 0.01); those taking the low dose did not differ
from the placebo group (p= 0.29). Across all participants,
the TSST caused a significant rise in cortisol at both visits
(baseline visit: paired t(119)= 5.6, p < 0.0001; post-
intervention visit: paired t(112)= 4.1, p < 0.0001).

Omega-3 supplementation and inflammatory
reactivity

Omega-3 supplementation influenced IL-10 stress reactivity
(interaction effect F(4, 206)= 2.44, p= 0.05) but not
overall levels (p= 0.30). Although there were no group
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differences before (ps > 0.71) or 45 min after the stressor
(ps > 0.14), those in the omega-3 groups had higher levels
of IL-10 120 min after the stressor (ps < 0.05) (Fig. 3). In
the placebo group, IL-10 declined from pre-stress to
120 min post stress (change=−0.199, SE= 0.067, t(206)
=−2.95, p= 0.004), but the omega-3 supplementation
groups did not have this decline (ps > 0.34).

Omega-3 supplementation did not affect IL-6 stress
reactivity (interaction effect p= 0.11), but it did lower
overall IL-6 levels (main effect F(2, 226)= 3.73, p= 0.03).
The high-dosage group had lower IL-6 levels than the
placebo group (B= 0.288, SE= 0.106, t(226)= 2.71, p=
0.007) but there were no other group differences (ps > 0.10)
(Fig. 4). Omega-3 supplementation did not impact TNF-α
or IL-12 reactivity to the stressor (interaction effect ps >
0.34) or overall levels (main effect ps > 0.59). The TSST
triggered an increase in IL-6 at both visits across all parti-
cipants (baseline visit: paired t(129)= 10.0, p < 0.0001;
post-intervention visit: paired t(123)= 8.5, p < 0.0001).

Discussion

In this RCT, omega-3 supplementation blocked stress-
related decreases in telomerase and anti-inflammatory cel-
lular signaling, while reducing overall cortisol and IL-6
levels among sedentary, overweight middle-aged adults.
Specifically, the high dose (2.5 g/d) lowered overall cortisol
and IL-6, while the 1.25 g/d dose was sufficient to ward off
a post-stress drop in telomerase and IL-10 levels. These
findings complement and extend our prior work, which
showed that omega-3 supplementation reduced basal
inflammation and oxidative stress [2, 14]. Our current
findings were dose dependent, such that those receiving the
high dose had the greatest differences compared to the
placebo group—suggesting a causal relationship. Taken

together, these results provide initial evidence that omega-3
may have a unique stress-buffering effect on biomarkers
relevant to cellular aging and mental health among a
sedentary, overweight middle-aged sample.

Omega-3 supplementation and telomerase
reactivity

Among those in the supplement groups, telomerase levels
did not change in response to an acute stressor. In contrast,
the placebo group’s geometric mean of telomerase dropped
24% between 45 and 120 min after the stressor. To our
knowledge, this is the longest post-stress follow-up mea-
surement of telomerase reported in the literature. Epel et al.
[20] previously showed a slight numerical telomerase
decline among non-caregiver control group between 50 and
90 min post stress. Data from our longer follow-up period
suggest that without the buffering effects of omega-3, tel-
omerase may ultimately drop below pre-stress levels 2 h
post stressor. However, this finding is preliminary due to a
paucity of research in this domain and replication is needed.

If telomerase does decline following stress, it could be
intensified with repeated or chronic stressors. Indeed,
chronically stressed caregivers had lower overall telomerase
throughout an acute stressor, compared to non-caregivers
[20]. Several samples experiencing adversity have shown a
pattern of short telomeres with high telomerase activity
[27, 28]—a compensatory profile of short but stable telo-
meres. However, some individuals under chronic or repe-
ated stress may have the detrimental combination of short
telomeres and low telomerase activity, leading to acceler-
ated telomere shortening.

Intriguingly, in the control group, we did not replicate
Epel et al.’s [20] finding of increased telomerase within 1 h
after the stressor. Unlike Epel et al.’s sample, ours was
overweight and rarely engaged in vigorous physical

Fig. 1 Omega-3
supplementation impacted
telomerase reactivity to an
acute stressor (p= 0.05).
Supplementation with either 2.5
or 1.25 g/d of omega-3
prevented changes in telomerase
following an acute stressor (ps >
0.07). In contrast, those in the
placebo group had a 24%
decline in the geometric mean of
telomerase from 45 to 120 min
after the stressor (p= 0.001).
Error bars are ±1 standard error.

Omega-3 supplementation and stress reactivity of cellular aging biomarkers: an ancillary substudy of a. . .



activity, two risk factors for accelerated aging [21, 29];
these factors may blunt the post-stress telomerase rise—a
question for future exploration.

Omega-3 supplementation and cortisol

Omega-3 supplementation reduced total cortisol levels
throughout the stressor. The high dose of omega-3 (2.5 g/d),
but not the low dose (1.25 g/d), produced a significant
(19%) reduction in total cortisol release compared to the
placebo group. Importantly, across all participants, cortisol
levels rose in response to the stressor, and therefore it is
significant that those who received the omega-3 supple-
mentation maintained lower cortisol levels throughout the
stressor. These findings are especially notable in light of the
growing literature implicating exaggerated cortisol stress

reactivity in many clinically important outcomes, including
hypertension [30], coronary artery calcification [31], and
depression [32]. In fact, heightened cortisol reactivity
uniquely predicted coronary artery calcification, whereas
sympathetic nervous system reactivity did not [31]. This
literature suggests that our finding is clinically meaningful;
through lower stress-induced cortisol release, omega-3
supplementation may help to prevent common chronic
diseases and depression.

In addition to these disease outcomes, a greater cortisol
response to acute stress dovetails with shorter telomeres
[7, 15, 16]. Therefore, telomerase may rise in tandem with
cortisol to protect telomeres. Indeed, Epel et al. [20]
reported that those with greater cortisol reactivity had
higher total telomerase levels throughout the stressor. In this
sample, the placebo group had higher cortisol levels

Fig. 2 Omega-3
supplementation lowered total
salivary cortisol output
throughout an acute stressor
(p= 0.04). Specifically,
supplementation with 2.5 g/d of
omega-3 resulted in 19% lower
total salivary cortisol throughout
the stressor compared to the
placebo group (p= 0.01), but
supplementation with 1.25 g/d
of omega-3 did not affect
cortisol levels compared to
placebo group (p= 0.29). Error
bars are 95% confidence
interval.

Fig. 3 Omega-3 supplementation influenced IL-10 stress reactivity
(p= 0.05). Supplementation with either 2.5 or 1.25 g/d of omega-3
prevented changes in IL-10 following an acute stressor (ps > 0.31). In
contrast, those in the placebo group had a 18% decline in the geometric

mean of IL-10 from pre-stress to 120 min after the stressor (p= 0.004),
such that their IL-10 geometric mean was 26% lower than the high-dose
group (p= 0.012) and 20% lower than the low-dose group (p= 0.047)
120 min after the stressor. Error bars are ±1 standard error.
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compared to the omega-3 groups throughout the stressor,
but we observed a telomerase drop 120 min post stress. This
finding aligns with the observation that cortisol suppresses
lymphocyte telomerase activity in vitro [33]. Without a
compensatory telomerase rise, telomeres may ultimately
shorten at a faster rate overtime. In contrast, those in the
omega-3 supplementation groups had lower total cortisol
release and maintained stable levels of telomerase
throughout the stressor, a combination that could help to
maintain telomere length across time.

Omega-3 supplementation and inflammation

The high 2.5 g/d dose of omega-3 lowered the overall pro-
inflammatory IL-6 geometric mean throughout the stressor
by 33%. The stressor triggered an increase in IL-6 across all
participants, but even so, omega-3 supplementation
decreased overall IL-6 levels during this stressful period.
Although the 1.25 g/d dose did not lower overall IL-6 levels
compared to the placebo, it was sufficient to prevent a 18%
post-stress drop in the anti-inflammatory cytokine IL-10
geometric mean. In contrast, neither omega-3 dosage
impacted TNF-α or IL-12 reactivity or overall levels. These
RCT findings extend evidence from an observational study
in which those with higher serum omega-3 levels had lower
pro-inflammatory responses during high-stress periods [9];
our results suggest that omega-3 may directly modulate the
inflammatory stress response.

Meta-analytic evidence suggests that IL-6 robustly
increases following acute stress with a moderate to large
effect size, while TNF-α shows a smaller increase [34],
which may explain our pattern of results. There were too
few studies to assess IL-12 reactivity in the meta-analysis
[34]. However, contrary to our placebo group’s trajectory,
IL-10 usually increases following acute stress, but pub-
lication bias is a concern [34]. Our sample characteristics
(i.e., overweight, sedentary) may be responsible for the

placebo group’s post-stress decline in IL-10. If this is the
case, omega-3 supplementation appears to reverse this
effect, which could help to weaken the link between obesity
and accelerated aging.

According to the concept of inflammaging, people with
heightened inflammatory reactivity and an imbalance of
pro- and anti-inflammatory cellular signaling may age too
quickly on a cellular level [35]. Pro-inflammatory cytokines
provoke the release of reactive oxygen species [17], con-
tributing to oxidative stress, inefficient cellular functioning,
and more inflammation. However, the anti-inflammatory
cytokine IL-10 has anti-oxidant properties [36]. By balan-
cing pro- and anti-inflammatory cytokine release throughout
an acute stressor, omega-3 promotes healthy cellular aging.

Omega-3 may reduce the risk of developing depression
via lowered stress-induced inflammation. Meta analyses
indicate that omega-3 supplementation can lower depressive
symptoms [37, 38]. Several studies suggest that depressed
individuals have a heightened inflammatory stress response
[39–41], and, even more intriguingly, one study found that
such elevated reactivity predicted increased depressive
symptoms 1 year later [10]. Therefore, our finding that
omega-3 supplementation blunted the inflammatory stress
response may help to explain omega-3 supplementation’s
antidepressant effect.

Clinical implications

Most US adults’ dietary intake of omega-3 is well below
recommended values. The Academy of Nutrition and Die-
tetics recommends that the general population consume 500
mg/day of EPA and DHA [42], but data from a nationally
representative sample revealed that the median intake from
food and dietary supplements was 18 and 15 mg/day,
respectively [43]. For those with preexisting conditions
(e.g., mood disorders, cardiovascular disease), the recom-
mendations are even higher [44, 45]. Although it can be

Fig. 4 Omega-3
supplementation lowered
overall IL-6 release
throughout an acute stressor
(p= 0.03). Specifically,
supplementation with 2.5 g/d of
omega-3 resulted in a 33% lower
geometric mean of IL-6,
compared to the placebo group
(p= 0.007), but
supplementation with 1.25 g/d
of omega-3 did not affect IL-6
levels, compared to placebo
(p= 0.26). Error bars are 95%
confidence interval.
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difficult for those at high risk for heart disease to implement
and sustain dietary changes [46], our high adherence rate
indicates that daily omega-3 supplementation is feasible.
Moreover, these findings suggest that apart from other
dietary changes, daily omega-3 supplementation alone may
help protect cells from the toll of acute stressors, thereby
facilitating a healthy biological aging process.

Strengths and limitations

This RCT’s multiple strengths include the 4-month sup-
plementation period, the three-arm design with a placebo
control, the baseline and post-intervention administration of
a well-validated laboratory speech stressor, and the repeated
biological measurements for 3.5 h throughout the stressor.
Additionally, telomerase measurement extended beyond the
previously reported 90-min post stress, which facilitated the
discovery of a post-stress telomerase dip in the placebo
group that was prevented by omega-3 supplementation. The
three-arm design supports causal claims; the biological
outcomes were dose dependent, in that the high-dose and
placebo groups had the greatest observed differences.
Lastly, because each participant completed the acute
laboratory stressor before and after the intervention, we
could adjust for baseline reactivity to account for potential
interindividual variability.

One limitation is that our sample was predominately
white, female, and highly educated. Even so, one note-
worthy feature of our middle-aged sample is that they were
overweight and not physically active, and therefore at
increased risk for accelerated aging [21, 29]; these sample
characteristics allowed us to examine whether omega-3
supplementation could lessen the divergence between
chronological and biological aging. Another limitation is
that the analyses did not use all randomized subjects due to
the decision to assess telomerase and cortisol reactivity after
the trial had already begun. However, we ensured that those
included in these models did not differ in their baseline
reactivity. Lastly, we did not connect stress-related telo-
merase fluctuations to telomere length, which is the bio-
marker associated with disease risk.

Conclusion

Four months of omega-3 supplementation led to a profile of
stress resilience—lower overall levels of cortisol and
inflammation during stress, and higher levels of telomerase
and anti-inflammatory activity during recovery. This has
direct relevance to aging biology and psychiatry. These
findings are preliminary, but if replicated, they suggest that
omega-3 supplementation may limit the impact of repeated
stress on cellular aging and depression risk.
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