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ABSTRACT

Objective: To compare 2 omega-3 (n-3)
preparations enriched with eicosapentaenoic

acid (EPA) versus docosahexaenoic acid (DHA)

as monotherapy for major depressive disorder
(MDD) in a 2-site, placebo-controlled, randomized,
double-blind clinical trial.

Method: 196 adults (53% female; mean [SD]
age=44.7 [13.4] years) with DSM-IV MDD and a
baseline 17-item Hamilton Depression Rating
Scale (HDRS-17) score > 15 were randomized
equally from May 18, 2006, to June 30,2011, to
8 weeks of double-blind treatment with oral
EPA-enriched n-3 1000 mg/d, DHA-enriched n-3
1,000 mg/d, or placebo.

Results: 154 subjects completed the study.
Modified intent-to-treat (mITT) analysis (n=177
subjects with > 1 postbaseline visit; 59.3% female,
mean [SD] age 45.8 [12.5] years) employed
mixed-model repeated measures (MMRM). All

3 groups demonstrated statistically significant
improvement in the HDRS-17 (primary outcome
measure), 16-item Quick Inventory of Depressive
Symptomatology-Self Report (QIDS-SR-16), and
Clinical Global Improvement-Severity Scale (CGI-S)
(P<.05), but neither n-3 preparation separated
from placebo (P>.05). Response and remission
rates were in the range of 40%-50% and 30%,
respectively, for all treatments, with no significant
differences between groups. One subject
receiving EPA-enriched n-3 discontinued due to
worsening depression, and 1 subject receiving
placebo discontinued due to an unspecified
“negative reaction”to pills.

Conclusions: Neither EPA-enriched nor
DHA-enriched n-3 was superior to placebo
for the treatment of MDD.

Trial Registration: ClinicalTrials.gov identifier:
NCT00517036
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mega-3 (n-3) fatty acid supplementation is a popular treatment for
mood disorders,! yet recent systematic reviews and meta-analyses
have questioned its putative antidepressant efficacy.>”> There are more than
30 published clinical trials reporting varying degrees of efficacy for n-3
treatment of major depressive disorder (MDD)'~> and for the depressive
phase of bipolar disorder.® Most of these studies investigated combination
preparations of eicosapentaenoic acid (EPA) plus docosahexaenoic
acid (DHA) or EPA alone, primarily as augmentation therapy in partial
responders to standard antidepressants, while fewer studies have examined
monotherapy.'~> There are only 2 published studies of DHA monotherapy
for MDD, one of which found no benefit of 2 g/d of DHA versus placebo,’
whereas an uncontrolled dose-finding study found an advantage for DHA
1 g/d compared to 2 g/d and 4 g/d.®
A recent meta-analysis* suggested that preparations containing >60%
EPA relative to DHA were more effective than those with a higher fraction
of DHA. While the literature as a whole supports modest antidepressant
efficacy for n-3 fatty acids, especially as adjuvant treatments, it remains
unclear whether EPA is superior to DHA, particularly as monotherapy. To
further characterize the “pure” antidepressant effects of n-3s, and given the
relative paucity of studies of n-3 monotherapy, we carried out a randomized
placebo-controlled, double-blind clinical trial of EPA-enriched versus DHA-
enriched n-3 preparations for unmedicated adults with MDD. At the time
of study design, we had preliminary positive data for both EPA and DHA in
depressed patient samples.®~1° Thus, we postulated that EPA-enriched and
DHA-enriched monotherapy would be more effective than placebo.

METHOD

Three hundred eighty-nine outpatients with MDD, ages 18-80, were
recruited from May 18, 2006, to June 30, 2011, at Massachusetts General
Hospital (MGH) and Cedars-Sinai Medical Center (CSMC) through
advertisements and referrals from outpatient programs. Inclusion criteria
were a diagnosis of MDD per the Structured Clinical Interview for
DSM-1V Axis I Disorders—Patient Edition (SCID I/P),!! a Clinical Global
Impressions-Severity of Illness scale (CGI-S)!? score >3, and a baseline
17-item Hamilton Depression Rating Scale (HDRS-17)!3-1% score > 15. The
study was approved by institutional review boards at both sites. Prior to
participation, all subjects signed a written informed consent form reviewed
and discussed with a study physician.

Participants filled out the Food Processor 7.8 questionnaire (ESHA
Research Inc, Salem, Oregon)'® for 3 consecutive days between screening
and baseline visit to assess dietary n-3 polyunsaturated fatty acids (PUFAs).
Data were analyzed at the baseline visit. Subjects with a mean n-3 daily
intake of 23.0 g were excluded. The mean value of 3.0 g/d for the past 3
days prevented the exclusion of patients with occasional higher intakes of
n-3. Subjects were asked not to significantly modify their diet during the
study.
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® |n this clinical trial involving treatment of major
depressive disorder (MDD), about 40% of patients receiving
EPA-enriched n-3 or DHA-enriched n-3 experienced
improvement in their symptoms of depression.

= However, response rates for placebo were also high (close
t0 50%), and there was no significant separation between
either of the n-3 fatty acid preparations versus placebo.

= (On the basis of this study, it is not possible to rule out
placebo effects as a contributor to the clinical antidepressant

effectiveness of n-3 fatty acids.

Subjects were excluded for the following reasons:
pregnancy or women of childbearing potential who were
not using a medically accepted means of contraception;
suicidality or homicidality; serious or unstable medical
illness; current or past history of organic mental disorders,
substance use disorders, any psychotic disorders, and
bipolar disorder; history of multiple adverse drug reactions
or allergy to the study compounds; concurrent use of
psychotropic medications, systematic corticosteroid or
steroid antagonists, anticoagulants, or immunosuppressant
agents; electroconvulsive therapy during the current episode;
any trial of > 6 weeks with citalopram 40 mg/d or equivalent
antidepressant during the current episode (to select a less
refractory sample that would be more likely to respond
to treatment); history of use of 1 g/d of n-3 supplements;
history of a bleeding disorder; psychotherapy; smoking > 10
cigarettes per day; vitamin E supplementation>400 IU;
menstruating individuals unable to have baseline and
posttreatment blood drawn during the follicular phase;
and individuals unable to refrain from nonsteroidal anti-
inflammatory use for>72 hours prior to blood work.
Subjects with a Clinical Global Impressions-Improvement
scale (CGI-I)'? score of 1 or 2 (ie, “much improved” or “very
much improved”) during the baseline visit (1 week after the
screen visit) were excluded from the study.

Eligible subjects were randomized equally to 1,000
mg/d of EPA-enriched mix, 1,000 mg/d of DHA-enriched
mix, or placebo for 8 weeks. Doses were selected based on
the literature’s support of about 1,000 mg/d for unipolar
depression.* The n-3 preparations and placebo were
donated by Nordic Naturals (Watsonville, California).
Randomization and treatment assignment were carried out
by the research pharmacies of both institutions by standard
allocation procedures and a fixed block size of 30 subjects
(MGH) or a randomly permuted block size between 6
and 15 subjects (CSMC). Only blind treatment codes,
coordinated between both site pharmacies, were noted on
randomization lists provided to study staff. All study staft
and participants remained blind to treatment assignment.

Patients took 2 EPA-enriched capsules plus 2 identical
placebo capsules, or 4 DHA-enriched capsules, or 4 placebo
capsules, every morning. Per the randomization assignment,
pill bottles contained EPA-enriched mix (ProEPAxtra: 530
mg EPA/137 mg DHA per soft gel [EPA:DHA =4:1], plus
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7% stearidonic acid [SDA, n-3], 1% heneicosapentaenoic
acid [HPA, n-3], 1% docosapentaenoic acid [DPA, n-3],
1% eicosatetraenoic acid [ETA, n-3], 0.2% a-linolenic acid
[ALA, n-3], 3% arachidonic acid [AA, n-6], 0.2% linoleic
acid [LA, n-6], and 10%-11% unspecified fatty acids) or
DHA-enriched mix (ProDHA: 225 mg DHA/45 mg EPA per
soft gel [DHA:EPA =5:1], plus 10% DPA, 2% HPA, 1% SDA,
1% ETA, 0.4% ALA, 1% AA, 0.5% LA, and 20% unspecified
fatty acids), or placebo (980 mg soybean oil per cap; total
53.6% LA, 7.1% ALA, 0.1% myristic acid, 11% palmitic acid,
4% stearic acid, 0.2% palmitoleic acid, and 24% oleic acid).
A double-dummy placebo design was used to maintain the
blind, since DHA-enriched capsules differed in appearance
from EPA-enriched capsules. Each patient took capsules
from 2 bottles, with one containing either DHA-enriched or
DHA-placebo and the other containing either EPA-enriched
or EPA-placebo, depending on randomization. Adherence
was determined by pill count from bottles returned at the
next visit.

Subjects were evaluated every 2 weeks for 8 weeks.
Clinical outcome measures at every study visit included
HDRS-17 score (primary outcome measure), CGI-S and
CGI-I scores, 16-item Quick Inventory of Depressive
Symptomatology-Self-Report (QIDS-SR-16)'” scores, Well-
Being Scale (WBS)'8 scores, and Quality of Life Satisfaction
Questionnaire (Q-LES-Q)' scores.

Statistical Analyses

Descriptive statistics were obtained for the 3 treatment
groups, based on a modified intent-to-treat (MITT) sample
of 177 evaluable subjects with at least 1 post-baseline visit.
Comparisons across treatment groups at baseline were made
by analysis of variance (ANOVA) for continuous measures
and y? tests for categorical variables.

Mixed-model repeated measures analysis (MMRM) was
carried out to examine treatment group effect on changes
from baseline to week 8 for measures of depressive severity,
well-being, and quality of life. Models included subjects as a
random effect and treatment group and study week as fixed
effects. An auto-regressive covariance structure was used
because it provided the best fit to the data. Site and baseline
scores were included as covariates in all models. Other
potential moderators of response (gender and presence/
absence of comorbid anxiety disorder) were examined in
relation to the primary outcome, but did not further contribute
to prediction of change in HDRS-17 scores with treatment
and so were not included as covariates. Treatment response
was defined as an improvement of >50% in HDRS-17 score
from baseline to study completion, and remission as a final
HDRS-17 score <7. Comparisons in response and remission
rates between treatment groups, based on HDRS-17 scores
as well as CGI-S and CGI-I ratings by the end of treatment,
were made using x* analysis.

Adverse effects (AEs) were measured using the Patient-
Rated Inventory of Side Effects (PRISE).?” Because many
subjects endorsed PRISE symptoms at baseline, the analysis
focused on AEs that emerged or worsened during treatment.

J Clin Psychiatry



EPA vs DHA for Depression

Figure 1. CONSORT Statement Flow Diagram?
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Assessed for Eligibility (N = 389)

A 4

Excluded (n =193)
« Not meeting inclusion criteria (n = 179)
« Refused to participate (n = 14)

A4

Randomized
(n=196)

|

A4

l

Allocated to EPA (n = 66)
Received EPA (n = 66)
Did not receive EPA (n = 0)

Allocated to DHA (n = 65)
Received DHA (n = 65)
Did not receive DHA (n = 0)

Allocated to placebo (n = 65)
Received placebo (n = 65)
Did not receive placebo (n=0)

v

.

v

a. Lost prior to postbaseline visit,
nonevaluable (n = 6)
Reasons:
«scheduling (n=1)
«increased depression (n=1)
- noncompliance (n=1)
« lost to contact (n = 3)

b. Evaluable but terminated EPA
before 8 wk (n=9)
Reasons:
«scheduling (n=1)
- moved away (n=1)
«dizziness (n=1)
« noncompliance (n=1)
«lost to contact (n =2)
« unknown (n = 3)

a. Lost prior to postbaseline visit,
nonevaluable (n =7)
Reasons:
+ scheduling (n=2)
- noncompliance (n=1)
+lost to contact (n = 4)

b. Evaluable but terminated DHA
before 8 wk (n = 8)
Reasons:
- family emergency (n = 2)
» noncompliance (n =2)
- lost to contact (n=1)
- unknown (n =3)

a. Lost prior to postbaseline visit,
nonevaluable (n = 6)
Reasons:
- unspecified adverse event (n = 1)
« noncompliance (n =2)
«lost to contact (n = 3)

b. Evaluable but terminated PBO
before 8 wk (n = 6)
Reasons:
«scheduling (n=1)
« noncompliance (n=1)
- unknown (n =4)

I

I

I

Modified intent-to-treat (evaluable)
sample (n = 60) after excludingn=6
from analysis due to being

s

nonevaluable as shown in“a” above
Includes noncompleters (n =9) as
shown in “b" above plus EPA study
completers (n=51)

Modified intent-to-treat (evaluable)
sample (n = 58) after excludingn=7
from analysis due to being

un

nonevaluable as shown in “a” above
Includes noncompleters (n = 8) as
shown in “b” above plus DHA study
completers (n = 50)

Modified intent-to-treat (evaluable)
sample (n = 59) after excludingn =6
from analysis due to being

uqn

nonevaluable as shown in“a” above
Includes noncompleters (n = 6) as
shown in“b” above plus placebo
study completers (n = 53)

2Abbreviations: DHA = docosahexaenoic acid, EPA = eicosapentaenoic acid.

Comparisons between treatment groups were made using
ANOVAs and ¥? tests.

All statistical analyses were carried out using SAS 8.2
software (2001; SAS Institute Inc, Cary, North Carolina). An
a level of .05 was used to determine statistical significance.
Analyses of primary and secondary measures of depression
severity were carried out based on blind treatment codes.

RESULTS

We randomized 196 (53% female; mean [SD] age=44.7
[13.4] years) of 389 screened patients. Nineteen subjects
dropped out before completing at least 1 postbaseline visit,
leaving 177 evaluable subjects (Figure 1).

Table 1 summarizes demographic characteristics and
baseline clinical variables for the evaluable sample. No
significant differences were found among the 3 treatment
groups, except that the DHA-enriched group comprised
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significantly more employed subjects (P=.041). Over a
quarter of subjects had a current secondary anxiety disorder
(26.5%) or lifetime anxiety disorder diagnosis (31.2%), and
14.7% met criteria for dysthymia (data not shown).

Eighty-seven percent of 177 evaluable subjects completed
the study. Completers were more likely to be employed
and to be from the CSMC site, but there were no other
significant differences (data not shown).

Table 2 summarizes change from baseline to week 8 for
evaluable subjects (59.3% female; mean [SD] age=45.8
[12.5] years), per MMRM analysis. All 3 groups experienced
statistically significant improvement in the HDRS-17,
QIDS-SR-16, CGI-S, Q-LES-Q, and the 6 WBS scales.
Treatment groups did not differ significantly in terms
of 8-week change on any scale, and effect sizes between
group pairs did not suggest a meaningful advantage for
any treatment.
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Table 1. Baseline Demographic and Clinical Characteristics, Overall and by Treatment Group of 177 Evaluable Subjects

All
Evaluable
Subjects EPA-Enriched ~ DHA-Enriched Placebo
Characteristic (N=177) (N=60) (N=58) (N=59) Significance
Demographics® Ve df p
Study site 0.62 2 733
CSMC 108 (61.0) 38 (63.3) 33 (56.9) 37 (62.7)
MGH 69 (39.0) 22 (36.7) 25 (43.1) 22 (37.3)
Gender 0.81 2 .666
Male 72 (40.7) 22 (36.7) 26 (44.8) 24 (40.7)
Female 105 (59.3) 38 (63.3) 32 (55.2) 35 (59.3)
Race 5.77° 6 449
Caucasian 120 (67.8) 42 (70.0) 38 (65.5) 40 (67.8)
African American 32(18.1) 13 (21.7) 8(13.8) 11 (18.6)
Other 15 (8.5) 3(5.0) 6(10.3) 6 (10.2)
Prefer not to say 10 (5.6) 2(3.3) 6(10.3) 2(3.4)
Ethnicityc 0.19 2 911
Hispanic 27 (15.8) 10 (17.2) 9 (15.8) 8(14.3)
Non-Hispanic 144 (84.2) 48 (82.8) 48 (84.2) 48 (85.7)
Education® 0.56 2 757
High school or less 44 (26.0) 17 (28.8) 15 (26.3) 12 (22.6)
Some college or more 125 (74.0) 42 (71.2) 42 (73.7) 41 (77.4)
Marital status® 1.19 4 .879
Married/live together 31(19.5) 11 (20.4) 10 (19.2) 10 (18.9)
Separated/widowed/divorced 53 (33.3) 19 (35.2) 19 (36.5) 15 (28.3)
Never married 75 (47.2) 24 (44.4) 23 (44.2) 28 (52.8)
Employment status® 13.15° 6 .041
Employed 81 (47.6) 26 (44.1) 34 (58.6) 21 (39.6)
Homemaker 8 (4.7) 3(5.1) 3(5.2) 2(3.8)
Student 11 (6.5) 3(5.1) 0(0.0) 8 (15.1)
Other 70 (41.2) 27 (45.8) 21(36.2) 22 (41.5)
F df P
Age, y, mean (SD), 45.8 (12.5), 46.2 (11.8), 46.3 (13.7), 45.0 (12.1), 019 2,164 .831
[N] (range) [167] (21-73) [57] (21-73) [55] (23-70) [55] (22-69)
Clinical Measures? Ifi df P
HDRS-17 score, mean (SD), 19.5 (3.4), 19.3 (3.8), 19.8 (3.2), 19.2 (3.1), 062 2,174 542
[N] (range) [177] (15-35) [60] (15-35) [58] (15-26) [59] (15-28)
QIDS-SR-16 score, mean (SD), 132 (4.1), 12.9 (3.9), 13.3 (4.5), 13.5 (3.8), 030 2,170 738
[N] (range) [173] (3-23) [60] (3-23) [58] (4-22) [55] (6-19)
CGI-S score, mean (SD), 4.1(0.6), 4.2(0.6), 4.2(0.7), 4.0 (0.6), 164 2,171 .198
[N] (range) [174] (3-6) [59] (3-6) [57] (3-6) [58] (3-6)

Q-LES-Q

% of max possible, items 1-14 43.5(13.6) [171] 43,5 (15.4) [58] 41.6 (12.7) [56] 45.3 (12.7) [57] 1.07 2,168 .347
% standardized around norms® -3.1(1.2) [171] —3.1(1.3) [58] -3.2(1.1) [56] -2.9(1.1) [57] 1.07 2,168 347
WBS score (standardized by gender)®
Environmental Mastery -3.0(1.2) [174]  -3.0(1.2)[60]  -2.9(1.3)[57]  -32(L.1)[57] 0.68 2,171 .508
Self-Acceptance -2.7(1.2) [173] -2.9(1.1) [59] -2.6 (1.1) [57] -2.7 (1.3) [57] 0.86 2,170 425
Purpose in Life ~1.9(1.1) [174]  -19(1.1)[60]  -2.0(1.1)[57]  -1.9(1.2)[57] 027 2,171 .766
Positive Relations with Others -1.6 (1.3) [172] —-1.6 (1.3) [59] -1.7 (1.2) [57] —1.5(1.3) [56] 0.53 2,169 588
Personal Growth “1.1(12)[171]  -11(1.2)[60]  -1.0(1.1)[55] -1.1(1.3)[56] 0.19 2,168 .828
Autonomy -0.7 (1.2) [174] —-0.7 (1.3) [60] —-0.8 (1.3) [57] —-0.7 (1.1) [57] 0.13 2,171 877

*Demographic data shown as N (%) unless otherwise noted.

b4 may not be valid because of the number of cells with expected count <5.
‘Information is missing for some subjects.

dClinical measures data shown as mean (SD) [N] unless otherwise noted.

“We have expressed these scores as standardized around group norms, much like a Z statistic, which explains the negative values observed.
Abbreviations: CGI-S = Clinical Global Impressions-Severity of Illness scale, CSMC = Cedars-Sinai Medical Center, DHA = docosahexaenoic acid,
EPA = eicosapentaenoic acid, HDRS-17 = Hamilton Depression Rating Scale 17-item version, MGH = Massachusetts General Hospital, QIDS-
SR-16 =16-item Quick Inventory of Depressive Symptomatology-Self-Report, Q-LES-Q = Quality of Life Enjoyment and Satisfaction scale,

WBS = Psychological Well-Being Scale.

In Table 3, response and remission rates on HDRS-17 or
CGI did not differ for evaluable subjects in the 3 treatment
arms. Response rates per HDRS-17 scores were between
40% and 50% for each treatment, and remission rates were
approximately 30% for each group.

The 74 subjects with a baseline HDRS-17 score >20
had a more robust clinical improvement than those with
a baseline HDRS-17 score <20, but at either severity level
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the 3 treatment groups did not differ significantly on any
continuous or dichotomous outcomes (Table 4). Among
subjects with moderate-to-severe baseline depression
(HDRS-17 score >20), the treatment effect size was —0.40
for EPA-enriched preparation compared to DHA-enriched
and placebo, but near zero for DHA-enriched vs placebo. All
treatment effect sizes were negligible among subjects with
moderate baseline depression (HDRS-17 score =15-19).
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Table 2. Change From Baseline to Treatment Week 8 for 177 Evaluable Subjects Based on Mixed-Model Repeated Measures
Analysis?

Standardized Effect Size at Week 8¢

Significance of EPA- DHA-

Treatment-by-Time Enriched Enriched EPA-Enriched
Interaction vs Vs Vs

Change at Treatment Week 8, LS Mean (SE) [N]

Assessment Scale EPA-Enriched DHA-Enriched Placebo F dfe¢ P Placebo Placebo DHA-Enriched
Depression
HDRS-17 ~10.34 (0.62) [60] —9.26 (0.62) [58] —9.49 (0.61) [59] 0.23 2,687 .794 -0.179  +0.049 -0.228
QIDS-SR-16 -5.01(0.47) [60] —4.79 (0.47) [58] —5.54(0.47) [56] 0.39 2,715 .676 +0.148  +0.211 -0.061
CGI-S ~1.46 (0.11) [59] -1.33(0.11) [57] -1.41(0.11) [58] 0.07 2,682 .937 —0.061  +0.090 -0.151
Q-LES-Q % of max possible, +11.05 (1.40) [59] +10.89 (1.39) [57] +11.13(1.38) [59] 0.01 2,733 .990 —-0.007 —0.023 +0.015
items 1-14
WBS (standardized by gender)
Environmental mastery +0.68 (0.11) [60]  +0.58 (0.11) [57]  +0.78 (0.11) [57] 0.17 2,724 .842 —0.119 —0.241 +0.119
Self-acceptance +0.53 (0.11) [59]  +0.69 (0.11) [57]  +0.49 (0.11) [57] 0.81 2,730 .444 +0.048 +0.241 -0.191
Purpose in life +0.32(0.11) [60]  +0.54 (0.11) [57]  +0.65 (0.11) [57] 0.86 2,717 .425 -0.392  —0.132 -0.261
Positive relations with others ~ +0.31 (0.10) [59]  +0.59 (0.10) [57] ~ +0.49 (0.10) [56] 0.58 2,718 .562 —0.237  +0.133 —-0.368
Personal growth +0.59 (0.10) [60]  +0.33 (0.10) [55]  +0.37 (0.10) [56] 1.22 2,711 .295 +0.289  —0.054 +0.343
Autonomy +0.32 (0.09) [60]  +0.21 (0.09) [57]  +0.49 (0.09) [57] 0.70 2,702 .498 -0.247 —0.412 +0.160

*The assessments were administered at baseline and at 2-week intervals during the 8-week study. MMRM analyses were performed on change from
baseline to week 8 for these measures. A full-model MMRM was performed testing the significance of effects of treatment, visit, and treatment-by-visit
interaction, as well as the covariates of site, baseline score, and baseline score-by-visit interaction.

PChange at 8 weeks is significantly different from zero for each treatment group on every assessment in the table, at P<.001 with 2 exceptions:
EPA-enriched group on WBS Purpose in Life (P=.004) and DHA-enriched group on WBS Autonomy (P=.018).

‘Degrees of freedom are determined using the Satterthwaite approximation method.

4By Cohen d effect size = (difference between LS mean change)/pooled SD for each pair of treatments (SD per group computed from SE of LS mean from
MMRM). For depression scales, a negative effect size indicates that the first group improved more than the second one (has a lower negative LS-mean
change). For Q-LES-Q and WBS scores, a positive effect size indicates that the first group improved more than the second one (has a higher positive
LS-mean change).

Abbreviations: CGI-S = Clinical Global Impressions-Severity of Illness scale, DHA = docosahexaenoic acid, EPA = eicosapentaenoic acid,

HDRS-17 =Hamilton Depression Rating Scale 17-item version, LS =least squares, MMRM = mixed-model repeated measures, QIDS-SR-16 = 16-item
Quick Inventory of Depressive Symptomatology-Self-Report, Q-LES-Q = Quality of Life Enjoyment and Satisfaction scale, WBS = Psychological
Well-Being Scale.

Table 3. Binary Measures of Outcome by Last Treatment Visit for 177 Evaluable Subjects

Treatment Group, N (%) [total N] Significance
EPA-Enriched DHA-Enriched Placebo X d P

Binary Measure of Outcome
HDRS-17

Remitter (total score <7)

Responder (decrease >50% from baseline)
CGI-S

Normal or only borderline mentally ill

20 (33.3) [60]
26 (43.3) [60]

16 (27.6) [58]
26 (44.8) [58]

19(32.2)[59] 0508 2 .776
28 (47.5)[59] 0209 2 .901
22 (37.3) [59]

18 (31.6) [57]  25(43.1)[58] 1.632 2 .442

(value 1 or 2 on 7-point scale)
CGI-1
Very much or much improved
(value 1 or 2 on 7-point scale)

34 (57.6) [59]

28(49.1) [57] 31(53.4)[58] 0.843 2 .656

Abbreviations: CGI-I = Clinical Global Impressions-Improvement scale, CGI-S = Clinical Global Impressions-
Severity of Illness scale, DHA = docosahexaenoic acid, EPA = eicosapentaenoic acid, HDRS-17 = 17-item Hamilton

Depression Rating Scale.

There were 45 subjects with comorbid anxiety disorders,
and improvement in their HDRS-17 scores and response and
remission rates were lower than for subjects without anxiety
(Supplementary eTable 1). Although the overall treatment-
by-time effect was not significant within either group, those
with a comorbid anxiety disorder had a medium treatment
effect size for HDRS-17 improvement by week 8 (—0.43 and
—0.47 for EPA-enriched and DHA-enriched preparations,
respectively, vs placebo; Fi4,=0.72, P=.489); these were
in contrast to corresponding effect sizes of —0.21 and
+0.18 among those without comorbid anxiety (Fs;5=0.09,
P=.916).

Among evaluable subjects, 108 were from CSMC and
69 from MGH. Although the completion rate at CSMC
was significantly higher than at MGH (93.5% vs 76.8%;
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x*1=10.39, P=.001), response and remission rates on
the primary outcome measure (HDRS-17) did not differ
significantly between sites (data not shown).

Tolerability data were available for the safety sample of
173 subjects. Between 20% and 30% of subjects across the 3
groups endorsed some baseline PRISE physical or depressive
symptoms. No significant differences across treatment
groups were observed for the number of AEs emerging
or worsening, or emerging or worsening to a distressing
level. Of the 21 physical symptoms assessed, only 2 were
significantly different by treatment group (constipation:
13.3% for EPA-enriched, 14.3% for DHA-enriched, and 0.0%
for placebo; P=.010; and tremors: 1.7% for EPA-enriched,
8.9% for DHA-enriched, and 0% for placebo; P=.020). One
EPA-enriched group subject discontinued due to worsening
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Table 4. HDRS-17 Score Change, and Remission and Response Rates During Treatment for Groups

Defined by Baseline Depressive Severity Level

Change in HDRS-17 Score
From Baseline to Treatment Week 8,* LS Mean (SE) [N]

Significance of
Treatment-by-Time
Interaction®

Baseline Depressive Severity Level EPA-Enriched” DHA-Enriched" Placebo®

F dff P

Moderate (HDRS-17=15-19)
Moderate-Severe (HDRS-17 =20-35)

—7.89 (0.65) [37] —7.46 (0.74) [28]  —7.89 (0.63) [38]
~14.05 (1.01) [23]  -12.12(0.88) [30] —12.15 (1.04) [21]

Remission and Response Rates by

0.28 2,481 .755
0.65 2,281 .523

Significance of

Last Treatment Visit, N (%) Treatment
EPA-Enriched DHA-Enriched Placebo X df P

Moderate (HDRS-17=15-19)

Remission® 12 (32.4) 8(28.6) 13 (34.2) 0.239 2 .887

Response’ 14 (37.8) 11 (39.3) 16 (42.1) 0.147 2 929
Moderate-severe (HDRS-17 =20-35)

Remission® 8 (34.8) 8 (26.7) 6(28.6) 0429 2 .807

Responsef 12 (52.2) 15 (50.0) 12 (57.1) 0.257 2 .880

2The HDRS-17 was administered at baseline and at 2-week intervals during the 8-week study. A full-model MMRM analysis
was performed on change from baseline to week 8, testing the significance of effects of treatment, visit, and
treatment-by-visit interaction, as well as the covariates of site, baseline score, and baseline score-by-visit interaction.

bChange at 8 weeks is significantly different from zero for all treatment groups and baseline severity levels, at P<.001.

“Standardized treatment effect size between pairs of treatment groups for subjects is as follows: a negative effect size indicates

that the first group improved more than the second one (has a lower negative LS mean change):
moderate baseline severity: EPA-enriched vs placebo=-0.001; DHA-enriched vs placebo =+0.110;

EPA-enriched vs DHA-enriched =—0.109; severe/very severe baseline severity: EPA-enriched vs placebo = -0.395;

DHA-enriched vs placebo =+ 0.005; EPA-enriched vs DHA-enriched = -0.398.
dDegrees of freedom were determined using the Satterthwaite approximation method.
‘Remission is defined as a HDRS-17 score <7.
fResponse is defined as >50% decrease in HDRS-17 score from baseline.

Abbreviations: DHA = docosahexaenoic acid, EPA = eicosapentaenoic acid, HDRS-17 = 17-item Hamilton Depression Rating

Scale, LS =least squares, MMRM = mixed-model repeated measures.

depression, and 1 placebo patient discontinued due to an
unspecified “negative reaction to pills” (Figure 1).

DISCUSSION

Although both n-3 preparations were well tolerated,
neither demonstrated an advantage over placebo treatment
for MDD. All 3 treatment arms experienced a 9- to 10-point
improvement in HDRS-17 scores and failed to differ
significantly on measures of well-being or quality of life
or secondary measures of depression symptoms including
response and remission rates. Response rates for the n-3
preparations were somewhat lower than the known efficacy
rates of established antidepressants.?! Remission rates were
only 10%-15% lower than response rates and were closer to
what is usually expected in depression trials.??

The lack of separation from placebo was unexpected,
although recent meta-analyses suggest only modest effect
size for improvement with n-3 preparations.** Augmentation,
rather than monotherapy, may be preferable for n-3s, since
2 compounds with complementary mechanisms may work
synergistically. In a recent report, 12 weeks of adjunctive
1 g/d of EPA produced significantly greater reductions
in HDRS-17 scores than 1 g/d of DHA in antidepressant-
treated subjects with MDD.?* Likewise, EPA augmentation
of citalopram was significantly more efficacious than placebo
augmentation in MDD.!° Finally, an EPA-plus-fluoxetine
combination was significantly more effective for MDD than
either therapy alone.?® These reports agree with a meta-
analysis suggesting that EPA may be more beneficial as an
augmenting agent than as monotherapy.?

e6 [m PSYCHIATRIST.COM

Depression severity may have influenced outcomes; our
sample was moderately depressed (mean [SD] baseline HDRS
score=19.5 [3.4]; range, 15-35). Interestingly, subjects with
greater depressive severity had a more robust improvement
with EPA-enriched treatment. This may suggest that more
severely ill patients should be the focus of future studies.

Lespérance and colleagues® found that patients without
comorbid anxiety fared significantly better with combined EPA
and DHA treatment compared to placebo. We (conversely)
found greater improvement with a moderately large effect
size among patients with comorbid anxiety for both n-3
groups versus placebo. Over a dozen human reports of n-3
fatty acids show anxiolytic effects in substance abusers,?”?
women with premenstrual syndrome,? depressed adults with
comorbid anxiety,*® post-myocardial infarction patients,’!
Japanese with posttraumatic stress disorder,*~* and young
healthy students,*®* although not in perimenopausal and
postmenopausal women?? or in older patients.*"*> Further
investigation of n-3 effects on anxiety is warranted.

Our study has several limitations. We based our original
power estimates on 100 subjects randomized to each treatment
arm and 80% completion, with a 30% placebo response
rate and a 50% response rate for the n-3 preparations. The
target sample had an expected 80% power to detect an effect
size >0.40 between treatment group pairs. However, a masked
interim analysis indicated no treatment group difference,
and continuing recruitment would unnecessarily expose
subjects to unproven interventions. Our sample is large
enough to provide a statement about lack of efficacy of n-3
monotherapies for outpatients with MDD. Although placebo
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response rates in antidepressant trials are substantive,*> we
found that complementary and alternative medicine MDD
trials were more likely to have lower placebo response rates
than standard antidepressant trials,* but this was not the case
here. The 3-arm design with 2 active treatment arms may have
contributed to the high placebo response rate (47.5%) and
could have impeded signal detection. Other large 3-armed
studies of natural products have also failed due to high placebo
response rates.*>4® Studies with a >40% placebo response
rate are unlikely to show a statistically significant effect of
the active agent,*” and placebo response rates increase when
there is a greater likelihood of receiving active treatment.*34°
We did not measure subject expectancy and credibility of
treatment effect, but placebo response rates may have been
influenced by subject expectancy and enthusiasm as well
as the benign treatment side effect profiles. The unusually
high completion rate (87%, based on 177 evaluable patients)
suggests a strong therapeutic alliance.

Our results differ from epidemiologic studies that examine
populations that consume more foods rich in n-3 fatty acids
than foods rich in n-6 fatty acids,’® because our subjects
were allowed to consume their usual n-6 rich diet. Thus, our
intervention sought to modify the n-3/n-6 ratio rather than
increase n-3 intake while decreasing n-6 intake.

The n-3 preparations were not pure, but rather “enriched”
for one n-3 or the other, and contained other fatty acids. The
ProEPAxtra contained a ratio of EPA:DHA =4:1, and the
ProDHA had a ratio of DHA:EPA =5:1. The placebo contained
primarily linoleic and linolenic acids and other fatty acids.
The complexity of the preparations may raise concerns about
unintended biological effects. For example, oleic and linoleic
acid have anti-inflammatory effects in rats,* and this could
potentially have an impact on antidepressant effects, given
the link between inflammation and depression. However, the
lack of “purity” of our EPA and DHA preparations should not
have an impact on the efficacy findings, particularly of EPA,
given that Sublette at al* supported preparations of at least
60% EPA as the most effective. Likewise, because n-6 fatty
acids are predominant in the industrialized world’s diet, and
the Food Processor Questionnaire excluded subjects with
robust dietary n-3 intake, the n-6 content of the placebo is
not likely to have clinically relevant effects over and above
any from dietary n-6.

In summary, in the first head-to-head comparison
of EPA- versus DHA-enriched monotherapy for MDD,
a heterogenous sample of outpatients improved equally
both on n-3 preparations and on placebo. Consequently it
is impossible to rule out placebo effects as the reason for
improvement from n-3. Because MDD patients typically
exhibit deficits in EPA and DHA compared with healthy
controls,” examination of plasma lipids is being planned
to provide insight into degree of absorption and saturation
after 8 weeks of treatment. Analyses are in progress to
examine inflammatory biomarkers as potential moderators
or mediators of treatment response. These results may clarify
whether certain subsets of depressed individuals may be
better candidates for n-3 treatment.
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Supplemental Table 1
Current Anxiety Disorders in the Study Sample, and Change from Baseline to Treatment Week 8 for N=170 Evaluable Subjects®
Based on Mixed Model Repeated Measures Analysis®
For Groups Defined by Any vs. No Current Anxiety Diagnosis

All Evaluable Subjects EPA DHA Placebo Significance
Diagnosis (N=170) (N =59) (N =53) (N =58)
X2 df P

Current Anxiety Disorders

Panic Disorder N (%) 7(4.1) 1(1.7) 4 (7.6) 2(34) 2.52v 2 0.283

Agoraphobia N (%) 4(2.4) 0(0.0) 2(3.8) 2(34) 2,190 2 0.334

Social Phobia N (%) 16 (9.4) 5(8.5) 7(13.2) 4(6.9) 1.39 2 0.500

Obsessive-Compulsive Disorder N (%) 3(1.8) 1(1.7) 2(3.8) 0(0.0) 2.28b 2 0.320

Generalized Anxiety Disorder N (%) 24 (14.1) 6(10.2) 10 (18.9) 8(13.8) 1.75 2 0.417

PTSD N (%) 9(5.3) 4 (6.8) 2(3.8) 3(5.2) 0.51° 2 0.776

Hamilton Depression Rating Scale -

17-Item Version (HAM-D17)

Least-Square Means (se) of Change at Treatment Week g°

Significance of
Treatment-by-Time

Standardized Effect Size at Week 8¢

EPA DHA Placebo Interaction EPA DHA EPA
Analyzed by These Groups VS. VS. VS.
LS-Meanc (se) [N] LS-Meanc (se) [N] LS-Meanc (se) [N] F dfd P Placebo Placebo DHA
All Evaluable Subjects -10.34 (0.62) [60] -9.26 (0.62) [58] -9.49(0.61) [59] 023 2, 687 0.79%4 -0.179 + 0.049 -0.228
Current Anxiety Disorder®
Yes -9.66 (1.08) [15] -9.81(0.99) [17] -7.83(1.19) [13] 0.72 2,162 0.489 -0.431 -0.474 +0.036
No -10.68 (0.64) [44] -9.06 (0.70) [36] -9.80(0.60) [45] 0.09 2,575 0.916 -0.213 +0.180 -0.382

Hamilton Depression Rating Scale -
17-Item Version (HAM-D17)

by Current Anxiety Disorder®

Mean Baseline, Last Visit, and Change (Baseline to Last Visit)f

Significance of
Treatment




EPA DHA Placebo
IN] IN] IN] F df P
Mean (sd) Mean (sd) Mean (sd)
Yes [15] 17 [13]
Baseline 21.20 (4.93) 20.35 (3.57) 19.15(2.19) 1.02 | 2,42 | 0.369
Last Visit 11.93 (5.57) 11.12 (4.76) 12.69 (7.51) 026 | 2,42 | 0.770
Change (Baseline to Last Visit) -9.27 (6.60) -9.24 (5.78) -6.46 (7.15) 086 | 2,42 | 0.431
No [44] [36] [45]
Baseline 18.45 (2.62) 19.58 (3.07) 19.16 (3.31) 145 | 2,122 | 0.239
Last Visit 9.48 (6.58) 11.64 (6.49) 9.96 (5.08) 1.36 | 2,122 | 0.261
Change (Baseline to Last Visit) -8.98 (6.91) -7.94 (6.34) -9.20 (5.52) 044 | 2,122 | 0.644

Abbreviations: EPA: Eicosapentaenoic acid; DHA: docosahexaenoic acid; HAMD-17: 17-item Hamilton Depression Rating Scale; CGI: Clinical Global
Improvement scale; se: standard error; df: degrees of freedom; PTSD: Post-Traumatic Stress Disorder.

a. N=7 subjects have no SCID data, so comorbid disorder information is missing.
b. HAM-D was administered at Baseline and at 2-week intervals during the 8-week study. A full-model MMRM was performed on change from Baseline to Week 8,

testing the significance of effects of treatment, visit, and treatment-by-visit interaction, as well as the covariates of site, baseline score and baseline score-by-
visit interaction.

c. Change at 8 weeks is significantly different from zero for each treatment group, by every breakdown of evaluable cases shown in the table, at P<0.001.

d Degrees of freedom are determined using the Satterthwaite approximation method.

e. By Cohen'’s d effect size = (difference between LS-Mean change) / pooled sd for each pair of treatments (sd per group computed from se of LS-Mean from
MMRM). A negative effect size indicates that the 1% group improved more than the 2" one (has a lower negative LS-mean change).

f. Mean baseline, last visit, and change HAM-D scores by treatment group. NOTE: The last visit and change scores do not reflect time in treatment for subjects

who terminated early.




