Evidence Report/Technology Assessment

Number 116

Effects of Omega-3 Fatty Acids on Mental Health

Prepared for:

Agency for Healthcare Research and Quality
U.S. Department of Health and Human Services
540 Gaither Road

Rockville, MD 20850

www.ahrq.gov

Contract No. 290-02-0021

Prepared by:
University of Ottawa Evidence-based Practice Center at
The University of Ottawa, Ottawa, Canada

Investigators

Howard M Schachter, PhD
Kader Kourad, MD, PhD
Zul Merali, PhD

Andrew Lumb, BA

Khai Tran, PhD

Maia Miguelez, PhD
Gabriela Lewin, MD
Margaret Sampson, MLIS
Nick Barrowman, PhD
Hope Senechal, BSc
Candice McGahern, HRA
Li Zhang, BSc

Andra Morrison, BSc
Jakov Shlik MD, PhD

Y1 Pan, MSc

Elizabeth C Lowcock, BScH
Isabelle Gaboury, MSc
Jacques Bradwejn, MD
Anne Duffy, MD

AHRQ Publication No. 05-E022-2
July 2005



This report is based on research conducted by the University of Ottawa Evidence-based
Practice Center (EPC), under contract to the Agency for Healthcare Research and Quality
(AHRQ), Rockville, MD (Contract No. 290-02-0021). The findings and conclusions in this
document are those of the authors, who are responsible for its contents; the findings and
conclusions do not necessarily represent the views of AHRQ. Therefore, no statement in this
report should be construed as an official position of AHRQ or of the U.S. Department of
Health and Human Services.

The information in this report is intended to help health care decisionmakers, patients and
clinicians, health system leaders, and policymakers make well-informed decisions and thereby
improve the quality of health care services. This report is not intended to be a substitute for
the application of clinical judgment. Anyone who makes decisions concerning the provision
of clinical care should consider this report as they would any medical reference and in
conjunction with all other pertinent information, i.e., in the context of available resources and
circumstances presented by individual patients.

This report may be used, in whole or in part, as the basis for development of clinical practice
guidelines and other quality enhancement tools, or as a basis for reimbursement and coverage
policies. Neither AHRQ’s nor the U.S. Department of Health and Human Services’
endorsement of such derivative products may be stated or implied.




This document is in the public domain and may be used and reprinted without permission except
those copyrighted materials noted for which further reproduction is prohibited without the
specific permission of copyright holders.

Suggested Citation:

Schachter H, Kourad K, Merali Z, Lumb A, Tran K, Miguelez M, et al. Effects of Omega-3
Fatty Acids on Mental Health. Evidence Report/Technology Assessment No. 116. (Prepared by
the University of Ottawa Evidence-based Practice Center, Under Contract No. 290-02-0021.)
AHRQ Publication No. 05-E022-2. Rockville, MD: Agency for Healthcare Research and
Quality. July 2005.

1



Preface
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Structured Abstract

Context: One popular view holds that psychiatric problems reflect disorders of brain
functioning. Fifty percent to 60% of the adult brain is composed of lipids (dry weight), of which
35% are phospholipids comprised of unsaturated fatty acids. Of these, the polyunsaturated fatty
acids docosahexaenoic acid (an omega-3 fatty acid) and arachidonic acid (an omega-6 fatty acid)
are found in the highest concentrations. Thus, it has been proposed that omega-3 fatty acids
could play an important role in mental health.

Objectives: The purpose of this study was to conduct a systematic review of the scientific-
medical literature to identify, appraise and synthesize the evidence for the effects of omega-3
fatty acids in mental health. Evidence was sought to permit the investigation of three basic
questions: the efficacy and safety of omega-3 fatty acids as (primary or supplemental) treatment
of psychiatric disorders or conditions (e.g., symptoms alone); the association between intake of
omega-3 fatty acids and the onset, continuation or recurrence of psychiatric disorders or
conditions; and, the association between the fatty acid content of biomarkers and the onset,
continuation or recurrence of psychiatric disorders or conditions. The latter two questions
examined the protective value of omega-3 fatty acid content in the diet and/or blood lipid
biomarkers. The impact of effect modifiers was examined as well. The results will be used
largely to inform a research agenda.

Data Sources: A comprehensive search for citations was conducted using five databases
(Medline, Embase, Cochrane Central Register of Controlled Trials, PsycInfo, and CAB Health).
Searches were not restricted by language of publication, publication type, or study design, except
with respect to the MeSH term “dietary fats,” which was limited by study design to increase its
specificity. Search elements included: scientific terms, with acronyms, as well as generic and
trade names relating to the exposure and its sources (e.g., eicosapentaenoic acid [EPA]; fish oil);
and, relevant population terms (e.g., mental disorders). Additional published or unpublished
literature was sought through manual searches of references lists of included studies and key
review articles, and from the files of content experts.

Study Selection: Studies were considered relevant if they described live human populations
of any age, investigated the use of any foods or supplements known to contain omega-3 fatty
acids, and utilized mental health outcomes. Studies examining the questions concerning
treatment efficacy or the fatty acid content of biomarkers had to employ a controlled research
design, whereas any type of design other than a case series or case study was permitted to
address the possible association of the intake of omega-3 fatty acids and clinical outcomes.
Three levels of screening for relevance, and two reviewers per level, were employed.
Disagreements were resolved by forced consensus and, if necessary, third party intervention.

Data Extraction: All data were abstracted by one reviewer, then verified by another. Data
included characteristics of the report, study, population, intervention/exposure, comparator(s),
cointerventions, discontinuations (and reasons), and outcomes (i.e., clinical, biomarkers, safety).
Study quality (internal validity) and applicability (external validity) were appraised.



Data Synthesis: Question-specific qualitative syntheses of the evidence were derived. Meta-
analysis was conducted with data concerning the supplemental treatment of schizophrenia.
Limited numbers of studies addressing the other research questions precluded further meta-
analysis. Eighty-six reports, describing 79 studies, were deemed relevant for the systematic
review, with each of 6 studies described by more than one report.

Conclusions: A notable safety profile for any type or dose of omega-3 fatty acid
supplementation was not observed. Overall, other than for the topics of schizophrenia and
depression, few studies were identified. Only with respect to the supplemental treatment of
schizophrenia is the evidence even somewhat suggestive of omega-3 fatty acids’ potential as
short-term intervention. However, these meta-analytic results exclusively pertaining to 2 g/d
EPA require replication using design and methods refinements. Additional research might reveal
the short-term or longterm therapeutic value of omega-3 fatty acids. One study demonstrating a
significant placebo-controlled clinical effect related to 1 g/d E-EPA given, over 12 weeks, to 17
patients with depressive symptoms—rather than depressive disorders—cannot be taken to
support the view of the utility of this exposure as a supplemental treatment for depressive
symptomatology or disorders. Nothing can yet be concluded concerning the clinical utility of
omega-3 fatty acids as supplemental treatment for any other psychiatric disorder or condition, or
as a primary treatment for all psychiatric disorders or conditions, examined in our review.
Primary treatment studies were rare. Much more research, implementing design and methods
improvements, is needed before we can begin to ascertain the possible utility of (foods or
supplements containing) omega-3 fatty acids as primary prevention for psychiatric disorders or
conditions. Overall, almost nothing is known about the therapeutic or preventive potential of
each source, type, dose or combination of omega-3 fatty acids. Studies of their primary
protective potential in mental health could be “piggybacked” onto longitudinal studies of their
impact on general health and development. Because of limited study designs, little is known
about the relationship between PUFA biomarker profiles and the onset of any psychiatric
disorder or condition. Studies examining the possible association between the intake of omega-3
fatty acids, or the PUFA content of biomarkers, and the continuation or recurrence of psychiatric
disorders or conditions were virtually nonexistent. If future research is going to produce data
that are unequivocally applicable to North Americans, it will likely need to enroll either North
American populations or populations exhibiting a high omega-6/omega-3 fatty acid intake ratio
similar to what has been observed in the diet of North Americans. Furthermore, if a reasonable
view is that omega-3 fatty acids may play a role in mental health, then given the observed or
proposed inter-relationships between omega-3 and omega-6 fatty acid contents both in the
regular diet and in the human biosystem, it may behoove researchers to investigate the possible
therapeutic or preventive value of the dietary omega-6/omega-3 fatty acid intake ratio.
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Introduction

The purpose of this study was to conduct a
systematic review of the scientific-medical
literature to identify, appraise, and synthesize the
human evidence for the effects of omega-3 fatty
acids on mental health. The review was requested
and funded by the Office of Dietary
Supplements, National Institutes of Health. It was
undertaken as part of a consortium involving
three Evidence-based Practice Centers (EPCs),
which investigated the value of omega-3 fatty acid
supplementation across 11 health/disease areas.
The three EPCs are Southern California-RAND,
Tufts-New England Medical Center, and the
University of Ottawa. To ensure consistency of
approach, the three EPCs collaborated on selected
methodologic elements, including literature
search strategies, rating of evidence, and data table
design.

While the intention was to evaluate the
spectrum of psychiatric disorders or conditions
(i.e., behavior or symptoms which, while their
consequences could be serious, do not warrant
receipt of a formal psychiatric diagnosis), certain
foci were beyond the scope of the review (see
Methods). At the same time, a mental health
disorder or condition did not require extant
animal or basic science data or models to justify
the investigation of their evidence. Nevertheless,
justification for the study of two disorders exists
in the literature: depression and schizophrenia.
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The mechanism by which diet may affect
health, including depression or cardiovascular
disease, has been thought to involve low levels of
omega-3 fatty acid content in biomarkers (e.g.,
red blood cells [RBCs])."* An omega-3 fatty acid
deficiency hypothesis of depression has been put
forward, which has helped justify treatment with
omega-3 fatty acid supplementation.’ The
membrane phospholipid hypothesis of
schizophrenia has been proposed in an attempt to
develop a model explaining its etiology.* It
describes the presumed biochemical dynamics
underpinning a neurodevelopmental theory.
Some of the evidence used to support this
perspective suggests the existence of phospholipid
and polyunsaturated fatty acid (PUFA) metabolic
abnormalities in schizophrenia.*® It has been
posited that modifications to diet could mitigate
or even aggravate an underlying abnormality of
phospholipid metabolism.*

However, the present review was not
conducted to test these hypotheses. Rather, the
rationale for this 2-year project investigating the
possible health benefits of omega-3 fatty acids was
to systematically review the evidence to aid in the
development of a research agenda. Nevertheless,
these emerging models regarding depression and
schizophrenia do suggest plausible bases for the
use of omega-3 fatty acids to treat or prevent
these psychiatric disorders.

Evidence-Based
Practice



Key Questions

Four basic questions were investigated with respect to each
psychiatric disorder or condition for which evidence meeting
eligibility criteria could be identified. To illustrate, the questions
pertaining to depression were:

*  Are omega-3 fatty acids efficacious as (primary or
supplemental) treatment for depression?

* Is omega-3 fatty acid intake, including diet and/or
supplementation, associated with the onset, continuation,
or recurrence of depression (i.e., primary or secondary
prevention)?

* Is the onset, continuation, or recurrence of depression
associated with omega-3 or omega-6/omega-3 fatty acid
content of biomarkers (i.e., primary or secondary
prevention)?

e What is the evidence in review-relevant studies concerning
mental health that adverse events (e.g., side effects) or
contraindications are associated with the intake of omega-

3 fatty acids?

Where data permitted, the impact of effect modifiers (e.g.,
covariates) was investigated with respect to the following study
characteristics:

* DPopulation (e.g., primary diagnosis, disorder severity,
smoker status, alcohol consumption).

* Intervention/exposure (e.g., source, type, dose or serving
size, and method to deliver the omega-3 fatty acids;
intervention length; dietary omega-6/omega-3 fatty acid
content).

e Comparator/control (e.g., type of placebo material, a
“gold standard” medication).

*  Cointerventions (e.g., concurrent psychotropic
medication, other supplement use).

Methods

A Technical Expert Panel (TEP) consisting of nine members
was convened to provide advisory support to the project,
including refining the questions and highlighting key variables
requiring consideration in the evidence synthesis.

Study Identification

Several electronic databases were searched: MEDLINE®,
EMBASE®, the Cochrane Library including the Cochrane
Central Register of Controlled Trials, PsycINFO, and CAB
Health®. Searches were not restricted by language of
publication, publication type, or study design, except with
respect to the MeSH® term “dietary fats,” which was limited
by study design to increase its specificity. Search elements
included: scientific terms, with acronyms, as well as generic and
trade names relating to the exposure and its sources (e.g.,
eicosapentaenoic acid (EPA), omega-3 fatty acids, MaxEPA®);
and relevant population terms (e.g., depression). Additional
published or unpublished literature was sought through manual
searches of reference lists of included studies and key review
articles, and from the files of content experts. A final set of
1,212 unique references was identified and posted to an
Internet-based software system for review.

Studies were considered relevant if they described live human
populations of any age with any or no comorbidity, exhibiting
a psychiatric status consistent with one of the above-noted
research questions concerning treatment or prevention (i.e.,
with or without [a known elevated risk to develop] a psychiatric
diagnosis or condition). Studies also had to investigate at least
one pertinent clinical outcome (e.g., symptom improvement,
incidence of a disorder).

As markers of omega-3 fatty acid metabolism, the following
fatty acid compositions or concentrations, from any source
(e.g., plasma phospholipids), were considered relevant as
possible predictors of the onset, continuation, or recurrence of
psychiatric disorders or conditions: EPA, docosahexaenoic acid
(DHA), arachidonic acid (AA)/EPA, AA/DHA, and
AA/EPA+DHA. Studies exclusively evaluating the role of other
biomarkers (e.g., cytokine production, eicosanoid levels) were
not included. Populations with degenerative (e.g., Alzheimer’s)
and peroxisomal (e.g., Zellweger’s) disorders were excluded
since each was addressed in Southern California-RAND’s year-
2 review of the evidence concerning omega-3 fatty acids in
neurology.

Treatment studies, as well as those investigating the possible
association between omega-3 fatty acid intake and the onset,
continuation, or recurrence of psychiatric disorders or
conditions, had to investigate foods or supplements known to
contain omega-3 fatty acids of any type (e.g., EPA), from any
source (e.g., walnuts), any serving size or dose, delivered in any



fashion (e.g., capsules, PUFA-rich diet), and for any length of
time. In all studies, some method had to have been employed
to suggest the presence of omega-3 fatty acid content in the
exposure, if not its actual amount (e.g., g/d). Studies
investigating “PUFASs” or “ long-chain PUFAs,” or even types
of diet one might presume would contain marine or land
sources of omega-3 fatty acids (e.g., “Mediterranean diet”) at
minimum had to highlight at least one source of the omega-3
fatty acid content (e.g., oily fish servings). No restrictions were
placed on the types or doses of pre- or on-study cointerventions
(e.g., psychotropic medication, omega-6 fatty acid intake).

Controlled studies employing any control were required to
address questions of intervention efficacy (or effectiveness),
with randomized controlled trials (RCTs) being the gold
standard method to investigate these questions.” Any type of
research design other than noncomparative case series or case
studies was deemed appropriate for questions concerning the
possible association between the intake of omega-3 fatty acids
and the onset, continuation, or recurrence of psychiatric
disorders or conditions. A special interpretative emphasis was
placed on results from prevention RCTs and other controlled
prospective designs. Controlled studies involving any control
were required to address the questions of the possible
association between the fatty acid content of biomarkers and
the onset, continuation, or recurrence of psychiatric disorders
or conditions. These decisions were made with the assistance of

our TEP.

Two initial levels of screening for relevance, and two
reviewers per level, were directed at bibliographic records and
then full articles. A third dual-assessor relevance screening
identified and thereby excluded uncontrolled studies with
respect to questions of intervention efficacy or the possible
protective role of lipid biomarker content. Calibration exercises
preceded each step of the screening process. Excluded studies
were noted as to the reason for their ineligibility using a
modified QUOROM format.® Disagreements were resolved by
forced consensus and, if necessary, third party intervention.

Data Abstraction

Following a calibration exercise, seven reviewers
independently abstracted the contents of each included study
using an electronic data abstraction form. A second reviewer
verified these data. Data included the characteristics of the
report (e.g., publication status), study (e.g., research design),
population (e.g., diagnosis), intervention/exposure (e.g., omega-
3 fatty acid type), comparator group(s), cointerventions (e.g.,

medications), withdrawals or dropouts, and outcomes (i.e.,
symptom improvement, biomarker status, adverse events).

After calibration exercises, each study’s quality (internal
validity) and applicability (external validity) were formally
assessed. Dual-review appraised RCTs’ quality while only
single-assessor evaluations could be conducted for other
research designs. For the RCTs, disagreements were resolved by
forced consensus and, if necessary, third party intervention.
RCTS reporting of randomization, double blinding,
withdrawals and dropouts, and the concealment of allocation,
were evaluated using Jadad’s” and Schulz’s validated
instruments.'® The validated Newcastle-Ottawa Scale (NOS)
assessed case-control and cohort study designs, while all other
designs were evaluated using modifications of the NOS,"
Jadad’s instrument,’ or items from Downs and Black’s validated
27-item tool.”? Applicability was defined as the extent to which
a given study’s sample population was representative of a
“typical” North American population. The method of diagnosis
and the omega-6/omega-3 fatty acid ratio in the background
diet were the key variables defining the reference population of
North Americans identified with a psychiatric disorder. The
omega-6/omega-3 fatty acid ratio in the background diet
defined the reference population of North Americans who did
not exhibit a psychiatric disorder.

Data Synthesis

A summary table provided a question-specific overview of
included studies relevant data presented in greater detail in
evidence tables. A question-specific summary matrix situated
each study in terms of its quality and applicability ratings.
Question-specific qualitative syntheses of the evidence were
derived. A dearth of studies best suited to address a particular
kind of question (i.e., RCTs, prospective and controlled
observational studies), as well as limitations on, or the strong
clinical heterogeneity of, available studies (e.g., divergent
intervention-comparator contrasts, use of complex
interventions where it was impossible to tease out the possible
specific benefit of omega-3 fatty acids, failure to control for key
confounders), made it impossible to perform meta-analysis for
any question other than the supplemental treatment for
schizophrenia.



Results

Literature Search

Of 1,212 records entered into the initial screening for
relevance, 955 were excluded. All but seven of the remaining
257 reports were then retrieved and subjected to a more
detailed relevance assessment.”*' A second relevance screening
then excluded 137 reports. A third screening excluded 27
reports of uncontrolled studies. In total, 86 reports, describing
79 unique studies, were deemed relevant for the systematic
review, with six studies each described by more than one report.
To simplify matters, only one report per study is referred to in
this summary. Yet, data from all of a study’s documents were
included in qualitative and quantitative syntheses. Some studies
addressed more than one question.

Of the included studies, only one failed to be described by at
least one published report.” It was reported in abstract format.
Sixteen relevant studies were identified by manual search. One
report required translation from Chinese. All the other
included reports were written in English.

Overall, depression (n=22 studies) and schizophrenia (n=28)
were the most frequently studied disorders. Only the 10 studies
investigating attention-deficit/hyperactivity disorder (AD/HD)
enrolled pediatric populations. Many of the studies exhibited
poor quality or weak applicability to North American
populations. Synopses of evidence are presented according to
seven cross-cutting topics:

Adverse Events

A number of study reports explicitly stated that no exposure-
related adverse events had been observed.** Ten RCTs
described at least one mild adverse event associated with an
omega-3 fatty acid intervention/exposure.>**' Results from
these studies suggest that the exposures were well tolerated. In
spite of a small number of discontinuations presumed to have
been instigated by an adverse event, it is unlikely that moderate
or severe side effects were ever observed in relation to an
omega-3 fatty acid exposure. Reported difficulties tended to be
mild and transient, often involving gastrointestinal upset or
nausea. Occasionally, adverse events were linked to the intake
of oily substances, rather than to the omega-3 fatty acid
contents in the oils. Aside from the mild adverse effects
associated with Stoll et al.’s very high dose of 9.6 g/d
EPA+DHA (i.e., three patients had to decrease the number of

capsules swallowed per day, yet none were required to
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discontinue),*® no other patterns were discerned regarding the
impact of dose, type (e.g., DHA, EPA) or source (e.g., marine,
plant) of omega-3 fatty acids on safety. In one study, a child
with AD/HD in the active treatment group had to leave the
study due to problems swallowing the capsules.” Few of the
events described in two trials by Hamazaki et al., which
enrolled healthy volunteers, suggested that the adverse effects
had been directly related to the exposure.”*

Primary Treatment

One RCT examined omega-3 fatty acids as primary
treatment for depression.* It found no benefit for 2 g/d DHA
as primary treatment despite an increase in the absolute RBC
levels of DHA in the active treatment group.* Reasons for this
null result could include the use of too small a dose, too short
an intervention period, the “wrong” omega-3 fatty acid, broken
blinding, low power, or failure to modify the on-study

background intake of omega-6 fatty acids.

Notwithstanding the noncomparability of interventions,
comparators, and populations (i.e., with***** or without a
formal diagnosis of AD/HD,* with® or without significant
comorbidity"*), the complex definitions of the intervention
where it was impossible to tease out the possible specific benefit
of omega-3 fatty acids,” evidence for selection bias,” or the
failure to specify study enrollees’ specific diagnostic subtype of
AD/HD (e.g., inattentive),* the results of the three RCTs*#
and the comparative before-after study* addressing the
question about the primary treatment of AD/HD were
inconsistent. Thus, no definitive conclusions can be drawn
about the value of omega-3 fatty acids as primary treatment for

AD/HD.

One RCT examined ethyl (E)-EPA as primary treatment for
borderline personality disorder and observed significant clinical
effects, as the E-EPA group had, at study end, significantly
lower mean scores on both clinical outcomes compared with
the placebo group.' Despite its strong applicability to the
North American population, this is a small study requiring
replication.

While the results of Peet et al.’s trial”” indicate placebo-
controlled benefits accruing to omega-3 fatty acids as primary
treatment for schizophrenia, this was a small, albeit
methodologically adequate, pilot trial with little applicability to
a North American population. More work is required before we
can determine omega-3 fatty acids’ promise in this context.



Supplemental Treatment

Peet et al.’s dose-ranging RCT of E-EPA as supplemental
treatment for depression found that only 1 g/d for 12 weeks
had a significant impact on various clinical outcomes.? Two
RCTs of shorter duration also showed significant benefits
associated with 2 g/d E-EPA and 6.6 g/d of EPA+DHA,
respectively;”* the significant clinical effect reported by Su et
al. was associated with a significant increase in RBC EPA
exclusively in the active treatment group.”> However, we
decided to forego meta-analysis due to study differences on the
basis of the intervention (i.e., type, dose, followup length) and
comparator (i.e., placebo source). Also, unlike the other two
trials, Peet et al.’s did not formally identify patients with a
depressive disorder.? This may account for their finding that 1
g/d E-EPA had a beneficial effect on depressive
symptomatology.’ A low dose might not have helped the
treatment-resistant depressive disorders investigated in the other
RCTs. Yet, this likely cannot explain why Peet et al.’s higher
doses (2 g/d, 4 g/d) did not likewise ameliorate depressive
symptoms, or why more responders (i.e., 50 percent
improvement) were found in the placebo group than in the 2
g/d E-EPA group. Su et al.’s trial may have been confounded by
uncontrolled combinations of medication.” The question of
omega-3 fatty acids as supplemental treatment for depression
requires additional investigation.

Two studies, one a RCT* and one defined merely as
“controlled,” evaluated the supplemental treatment of bipolar
disorder. Only the RCT report gave us an opportunity to assess
its study parameters and results.® While it had to be stopped
prematurely, their very high dose of 9.6 g/d EPA+DHA
produced a significantly longer period of remission in the active
treatment group compared with controls. This study’s
limitations (i.e., loss of power due to its stoppage, broken
blind) require its replication. Therefore, the evidence base is too
limited to allow us to conclude anything about the value of
omega-3 fatty acids as supplemental therapy for bipolar
disorder. Likewise, one underpowered and flawed crossover
RCT, which failed to show that E-EPA is effective as
supplemental treatment for obsessive-compulsive disorder, is
insufficient to permit drawing a definitive conclusion.”

Inconsistencies in the results produced by three RCTs, the
occasional use of a complex intervention making it impossible
to tease out the possible specific benefit of omega-3 fatty
acids,” the confirmation by parents—but not by
professionals—of an AD/HD diagnosis,* interventions that did

not last long enough,**# and failures to weight-adjust doses of
omega-3 fatty acids prevent us from identifying clear

conclusions about their value as supplemental treatment for
AD/HD e

Three of four good quality placebo-controlled RCTs
investigating the supplemental treatment of schizophrenia®*%
reported significant clinical effects in favor of EPA using total
Positive and Negative Syndrome Scale (PANSS) scores,****%
although Peet et al.’s study observed this effect only for those
receiving clozapine as primary treatment.* Yet, the Emsley et al.
study found a nonsignificant trend towards greater reduction in
total PANSS scores in participants taking typical antipsychotic
medication, compared with those receiving clozapine.® Results
of our meta-analysis of two studies’ PANSS total data revealed
that dose influenced outcome. A or significant placebo-
controlled effect was identified for 2 g/d EPA yet not for doses
of at least 3g/d EPA.***” However, these results might have been
different had we been able to analyze data by type of
psychotropic medication, had both studies used either the
purified or unpurified form of EPA as well as the same placebo
oils, had their intervention periods lasted longer, or had both
trials employed capsules to deliver the omega-3 fatty acids.
While the findings are suggestive, they remain inconclusive
given that the data subjected to meta-analysis were derived
from two small trials exhibiting certain limitations.

Primary Prevention (i.e., Onset) Via Omega-3
Fatty Acid Intake

Inconsistent results, in addition to too few studies exhibiting
sound methodologies or research designs that are ideally suited
to investigate this question (e.g., prospective, controlled, with
subject-level data), suggest that it is too early to conclude
whether or not the intake of omega-3 fatty acids protects
against the onset of depressive disorders or
symptomatology.'****#5 The same issues prevent us from
concluding whether or not the intake of omega-3 fatty acids
protects against the onset of suicidal ideation or behavior.>
Given the inability of any cross-national ecological analysis to
provide meaningful subject-level data, and the failure to control
for key confounders (i.e., socioeconomic status, urban/rural
ratio, educational level, marital status, alcohol consumption,
smoker status, or family history), we cannot conclude anything
about the value of seafood consumption as protection against
the onset of bipolar disorder.”



Two RCTs failed to clarify the protective value of omega-3
fatty acid intake with respect to the onset of symptoms, not
disorders, of anxiety.”" However, these small studies do not
constitute optimal tests of this potential. Based on one cross-
sectional study, which controlled for age, income, smoking,
alcohol consumption, and eating patterns, mental health
difficulties were more prevalent in those consuming no fish.”
However, this design precludes inferring a causal link between
fish consumption and the onset of mental health difficulties.

Four RCTs, ¥ three of which enrolled healthy volunteers,
one single population cross-sectional survey” and one cross-
national ecological analysis® studied the possible association
between omega-3 fatty acid intake and the onset of tendencies
or behavior with the potential to harm others. Overall, their
findings are too inconsistent and involve too few research
designs permitting the drawing of causal inferences or too
many different definitions of the exposure, population, or
outcome to permit us to draw a consistent, individual/patient-
level conclusion regarding the value of omega-3 fatty acid
intake to protect against tendencies or behavior with the
potential to harm others.

We could not identify the research designs which, due to
their prospective and controlled nature, are most appropriate
for addressing the question of the possible relationship between
intake of omega-3 fatty acids (e.g., via breastfeeding) and the
onset of schizophrenia. Five case-control designs,?"*
single prospective cohort,”” and three cross-national ecological
analyses™** were found. The only prospective study was not
controlled, and its followup was very short.” Moreover, failure
to control for confounders was common (e.g., maternal feeding
patterns, sex of children, maternal age, socioeconomic status,
early mother-infant contact). Thus, nothing definitive can be
asserted about a reliable association between omega-3 fatty acid
intake and the onset of schizophrenia.

one

Secondary Prevention (i.e., Continuation,
Recurrence) Via Omega-3 Fatty Acid Intake

One small, multiple-group cross-sectional study revealing
that, relative to healthy controls, AD/HD children consumed
significantly lesser amounts of linoleic acid and alpha linolenic
acid (ALA) is insufficient to permit us to conclude anything
definitive regarding the potential of these PUFAs to alter the
course, or continuation, of AD/HD.? Likewise, a single RCT
demonstrating that a complex intervention including omega-3
fatty acids—whose independent effect could not be
ascertained—provided young adult prisoners with some
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protection against committing new offences® is insufficient to
determine its capacity to prevent the recurrence of tendencies
or behavior with the potential to harm others (i.., antisocial
behavior).?

Primary Prevention (i.e., Onset) Via Lipid
Biomarker Content

Inconsistent results as well as too few studies exhibiting
sound methodologies (e.g., protection against selection bias;
control for smoking, alcohol use, and psychotropic medication)
or research designs (e.g., prospective, controlled) that are ideally
suited to investigate this question suggest that it is too early to
conclude whether or not omega-3 fatty or omega-6/omega-3
acid content in biomarkers protects against the onset of
depressive disorders or symptomatology. One RCT* and seven
multiple-group cross-sectional studies"7* were included.

The inconsistency in findings across two multiple-group
cross-sectional studies,”””* which is potentially attributable to
the fact that the studies obtained their PUFA samples from
different biomarker sources, in addition to the recognition that
this type of research design is less than an ideal test of the
research question, and the observation that the studies failed to
control for different key confounders together indicate that
nothing definitive can be concluded about the ability of specific
lipid biomarker content to protect against the onset of bipolar
disorder. Irrespective of the limited agreement in observing that
both ALA and total omega-6 fatty acid levels in plasma
phospholipids were significantly lower in anorexic patients
compared with controls, the use of cross-sectional designs in
two small studies prevent the drawing of causal inferences
regarding the role of lipid biomarker content in the onset of
anorexia nervosa.”” Inconsistent findings from three multiple-
group cross-sectional studies whose designs are of limited use in
investigating the research question,”” the failures to control for
dietary intake,” to formally rule out the presence of
psychopathology in the control subjects, or to employ formal
diagnostic criteria (i.e., DSM-III) to identify their hyperactive
subjects,”® made it impossible to draw causal inferences about
the role of omega-3 or omega-6/omega-3 fatty acid content in
biomarkers to prevent the onset of AD/HD.

Three multiple-group cross-sectional studies examined the
possible association of the onset of tendencies or behavior with
the potential to harm others with the omega-3 or omega-
6/omega-3 fatty acid content of biomarkers.** Inconsistent
results, small sample sizes, and the exclusive use of cross-
sectional designs preclude deriving clear inferences regarding



etiology. Two multiple-group cross-sectional studies investigated
the possible association of the onset of alcoholism with the
omega-3 or omega-6/omega-3 fatty acid content of
biomarkers.** However, conflicting results and the use of
cross-sectional designs do not allow us to draw conclusions

regarding this possible etiology of alcoholism.

Medication status may have had somewhat of an influence
on between-group differences in RBC or plasma phospholipid
fatty acid content when the comparison group was healthy
controls. However, because these data were obtained exclusively
from twelve multiple-group cross-sectional studies™**> or two
single prospective cohort studies with methodologic flaws,”””
no meaningful possibility exists to permit drawing causal
inferences regarding patterns of lipid biomarker content and
the onset of schizophrenia. The same criticism relating to cross-
sectional designs applies to the single study examining
biomarkers data with respect to the onset of autism.”

Secondary Prevention (i.e., Continuation,
Recurrence) Via Lipid Biomarker Content

This question could not be evaluated since studies meeting
eligibility criteria were not identified.

Discussion

A notable safety profile (i.e., beyond occasional and mild
discomfort) for any type or dose of omega-3 fatty acid
supplementation was not observed. Overall, other than for the
topics of schizophrenia and depression, few efficacy or safety
studies were identified.

Only with respect to the supplemental treatment of
schizophrenia is the evidence even somewhat suggestive of
omega-3 fatty acids’ potential as short-term intervention.
However, these meta-analytic results exclusively pertaining to 2
g/d EPA require replication using design and method
refinements. Additional research might reveal the short-term or
long-term therapeutic value of omega-3 fatty acids.

One study demonstrating a significant placebo-controlled
clinical effect related to 1 g/d E-EPA given over 12 weeks to 17
patients with depressive symptoms—rather than depressive
disorders—cannot be taken to support the view of the utility of
this exposure as a supplemental treatment for depressive
symptomatology or disorders. Nothing can yet be concluded
concerning the clinical utility of omega-3 fatty acids as
supplemental treatment for any other psychiatric disorder or

condition, or as a primary treatment for all psychiatric disorders
or conditions examined in our review. Primary treatment
studies were rare.

Much more research, implementing design and methods
improvements, is needed before we can begin to ascertain the
possible utility of (foods or supplements containing) omega-3
fatty acids as primary prevention for psychiatric disorders or
conditions. Studies of omega-3 fatty acids’ primary protective
potential in mental health could be “piggybacked” onto
longitudinal studies of their impact on general health and
development.

Opverall, almost nothing is known about the therapeutic or
preventive potential of each source, type, dose, or combination
of omega-3 fatty acids. Likewise, limitations within the
evidence base prevented us from identifying the influence of
key covariables (e.g., smoking, alcohol use, psychotropic
medication) on the relationship between omega-3 fatty acid
content and clinical outcomes.

Because of limited study designs, little is known about the
relationship between PUFA biomarker profiles and the onset of
any psychiatric disorder or condition. Studies examining the
possible association between the intake of omega-3 fatty acids,
or the PUFA content of biomarkers, and the continuation or
recurrence of psychiatric disorders or conditions were virtually
nonexistent.

If future research is going to produce data that are
unequivocally applicable to North Americans, it will need to
enroll either North American populations or populations
exhibiting a high omega-6/omega-3 fatty acid intake ratio
similar to what has been observed in the diet of North
Americans. Furthermore, if a reasonable view is that omega-3
fatty acids may play a role in mental health, then given the
observed or proposed inter-relationships among omega-3 and
omega-6 fatty acid contents both in the human diet and
metabolism, researchers should likely consider taking into
account the possible therapeutic or preventive influence of the
dietary omega-6/omega-3 fatty acid intake ratio.

Availability of the Full Report

The full evidence report from which this summary was taken
was prepared for the Agency for Healthcare Research and
Quality (AHRQ) by the University of Ottawa Evidence-based
Practice Center under Contract No. 290-02-0021. It is
expected to be available in July 2005. At that time, printed



copies may be obtained free of charge from the AHRQ
Publications Clearinghouse by calling 800-358-9295.
Requesters should ask for Evidence Report/Technology
Assessment No. 116, Effects of Omega-3 Fatty Acids on Mental
Health. In addition, Internet users will be able to access the
report and this summary online through AHRQ’s Web site at
www.ahrq.gov.
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Chapter 1. Introduction

This evidence report by the University of Ottawa’s Evidence-Based Practice Center (EPC)
concerning the effects of omega-3 fatty acids on mental health is one among several that address
topics related to omega-3 fatty acids that were requested and funded by the Office of Dietary
Supplements (ODS), National Institutes of Health (NIH), through the EPC program at the
Agency for Healthcare Research and Quality (AHRQ). Three EPCs—the Tufts-New England
Medical Center (Tufts-NEMC) EPC, the Southern California-RAND (SC-RAND) EPC, and the
University of Ottawa EPC (UO-EPC)—each produced evidence reports. To ensure consistency
of approach, the three EPCs collaborated on selected methodological elements, including
literature search strategies, rating of evidence, and data table design.

The aim of these reports is to summarize the current evidence concerning the health effects
of omega-3 fatty acids on the following: cardiovascular diseases, cancer, child and maternal
health, eye health, gastrointestinal/renal diseases, asthma, autoimmune diseases, immune-
mediated diseases, transplantation, mental health, and, neurological diseases and conditions. In
addition to informing the research community and the public on the effects of omega-3 fatty
acids on various health conditions, it is anticipated that the findings of the reports will also be
used to help define the agenda for future research.

The focus of this report is on mental health outcomes in humans. In this chapter, the
metabolism, physiological functions, and sources of omega-3 fatty acids are briefly discussed.
This constitutes background material, placing in context the data presented in the evidence
report. As well, the description of the U.S. population’s intake of omega-3 fatty acids is
provided in response to a general question posed within the task order (i.e., project). This
introductory material is then complemented by a brief review of the epidemiology and
descriptions of mental health disorders or conditions, in addition to some of their treatment
options. The brief review is intended as an overview rather than a comprehensive description.
The terms “mental health” and “psychiatric” are used interchangeably, as in “psychiatric” or
“mental health” disorders or conditions. “Conditions” refer to behavior or symptoms (e.g.,
dysphoric feelings, suicidal ideation, anger, aggressiveness), which are necessary yet insufficient
to warrant a formal diagnosis of psychiatric disorder despite their potentially serious
consequences.

Chapter 2 describes the methods used to identify, review and synthesize the results from
studies concerning omega-3 fatty acids in mental health. Chapter 3 presents the findings of
studies meeting eligibility criteria, with discussion points, including recommendations for future
research, completing the report in Chapter 4.

Metabolism and Biological Effects of Essential Fatty Acids

Dietary fat is an important source of energy for biological activities in human beings. It
encompasses saturated fatty acids (SFAs), which are usually solid at room temperature, and
unsaturated fatty acids (UFAs), which are liquid at room temperature. UFAs can be further
divided into monounsaturated (MUFAs) and polyunsaturated fatty acids (PUFAs). PUFAs can
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be classified, on the basis of their chemical structure, into two groups: omega-3 (n-3) fatty acids
and omega-6 (n-6) fatty acids. The omega-3 or n-3 notation means that the first double bond in
this family of PUFAs is 3 carbons from the methyl end of the molecule. The same principle
applies to the omega-6 or n-6 notation. Despite their differences in structure, all fats contain the
same amount of energy (i.e., 9 kcal/g or 37 kJ/g).

Of all fats found in food, two—alpha-linolenic acid (chemical abbreviation: ALA; 18:3 n-3)
and linoleic acid (LA; 18:2 n-6)—cannot be synthesized in the human body, yet these are
necessary for proper physiological functioning. These two fats are thus called “essential fatty
acids” (EFAs). The EFAs can be converted in the liver to long-chain PUFAs (LC PUFAs),
which have a higher number of carbon atoms and double bonds. These LC PUFAs retain the
omega type (n-3 or n-6) of the parent essential fatty acids.

ALA and LA comprise the bulk of the total PUFAs consumed in a typical North American
diet. Typically, LA comprises 89 percent of the total PUFAs consumed, while ALA comprises 9
percent. Smaller amounts of other PUFAs make up the remainder." Both ALA and LA are
present in a variety of foods. For example, LA is present in high concentrations in many
commonly used oils, including safflower, sunflower, soy, and corn oil. ALA, which is consumed
in smaller quantities, is present in leafy green vegetables and in some commonly used oils,
including canola and soybean oil. Some novelty oils, such as flaxseed oil, contain relatively high
concentrations of ALA, but these oils are not commonly found in the food supply.

The Institute of Medicine (IOM) suggests that, for adults 19 and older, an adequate intake
(AI) of ALA is 1.1-1.6 grams/day (g/d), and 11-17 g/d for LA.> Recommendations regarding Al
differ by age and gender groups, and for special conditions such as pregnancy and lactation.

As shown in Figure 1, eicosapentaenoic acid (EPA; 20:5 n-3) and docosahexaenoic acid
(DHA; 22:6 n-3) can act as competitors for the same metabolic pathways as arachidonic acid
(AA; 20:4 n-6). In human studies, the analyses of fatty-acid compositions in both blood
phospholipids and adipose tissue have shown a similar competitive relationship between omega-
3 LC PUFAs and AA. General scientific agreement supports an increased consumption of
omega-3 fatty acids and reduced intake of omega-6 fatty acids to promote good health.

However, for omega-3 fatty acid intake, the specific quantitative recommendations vary widely
among countries not only in terms of different units — ratio, grams, total energy intake — but
also in quantity.’ Furthermore, there remain numerous questions relating to the inherent
complexities concerning omega-3 and omega-6 fatty acid metabolism, in particular the
relationships between the two fatty acids. For example, it remains unclear to what extent ALA is
converted to EPA and DHA in humans, and to what extent the high intake of omega-6 fatty acids
compromises any benefits of omega-3 fatty acid consumption. Without the resolution of these
two fundamental questions, it remains difficult to study the importance of the omega-6/omega-3
fatty acid ratio.

Metabolic Pathways of Omega-3 and Omega-6 Fatty Acids

Omega-3 and omega-6 fatty acids share the same pools of enzymes and go through the same
oxidation pathways while being metabolized (Figure 1). Once ingested, the parent of the omega-
3 fatty acids, ALA, and the parent of the omega-6 fatty acids, LA, can be elongated and
desaturated into LC PUFAs. LA is converted into gamma-linolenic acid (GLA; 18:3 n-6), an



omega-6 fatty acid that is a positional isomer of ALA. GLA, in turn, can be converted to the
long-chain omega-6 fatty acid, AA, while ALA can be converted, to a lesser extent, to the long-
chain omega-3 fatty acids, EPA and DHA. However, the conversion from parent fatty acids into
LC PUFAs occurs slowly in humans, and conversion rates are not well understood. Because of
the slow rate of conversion, and the importance of LC PUFAs to many physiological processes,
humans must augment their level of LC PUFAs by consuming foods rich in these important
compounds. Meat is the primary food source of AA, and fish is the primary food source of EPA.

The specific biological functions of fatty acids depend on the number and position of double
bonds and the length of the acyl chain. Both EPA and AA are 20-carbon fatty acids and are
precursors for the formation of prostaglandins (PGs), thromboxane (Tx), and leukotrienes
(LTs)—hormone-like agents that are members of a larger family of substances called
eicosanoids. Eicosanoids are localized tissue hormones that seem to be one of the fundamental
regulatory classes of molecule in most higher forms of life. They do not travel in the blood, but
are created in the cells to regulate a large number of processes, including the movement of
calcium and other substances into and out of cells, dilation and contraction of muscles, inhibition
and promotion of clotting, regulation of secretions including digestive juices and hormones, and,
the control of fertility, cell division and growth.”

As shown in Figure 1, the long-chain omega-6 fatty acid, AA, is the precursor of a group of
eicosanoids including series-2 prostaglandins (PG;) and series-4 leukotrienes (LT,4). The omega-
3 fatty acid, EPA, is the precursor to a group of eicosanoids including series-3 prostaglandins
(PG3) and series-5 leukotrienes (LTs). The series-2 prostaglandins and series-4 leukotrienes
derived from AA are involved in intense actions (such as accelerating platelet aggregation, and
enhancing vasoconstriction and the synthesis of mediators of inflammation) in response to
physiological stressors. The series-3 prostaglandins and series-5 leukotrienes derived from EPA
are less physiologically potent than those derived from AA. More specifically, the series-3
prostaglandins are formed at a slower rate and work to attenuate excessive series-2
prostaglandins. Thus, adequate production of the series-3 prostaglandins, which are derived
from the omega-3 fatty acid, EPA, may protect against heart attack and stroke as well as certain
inflammatory diseases like arthritis, lupus and asthma.” In addition, animal studies have
demonstrated that omega-3 LC PUFAs, such as EPA and DHA, engage in multiple
cytoprotective activities that may contribute to antiarrhythmic mechanisms.” Arrhythmias are
thought to be the cause of “sudden death” in heart disease.

In addition to affecting eicosanoid production as described above, EPA also affects
lipoprotein metabolism and decreases the production of other compounds—including cytokines,
interleukin 1B (IL-1pB), and tumor necrosis factor o (TNF-a)—which have pro-inflammatory
effects. These compounds exert pro-inflammatory cellular actions that include stimulating the
production of collagenase and increasing the expression of adhesion molecules necessary for
leukocyte extravasation.’ The mechanism responsible for the suppression of cytokine production
by omega-3 LC PUFAs remains unknown, although suppression of eicosanoid production by
omega-3 fatty acids may be involved. EPA can also be converted into the longer chain omega-3
form of docosapentaenoic acid (DPA, 22:5 n-3), and then further elongated and oxygenated into
DHA. EPA and DHA are frequently referred to as VLN-3FA—very long chain n-3 fatty acids.
DHA, which is thought to be important for brain development and functioning, is present in
significant amounts in a variety of food products, including fish, fish liver oils, fish eggs, and
organ meats. Similarly, AA can convert into an omega-6 form of DPA.



Studies have reported that omega-3 fatty acids decrease triglycerides (Tg) and very low
density lipoprotein (VLDL) in hypertriglyceridemic subjects, concomitant with an increase in
high density lipoprotein (HDL). However, they appear to increase or have no effect on low
density lipoprotein (LDL). Omega-3 fatty acids apparently lower Tg by inhibiting VLDL and
apolipoprotein B-100 synthesis, and decreasing post-prandial lipemia.” Omega-3 fatty acids, in
conjunction with transcription factors (small proteins that bind to the regulatory domains of
genes), target the genes governing cellular Tg production and those activating oxidation of
excess fatty acids in the liver. Inhibition of fatty acid synthesis and increased fatty acid
catabolism reduce the amount of substrate available for Tg production.®

As noted earlier, omega-6 fatty acids are consumed in larger quantities (> 10 times) than
omega-3 fatty acids. Maintaining a sufficient intake of omega-3 fatty acids is particularly
important since many of the body’s physiologic properties depend upon their availability and
metabolism.



Figure 1. Classical omega-3 and omega-6 fatty acid synthesis pathways and the role of omega-3 fatty acids
in regulating health/disease markers
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U.S. Population Intake of Omega-3 Fatty Acids

The major source of omega-3 fatty acids is dietary intake of fish, fish oil, vegetable oils
(principally canola and soybean), some nuts such as walnuts, and, dietary supplements. Two
population-based surveys, the third National Health and Nutrition Examination (NHANES III)
1988-94, and the Continuing Survey of Food Intakes by Individuals 1994-98 (CSFII), are the
main sources of dietary intake data for the U.S. population. NHANES III collected information
on the U.S. population aged >2 months. Mexican Americans and non-Hispanic African-
Americans, children <5 years old, and adults > 60 years old were over-sampled to produce more
precise estimates for these population groups. There were no imputations for missing 24-hour
dietary recall data. A total of 29,105 participants had complete and reliable dietary recall.

The CSFII 1994-96, popularly known as the “What We Eat in America” survey, addressed
the requirements of the National Nutrition Monitoring and Related Research Act of 1990 (Public
Law 101-445) for continuous monitoring of the dietary status of the American population. The
CSFII 1994-96 utilized an improved data-collection method for 24-hour recall known as the
multiple-pass approach. Given the large variation in intake from day-to-day, multiple 24-hour
recalls are considered to be best suited for most nutrition monitoring and will produce stable
estimates of mean nutrient intake from groups of individuals.” In 1998, the Supplemental
Children’s Survey, a survey of food and nutrient intake by children under the age of 10 years,
was conducted as a supplement to the CSFII 1994-96. The CSFII 1994-96, 1998 surveyed
20,607 people of all ages with over-sampling of low-income population (<130% of the poverty
threshold). Dietary intake data from individuals of all ages were collected over two
nonconsecutive days via two one-day dietary recalls.

Table 1 reports the NHANES III survey mean intake + the standard error of the mean (SEM),
in addition to the median and range for each omega-3 fatty acid. Distributions of EPA, DPA,
and DHA were very skewed; therefore, the means and standard errors of the means should be
used and interpreted with caution. Table 2 reports the CSFII survey mean and median intakes
for each omega-3 fatty acid, along with SEMs, as reported in the Dietary Reference Intakes from
the Institute of Medicine.”

Table 1: Estimates of the meanzstandard error of the mean (SEM) intake of linoleic acid (LA), alpha-linolenic
acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) in the US population, based on
analyses of a single 24-hour dietary recall of NHANES Il data

Grams/day % Kcal/day
Mean+SEM Median (range)" Mean+SEM Median (range)*
LA (1822 n-6) 14.120.2 9.9 (0- 168) 5.79+0.05 5.30 (0 - 39.4)
ALA (18:3 n-3) 1.33+0.02 0.90 (0 - 17) 0.55+0.004 0.48 (0 - 4.98)
EPA (205 n-3) 0.04+0.003 0.00 (0 - 4.1) 0.02+0.001 0.00 (0 - 0.61)
DHA (22:6 n-3) 0.07+0.004 0.00 (0 - 7.8) 0.030.002 0.00 (0 - 2.86)

'The distributions are not adjusted for the over-sampling of Mexican-Americans, non-Hispanic African-Americans, children <5
years old, and adults > 60 years old in the NHANES III dataset.



Table 2: Mean, range, median, and standard error of the mean
(SEM) of usual daily intakes of linoleic acid (LA), total omega-3
fatty acids (n-3 FA), alpha-linolenic acid (ALA), eicosapentaenoic
acid (EPA), docosapentaenoic acid (DPA) and docosahexaenoic
acid (DHA) in the US population, based on CSFIl data (1994-1996,

1998)
Grams/day
Mean+SEM Median+SEM
LA (18:2 n-6) 13.040.1 12.0+0.1
Total n-3 FA 1.40+0.01 1.30+0.01
ALA (18:3 n-3) 1.30+0.01 1.21+0.01
EPA (20:5 n-3) 0.028 0.004
DPA (22:5 n-3) 0.013 0.005
DHA (22:6 n-3) 0.057+0.018 0.046£0.013

Dietary Sources of Omega-3 Fatty Acids

Omega-3 fatty acids can be found in many different sources of food, including fish,
shellfish, some nuts, and various plant oils. Selected from the USDA website, Table 3 lists the

amount of omega-3 fatty acids in some commonly consumed fish, shellfish, nuts, and edible
oils."



Table 3: The omega-3 fatty acid content, in grams per 100 g food serving, of a representative sample of
commonly consumed fish, shellfish, fish oils, nuts and seeds, and plant oils that contain at least 5 g omega-3
fatty acids per 100 g

Food item EPA DHA ALA | Food item EPA DHA ALA
Fish (Raw?) Fish, continued

Anchovy, European 0.6 0.9 - Tuna, Fresh, Yellowfin trace 0.2 trace
Bass, Freshwater, Mixed Sp. 0.2 0.4 0.1 Tuna, Light, Canned in Oil° trace 0.1 trace
Bass, Striped 0.2 0.6 trace | Tuna, Light, Canned in Water® trace 0.2 trace
Bluefish 0.2 0.5 - Tuna, White, Canned in Oil® trace 0.2 0.2
Carp 0.2 0.1 0.3 | Tuna, White, Canned in Water® 0.2 0.6 trace
Catfish, Channel trace 0.2 0.1 Whitefish, Mixed Sp. 0.3 0.9 0.2
Cod, Atlantic trace 0.1 trace | Whitefish, Mixed Sp., Smoked trace 0.2 -
Cod, Pacific trace 0.1 trace | Wolffish, Atlantic 0.4 0.3 trace
Eel, Mixed Sp. trace trace 0.4

Flounder & Sole Sp. trace 0.1 trace

Grouper, Mixed Sp. trace 0.2 trace | Shellfish (Raw)

Haddock trace 0.1 trace | Abalone, Mixed Sp. trace - -
Halibut, Atlantic and Pacific trace 0.3 trace | Clam, Mixed Sp. trace trace ftrace
Halibut, Greenland 0.5 0.4 trace | Crab, Blue 0.2 0.2 -
Herring, Atlantic 0.7 0.9 0.1 Crayfish, Mixed Sp., Farmed trace 0.1 trace
Herring, Pacific 1.0 0.7 trace | Lobster, Northern - - -
Mackerel, Atlantic 0.9 1.4 0.2 Mussel, Blue 0.2 0.3 trace
Mackerel, Pacific and Jack 0.6 0.9 trace | Oyster, Eastern, Farmed 0.2 0.2 trace
Mullet, Striped 0.2 0.1 trace | Oyster, Eastern, Wild 0.3 0.3 trace
Ocean Perch, Atlantic trace 0.2 trace | Oyster, Pacific 0.4 0.3 trace
Pike, Northern trace trace trace | Scallop, Mixed Sp. trace 0.1 -
Pike, Walleye trace 0.2 trace | Shrimp, Mixed Sp. 0.3 0.2 trace
Pollock, Atlantic trace 0.4 - Squid, Mixed Sp. 0.1 0.3 trace
Pompano, Florida 0.2 0.4 -

Roughy, Orange trace - trace

Salmon, Atlantic, Farmed 0.6 1.3 trace | Fish Oils

Salmon, Atlantic, Wild 0.3 1.1 0.3 | Cod Liver Qil 6.9 11.0 0.9
Salmon, Chinook 1.0 0.9 trace | Herring Oil 6.3 4.2 0.8
Salmon, Chinook, Smoked"® 0.2 0.3 - Menhaden Qil 13.2 8.6 1.5
Salmon, Chum 0.2 0.4 trace | Salmon Qil 13.0 18.2 1.1
Salmon, Coho, Farmed 0.4 0.8 trace | Sardine Oil 101 10.7 1.3
Salmon, Coho, Wild 0.4 0.7 0.2

Salmon, Pink 0.4 0.6 trace

Salmon, Pink, Canned® 0.9 0.8 trace | Nuts and Seeds

Salmon, Sockeye 0.6 0.7 trace | Butternuts, Dried - - 8.7
Sardine, Atlantic, Canned in Oil° 0.5 0.5 0.5 | Flaxseed 18.1
Seabass, Mixed Sp. 0.2 0.4 - Walnuts, English - - 9.1
Seatrout, Mixed Sp. 0.2 0.2 trace

Shad, American 1.1 1.3 0.2

Shark, Mixed Sp. 0.3 0.5 trace | Plant Qils

Snapper, Mixed Sp. trace 0.3 trace | Canola (Rapeseed) - - 9.3
Swordfish 0.1 0.5 0.2 Flaxseed Oil - - 53.3
Trout, Mixed Sp. 0.2 0.5 0.2 | Soybean Lecithin Oil - - 5.1
Trout, Rainbow, Farmed 0.3 0.7 trace | Soybean Oil - - 6.8
Trout, Rainbow, Wild 0.2 0.4 0.1 Walnut Oil - - 104
Tuna, Fresh, Bluefin 0.3 0.9 - Wheatgerm Oil - - 6.9
Tuna, Fresh, Skipjack trace 0.2 -

Trace = <0.1; - = 0 or no data; Sp. = species; “Except as indicated; °Lox.; “Solids with bone and liquid; ‘Drained solids with

bone; ‘Drained solids.
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Disorders of Mental Health: an Overview

Disorders of mental health are becoming increasingly common in the US. It is estimated that
in a given year, 22%, or one in five American adults, suffers from a diagnosable mental health
disorder."" These disorders, including major depression, bipolar disorder, schizophrenia, and
obsessive-compulsive disorder, account for four of the ten leading causes of disability in the US
and other developed countries.'> Many people suffer from more than one mental disorder at a
given time. The Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-
IV), published by the American Psychiatric Association, is the reference guide currently used
particularly in North America to diagnosis psychiatric disorders.

The DSM approach, with its diagnostic criteria often embodied as various methods (e.g.,
structured interviews), has been updated several times over the past decades, an observation
suggesting the need to recognize that individuals diagnosed using the different versions of DSM
may actually be exhibiting varying clusters or intensities of clinical features (e.g.,
symptoms/behaviors)."? Other classification systems (e.g., ICD-10), employing diagnostic
criteria which are potentially different from the DSM approach, have also been used to identify
psychiatric disorders. Together, these two observations highlight the importance of considering
how the ways in which psychiatric populations are identified may account for varying responses
to the same interventions within clinical or research contexts."> The following sections introduce
the psychiatric disorders or conditions for which evidence pertinent to this systematic review was
identified.

Affective Disorders

Affective, or mood, disorders include depression (major and dysthymic) and bipolar disorder
(manic depression). In a given year, it is estimated that 18.8 million American adults, or 9.5% of
the population aged 18 years and older, exhibit the characteristics of a depressive disorder."!
Twice as many women (12%) as men (6.6%) are affected.(National Institute of Mental Health,
2001) The World Health Organization (WHO) has estimated that major depressive disorder may
become the second leading cause of diability by 2020, positioning it second only to ischemic
heart disease, and making it the leading cause in developing regions.'*

The mainstay of depressive symptoms are feelings of unhappiness, loss of energy and
interest, fatigue, poor concentration, altered appetite, sleep disturbances, diminished cognitive
function, weight gain/loss, anxiety, agitation or irritability, chronic indecisiveness, and often,
suicidal ideation.”>'® Individuals with dysthymic disorder (chronic, mild depression) have
depressive symptoms of lesser severity than what is seen in individuals with major depression.
Dysthymic disorder can begin in childhood, adolescence or early adulthood. Symptoms must
persist for a minimum of two years in adults, or one year in children, in order to meet criteria for
a DSM-IV diagnosis. Individuals with dysthymic disorder are usually able to manage their life,
although symptoms may be severe enough to cause distress and interfere with important life
responsibilities. In a given year, approximately 40 percent of adults with dysthymic disorder
may end up meeting the criteria for major depressive disorder or bipolar disorder."’
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Major depression (clinical depression, unipolar depression) is characterized by severe
symptoms of depression. WHO has determined that major depression is the third leading cause
of vocational disability worldwide."> According to DSM-IV, major depression is defined as two
or more weeks of low mood or diminished interest in usual activities, combined with four or
more of the following symptoms: sleep alteration (increased or decreased); inappropriate guilt or
loss of self-esteem; altered appetite (increased or decreased); diminished energy; diminished
concentration; psychomotor symptoms (either agitation or retardation); or suicidal ideation. The
average age of onset is the mid-twenties, and for most people, episodes of major depression last
from six to nine months."!

Bipolar disorder (manic depression) is characterised by extreme mood swings, that is,
alternating between periods of mania and periods of depression. According to DSM-IV, mania is
defined as a distinct change in mood and functioning, lasting at least one week, and is
characterized by a euphoric or irritable mood accompanied by symptoms such as increased
energy, decreased need for sleep, rapid thinking and speech, grandiosity, poor judgement and
impulsivity, and in some cases, psychosis (i.e., delusions and/or hallucinations). For patients
with bipolar disorder, episodes of mania are followed by periods of major depression. Patients
may also have “mixed” mood states in which the symptoms of mania and depression occur
simultaneously, or “rapid cycling,” where continuous or frequently shifting mood states occur.
Unlike dysthymia and major depression, where the incidence is higher in women, bipolar
disorder tends to affect men and women equally. The average age of a first manic episode is the
early twenties.'' It has been estimated that 20% to 30% of individuals with bipolar disorder will
die as a direct consequence of their illness, usually by suicide.'”
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Treatment Options

Treatment options for patients diagnosed with depression include psychotherapy,
pharmacotherapy, and in some instances, electroconvulsive therapy. For individuals with severe
depression, antidepressant medication is the treatment of choice, whereas psychotherapy alone
may be sufficient to treat individuals with mild to moderate depression.

The most commonly used antidepressant medications include the selective serotonin reuptake
inhibitors (SSRIs) and tricyclic antidepressants. The monoamine oxidase inhibitors (MAOIs) are
used less frequently. Herbal therapy, including St. John’s wort, has also been suggested as being
helpful in the treatment of depression. The treatment of choice for bipolar disorder remains
lithium or divalproex. The SSRIs and tricyclics act by slowing the reuptake of neurotransmitters,
thus making them more available. The SSRIs work specifically on the neurotransmitter
serotonin, whereas the tricyclics and MAOIs work on both serotonin and norepinephrine. In
general, the SSRIs appear to demonstrate fewer side effects than do the tricyclics or MAOIs.

In spite of the availability of these medications, it has been estimated that 29% to 46% of
patients are treatment-resistant, that is, they show no clinical response or only a partial response
to the antidepressant medications. One approach to dealing with treatment-resistant depression
is the use of combination therapy or the addition of a “booster drug” to augment the effects of the
primary medication(s). Natural compounds, including omega-3 fatty acids, have recently been
touted as potential augmentors of antidepressants’ effects in treatment-resistant depression.'*"
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Anxiety Disorders

Anxiety disorders typically include panic disorder, generalized anxiety disorder, obsessive-
compulsive disorder, post-traumatic stress disorder, and phobias (social phobia, agoraphobia).
Anxiety disorders often coexist with other disorders (e.g., depressive disorders), with an
estimated 75% of individuals with an anxiety disorder also meeting criteria for at least one other
psychiatric illness. The NIMH estimates that within a given year, 19 million American adults
between the ages of 18 and 54 years exhibit evidence of an anxiety disorder. Although equal
numbers of men and women suffer from obsessive-compulsive disorder and social phobia,
approximately twice as many women than men suffer from panic disorder, post-traumatic stress
disorder, generalized anxiety disorder, and agoraphobia.''

Obsessive-compulsive disorder is estimated to afflict 2% to 3% of the world’s population,
including approximately 3.3 million American adults or 2.3% of the population.'' Tt is
characterized by obsessive thoughts and compulsive actions (e.g., cleaning, ordering, counting)
that are associated with, and often are behavioral attempts to deal with, marked anxiety or
distress (DSM-IV). While it can range from mild to severe in intensity, severe obsessive-
compulsive disorder can interfere with a person’s ability to function.

Treatment Options

As with other mental health disorders, treatment for anxiety disorders, including obsessive-
compulsive disorder, typically involves pharmacologic and psychotherapy treatment approaches.
Pharmacologic treatment options have included benzodiazepines, tricyclic antidepressants and
MAOIs, but more recently include antidepressant medications such as the SSRIs.
Psychotherapeutic strategies that help patients cope with their anxiety include the cognitive-
behavioural therapies. For individuals with obsessive-compulsive disorder, complete remission
is rare, with most people requiring longterm medication.

Anorexia Nervosa

Anorexia nervosa is an eating disorder that more commonly afflicts females. An estimated
0.5% to 3.7% of American females suffer from anorexia during their lifetime.' According to
DSM-1V, criteria for the diagnosis of anorexia nervosa include an individual’s refusal to
maintain their body weight at or above a minimally normal weight for their age and height, an
intense fear of gaining weight or becoming fat, and a refusal to acknowledge weight loss.
Amenorrhea is a common concomitant because of the impact of weight loss on the endocrine
system. Other potential problems include heart rhythm disturbances, abdominal abnormalities
and 212r21emia. The mortality rate for individuals with anorexia has been estimated to be 0.56% per
year.
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Treatment Options

The goal of treatment of individuals with anorexia is weight gain. To achieve this,
physicians must restore healthy eating patterns and to address thoughts and feelings concerning
body image. This usually requires individual and/or family psychotherapy, and in some
instances the use of antidepressant medications.

Attention Deficit/Hyperactivity Disorder

Attention deficit/hyperactivity disorder (AD/HD) is the most commonly diagnosed mental
health disorder in children and adolescents. According to the American Academy of Pediatrics,
4% to 12% of all school-age children are estimated to be affected by AD/HD. Although
traditionally associated with school-age children, its prevalence in adults and in preschoolers is
being increasingly recognized. Individuals with AD/HD are often unable to focus on assigned
tasks, are easily distracted, and are often impulsive and/or hyperactive (DSM-IV). AD/HD is two
to three times more common in boys than in girls. DSM-IV recognizes three main subtypes, that
is, where clinical features indicate AD/HD predominantly characterized by problems of
inattention, hyperactivity/impulsivity, or both.

Treatment Options

According to the American Academy of Pediatrics, children with AD/HD should be treated
with a stimulant medication such as methylphenidate (Ritalin®), dextroamphetamine and/or
behavior therapy.” A relatively recent complementary or alternative approach, called EEG-
centered biofeedback, aims to teach the child to modulate their own attentional states so that they
may adapt more readily to varying environmental expectations regarding behavior.

Tendencies or Behaviors With the Potential to Harm Others:
the Spectrum of Anger/Hostility, Aggression and Violence

Numerous forms of behavior have the potential to harm others. While not always correlated
with or culminating in physical action, verbally manifested anger and hostility can be quite
disruptive to others. Aggression—any action that causes injury to oneself, others, or objects—is
a common feature of many psychiatric disorders. According to the NIMH, more than 90% of
individuals who commit suicide have a diagnosable mental health disorder, most commonly a
depressive disorder or a substance abuse disorder. In a review of 28 studies, Flannery found that
patients who were found to be repetitively violent more frequently than not had received a
diagnosis of schizophrenia or a personality disorder; both males and females were equally
represented and patients tended to be younger.** Underlying factors that relate to aggression
include genetics, environment (i.e., childhood experiences of aggression, parental dysfunction),
structural brain abnormalities, and neurotransmitter dysfunction. The focus here is on the broad
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spectrum of externalizing tendencies (e.g., angry outbursts) or behaviors (e.g., physical
aggression) with the potential to harm others.

Treatment Options

Pharmacological treatment for aggression includes the full spectrum of psychotropic
medications including antidepressant medications, neuroleptics, and mood stabilizers. Although
these agents have been used successfully in the clinic or in clinical trials, the Food and Drug
Administration (FDA) has yet to approve any agent specifically for the treatment of aggression.
Approaches to dealing with anger, hostility or violence have also ranged from psychotherapy to
incarceration.

Alcoholism

According to DSM-1V, alcoholism is defined as a destructive pattern of alcohol use leading
to significant social, occupational or medical impairment. Alcohol dependence and alcohol
abuse are among the most common psychiatric disorders in the general population, with an
estimated 8% of adults suffering from alcohol dependence and 5% from alcohol abuse. There
appears to be a strong genetic predisposition toward alcoholism—the risk is three to four times
higher in a close relative of individuals with alcohol dependence. Alcoholism is sometimes seen
as a component of general maladaptive functioning that may include tendencies or behavior with
the potential to harm others.

Treatment Options

Treatment options for individuals with alcoholism include self-help programs and
psychosocial therapy. Pharmacotherapy is often used as an adjunct to psychosocial therapy, with
the former including medications such as naltrexone that block the alcohol-brain interaction(s).

Borderline Personality Disorder

Borderline Personality Disorder, according to DSM-IV, is characterized by a pervasive
pattern of unstable interpersonal relationships, self-image, and behavior. This instability often
interferes with family, work and long-term planning. Although less well known than bipolar
disorder or schizophrenia, borderline personality disorder is actually more common, affecting an
estimated 2% of adults, including mostly young women. Unlike depression or bipolar disorder
where a person can experience the same mood for weeks, a person with borderline personality
disorder can exhibit intense periods of anger, depression and anxiety that each last only hours, or
maybe a day. The risks of self-injury without suicidal intent or of suicide are both elevated for
individuals with this disorder.”

15



Treatment Options

Borderline personality disorder does not appear to respond well to existing pharmacotherapy
approaches. In general, antidepressants and mood stabilizers are used to treat some of the
defining symptoms, such as depression or psychosis. A new form of psychotherapy called
dialectical behavior therapy, developed specifically to treat patients with borderline personality
disorder, has shown promising results.

Schizophrenia

Schizophrenia is a debilitating condition characterized by perceptual and behavioral
disturbances, conceptual disturbances, impaired ability to communicate, and social/occupational
dysfunction. According to the NIMH, approximately 2.2 million American adults experience
schizophrenia in a given year. Although it afflicts men and women with equal frequency,
symptoms usually appear earlier in men (late teens to early twenties) than in women (twenties or
early thirties). In general, diagnostic criteria for schizophrenia include at least two of the
following “active phase” symptoms that persist for a significant portion of time during a one-
month period: delusions, hallucinations, disorganized speech, disorganized or catatonic behavior,
or negative symptoms (i.e., affective flattening, alogia, or avolition). Only one of these
symptoms is required if it is accompanied with a voice that keeps a running commentary on the
person’s behavior or thoughts, or if two or more voices are talking with each other.

Treatment Options

The hallmark of schizophrenia treatment remains antipsychotic medications. These help to
reduce symptoms, thus allowing patients to function better and improve their quality of life.
Although these medications have been available since the mid-1950’s, many have demonstrated
significant side effects. A new class of antipsychotic, the atypical antipsychotics, have been
available since the late 1980°s. These medications, which include clozapine, risperidone,
olozapine, quetiapine, ziprasidone and aripiprazole, may be somewhat more effective while
producing fewer side effects than the earlier neuroleptic mediations. However, side effects with
these medications still occur and often it is necessary to alter dosages or add additional drugs to
find the most effective approach.

Autism

Autism is one of a spectrum of Pervasive Developmental Disorders. It is characterized by
severe and pervasive impairment in thinking, feeling, language, and the ability to relate to others.
Autism affects an estimated one to two per 1000 individuals, and is generally apparent by the age
of three. Although autism is four times more likely to affect boys than girls, girls with autism
tend to have more severe symptoms and greater cognitive impairment."’
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Treatment Options

There is currently no single treatment approach for individuals with autism. Most healthcare
professionals agree that early intervention is important. Pharmacotherapy is sometimes used to
treat associated behavioral problems (e.g., aggression, self-injurious behaviour) so that the
individual can function more smoothly at home and school. The possible importance of nutrition
has also been speculated upon.

Omega-3 Fatty Acids and Mental Health

Approximately 50% to 60% of the adult brain is composed of lipids (dry weight), of which
roughly 35% are phospholipids comprised of UFAs.”” Of the UFAs, AA and DHA are found in
the highest concentrations. These components of phospholipids have important functions in
maintaining nerve cell membrane integrity and fluidity, as well as contributing to neuronal signal
transduction. DHA has been shown to be especially important in prenatal brain development,
where it appears to play a key role in synaptogenesis.”*° DHA deficiency has been linked to a
number of neurophysiological deficits including cognitive impairment,* decreased visual
acuity,”’ and decreased cerebellar function.*

In the adult biosystem, an optimal balance between omega-3 and omega-6 fatty acids is
likely essential for normal neuronal function, and it has been suggested that the current
imbalance in the omega-6 to omega-3 fatty acid ratio in the North American diet may be in small
or large part responsible for the observed increases in disorders of all kinds.*>** This imbalance
has likewise suggested an etiologic mechanism by which psychiatric disorders may develop (i.e.,
abnormalities in PUFA metabolism), and in turn, a rationale for ways to treat them (e.g., PUFA
supplementation). In both of these regards, depression and schizophrenia have been the two
most investigated and speculated upon psychiatric disorders.

The strong variability in the annual prevalence rates for major depressive disorder, expressed
as an almost 60-fold variation across countries,® parallels the wide cross-national differences in
mortality rates from coronary artery disease, suggesting that similar risk factors could be
involved in both scenarios.*” In the 20™ century the increasing lifetime risk of depression has co-
emerged with a shift in diet involving an increase in omega-6 fatty acid intake and a decrease in
the intake of omega-3 fatty acids;* and, this change in the dietary omega-6/omega-3 fatty acid
intake ratio has been proposed as being responsible for the increased risk of depression.* At the
same time, it has been suggested that these recent changes in the especially Western diet are
responsible for the increase in cardiovascular and inflammatory disorders.*’ To add to this
picture, there is some empirical evidence suggesting that major depression is strongly predictive
of both coronary heart disease and myocardial infarction;’*' and, some physical illnesses, such
as coronary heart disease or diabetes, appear to occur with increased frequency in patients with
major depression and schizophrenia.>

The mechanism by which diet may affect health, including depression or cardiovascular
disease, is thought to involve low levels of omega-3 fatty acid content in biomarkers (e.g., red
blood cells [RBCs]).**>* An omega-3 fatty acid deficiency hypothesis of depression has been
put forward, which has helped justify treatment with omega-3 fatty acid supplementation.>*
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These treatment-related data, as well as those reflecting the possible association of the fatty acid
content of biomarkers with the risk of depression, are systematically reviewed in this report.

The membrane phospholipid hypothesis of schizophrenia has been proposed in an attempt to
develop a model explaining schizophrenia’s etiology.” It describes the presumed biochemical
dynamics underpinning a neurodevelopmental theory. Some of the evidence used to support this
perspective is systematically reviewed in this review, and so these data are not presented here.
Nevertheless, by way of introducing the topic, at least some of the empirical evidence suggests
the existence of phospholipid and PUFA metabolic abnormalities in schizophrenia.
Experimental investigations have focused on peripheral tissues, including RBCs and skin
fibroblasts. Certain data pertaining to phospholipids, which are not systematically reviewed
here, have shown that there are reduced levels of phospholipid subtypes (e.g.,
phosphatidylcholine, phosphatidylethanolamine) in schizophrenic patients.”® Since other work
has shown increased levels of phosphodiesters (i.e., phospholipid breakdown products) and
decreased levels of phosphomonoesters (i.e., used in phsopholipid synthesis) in prefrontal and
temporal brain tissue of drug-naive schizophrenic patients,’” it has been proposed that there
exists increased phospholipid turnover in the brains of schizophrenic patients.>

Numerous studies have assessed the PUFA content of membrane phospholipids in
schizophrenia, with controlled studies eligible for inclusion in the present review (see Chapter 2).
The ensuing discussions in the literature have centered on whether there is evidence for a
depletion of omega-6 and omega-3 fatty acid content in the RBCs and the brain tissue of patients
with schizophrenia.”® At the same time, some animal studies have shown that essential and non-
essential fatty acids in the diet can have a significant impact on neuronal membrane phospholipid
composition.”® Thus, it has been posited that modifications to diet could mitigate or aggravate
an underlying abnormality of phospholipid metabolism.>

However, the present review was not conducted specifically to test either of these
hypotheses. Rather, the rationale for this two-year project investigating the possible health
benefits of omega-3 fatty acids is to systematically review the evidence to aid in the development
of a research agenda. Nevertheless, these emerging models regarding depression and
schizophrenia do suggest plausible bases for the use of omega-3 fatty acids to treat these two
psychiatric disorders. As with depression, treatment-related data, as well as those reflecting the
possible association of the fatty acid content of biomarkers with the risk of schizophrenia, are
systematically reviewed in this report. Evidence concerning psychiatric disorders and conditions
for which there are poorly developed, or no, animal or human models suggesting the use of
omega-3 fatty acids as treatment or prevention are also systematically reviewed.
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Chapter 2. Methods

Overview

The UO-EPC’s evidence report on omega-3 fatty acids in mental health is based on a
systematic review of the scientific-medical literature to identify, and synthesize the results from,
studies addressing key questions. Together with content experts, UO-EPC staff identified
specific issues integral to the review. A Technical Expert Panel (TEP) helped refine the research
questions as well as highlighted key variables requiring consideration in the evidence synthesis.
Evidence tables presenting key study-related characteristics were developed and are found in the
Appendices. In-text summary tables were derived from the evidence tables. The methodological
quality and generalizability of the included studies was appraised, and individual study results
were summarized.

Key Questions Addressed In This Report

The purpose of this evidence report was to synthesize information from relevant studies to
address the following basic questions:

e Are omega-3 fatty acids efficacious as primary or supplemental treatment for (some
psychiatric disorder or condition)? (Question 1)

e [Is omega-3 fatty acid intake, including diet and/or supplementation, associated with the
onset, continuation or recurrence of (some psychiatric disorder or condition)? (Question
2)

e I[s the onset, continuation or recurrence of (some psychiatric disorder or condition)
associated with omega-3 or omega-6/omega-3 fatty acid content of biomarkers?
(Question 3)

e What is the evidence that, in review-relevant studies concerning mental health, adverse
events (e.g., side effects) or contraindications are associated with the intake of omega-3
fatty acids? (Question 4)

The overarching goal was to identify and systematically review whatever evidence exists
within the eligibility boundaries established for this review in consultation with our TEP and in
light of the topics being addressed by SC-RAND and Tufts-NEMC EPCs. These boundaries are
delineated in the Eligibility Criteria section (below). More details concerning the four basic
questions are provided in conjunction with the description of the Analytic Framework (below).
We were also guided collectively by ODS, our TEP and our UO-EPC review team content
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experts to examine, where data permitted, the possible influence on efficacy, association or
safety evidence of the following potential effect modifiers:

intervention/exposure length;
type(s) of omega-3 fatty acid (e.g., ALA, EPA, DHA);

source of the omega-3 fatty acids (e.g., marine, plant, nut), including the specific source
(e.g., mackerel as an oily fish);

delivery format (e.g., whole food servings, capsules, pourable or spreadable oils);

dose/serving size, including the precision/control of its delivery (e.g., per-day specific,
minimum, maximum or range of numbers of capsules, whole food servings or bottle-
pourable litres);

type of processing used to purify the intervention/exposure and/or to maintain the
experimental blind (e.g., ethyl esterification; adding an anti-oxidant to stabilize/preserve
oils; adding flavor to oils; [vacuum] deodorization);

amount/dose of omega-6 fatty acid intake either added as a separate cointervention or
identified as being present in the background diet, thereby establishing a specific,
minimum, maximum or range of allowable or mandated on-study omega-6/omega-3 fatty
acid intake;

the identity of the manufacturer and/or certain characteristics of their product(s) (i.e.,
purity; presence of other potentially active agents that have not been added intentionally:

e.g., methylmercury content);

for questions relating to efficacy or association, the prestudy/baseline or on-study omega-
3 or omega-6/omega-3 fatty acid content of blood lipid biomarkers;

absolute or relative omega-3 fatty acid content of the prestudy/baseline diet;
omega-6/omega-3 fatty acid content in the prestudy/baseline diet, with the study
population’s country of origin as a possible surrogate measure of the omega-6/omega-3

fatty acid content of the background diet; and,

any study subpopulations (e.g., minority; ethnic; genetic, including diabetics).

Furthermore, where data permitted, the following factors with the potential to influence (i.e..,
aggravate, control) mental health outcomes (e.g., intensity of symptoms/behaviors) were also
investigated:

severity of the psychiatric disorder or condition;
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e psychotropic medication type and dose;
e comorbid conditions and their treatments;
e diagnostic classification system/criteria employed to identify study population;

e age and other sociodemographic factors (e.g., marital status, education, income,
employment status);

e general health status;
® stressors;

e other cointerventions (e.g., licit drug use, other supplement use, psychological
interventions, use of complementary/alternative [CAM] medicine/products);

e social support;

e current smoker status;

e current alcohol consumption; and,

¢ influences on vegetative functioning (e.g., exercise, quality of sleep).

Psychotropic medication, current smoker status, and alcohol consumption are especially
important effect modifiers in that they have been observed to influence both mental health status
and essential fatty acid status, with levels of the latter potentially affecting the former.®

Analytic Framework

An analytic framework was developed to make explicit the review’s specific links relating
the populations and settings of interest (i.e., the study participants and the disorders or conditions
of interest), the focal exposure or intervention (i.e., omega-3 fatty acids ingested as
supplementation and/or from food sources), potential effect-modifying factors, key mental health
outcomes, and the possible role played by the omega-3 or omega-6/omega-3 fatty acid content of
biomarkers in mediating the intake-outcome relationship (Figure 2). The possibilities of adverse
events (e.g., side effects) and contraindications are recognized. In short, the framework outlines
the various lines of logic defining the review’s research questions. However, not all linkages
were investigated.

One criterion established in this review is that each researchable question had to be clinically
relevant. That is, each question had to involve the investigation of at least one relevant clinical
outcome. Likewise, to be eligible for inclusion in the review each study had to entail an
investigation of at least one pertinent clinical outcome. Considering the purpose of the two-year
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task order is to afford a clinically-relevant research agenda, this decision was judged to be
appropriate by both our TEP and our review team. Thus, excluded were studies whose sole
focus was to examine the impact of omega-3 fatty acid interventions or exposures on the omega-
3 or omega-6/omega-3 fatty acid content of biomarkers, even if the study populations met the
other eligibility criteria set for the present review. Each of the four basic questions outlined
above is now seen in light of the links identified in the framework.

Figure 2. Analytic Framework for omega-3 fatty acids in mental health. Populations of interest in rectangles.
Exposure in oval. Outcomes in rounded rectangles. Effect modifiers in hexagons. Solid connecting arrows indicate
associations and effects reviewed in this report.

POPULATIONS OF INTEREST

* Populations formally diagnosed with a psychiatric disorder

* Populations at elevated risk for a psychiatric disorder given a past diagnosis,
currently exhibiting a subset of a disorder's defining symptoms/behaviors albeit
insufficient to merit a formal diagnosis, or having a first order relative with a
psychiatric diagnosis

* Populations not necessarily at elevated risk for a psychiatric disorder despite
exhibiting a subset of its defining symptoms/behaviors (e.g., dysphoric mood)

* Healthy populations (i.e., not at elevated risk for a psychiatric disorder/diagnosis)

* Specific subpopulations (minority, ethnic, genetic: e.g., diabetic)
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The populations of interest include those:
e with a current psychiatric diagnosis (Population 1);

e at elevated risk to develop a psychiatric disorder or condition by virtue of certain past or
present events (i.€., a past psychiatric diagnosis; currently experiencing a subset of
symptoms/behaviors with the potential [e.g., intensity] to develop into a full-fledged
disorder; having a first order relative with a psychiatric diagnosis) (Population 2);

e who are not necessarily at risk to develop a psychiatric disorder despite currently
experiencing a subset of its symptoms/behaviors (Population 3);

e “healthy” individuals who, under certain circumstances (e.g., stress) may exhibit a subset
of symptoms/behaviors necessary yet insufficient to indicate a psychiatric disorder (e.g.,
aggression) (Population 4); and,

e specific subpopulations, some of whose characteristics may predispose them to develop
or avoid developing psychiatric difficulties (Population 5).

Our TEP requested that studies investigating the fourth population category be included in the
review. As the four basic questions are introduced, and their important linkages are highlighted
within the framework, the relevant populations are identified. The fifth category of population,
or specific subpopulations, could be examined with respect to each of the four basic questions.

Questions pertaining to the efficacy of omega-3 fatty acids as primary or supplemental
treatment (i.e., Question 1) entail a direct investigation of their potentially beneficial influence on
clinical outcomes. Pertinent populations include the first three delineated above, that is, those
individuals with a psychiatric diagnosis or a psychiatric condition at the time of the study, the
latter including symptoms/behaviors insufficient to merit a formal diagnosis (e.g., dysphoric
mood). Outcomes could involve changes in symptom severity, time to a treatment failure, or
remission of the disorder.

The question regarding the possible association between the intake of omega-3 fatty acids
and the onset, continuation or recurrence of a psychiatric disorder or condition (i.e., Question 2)
examines whether intake protects individuals from developing, or perhaps predisposes them to
develop, a psychiatric disorder or a subset of its symptoms/behaviors (i.e. onset). The question
also examines whether omega-3 fatty acid intake influences the clinical course or outcome of a
psychiatric disorder or condition insofar as it could facilitate or prevent its continuation (e.g.,
progression of a condition so that it becomes a disorder; progression of a disorder) or recurrence.
Relevant populations for the “onset” subquestion include those in Population 4 (i.e., “healthy”
individuals), those belonging to “at risk” Population 2 with a psychiatrically diagnosed first order
relative, or those in either Populations 2 or 3 who might be exhibiting a psychiatric condition that
could develop into a full-fledged disorder. For the “continuation” subquestion, pertinent
populations include Populations 1 (i.e., a current psychiatric disorder), 2 or 3 (i.e., a current
psychiatric condition). The “recurrence” focus includes Population 2 (i.e., past diagnosis).
Outcomes could include prevalence and incidence, as well as indices of secondary prevention.
The latter could be observed where amounts or types of fatty acid intake prevent the intensity of
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a psychiatric condition (e.g., dysphoric mood) from increasing and contributing to the
development of a full-fledged disorder (e.g., major depression).

Results from relevant studies (see Eligibility Criteria) with respect to Questions 1 and 2,
which reflect the possible influence of interventions/exposures on the omega-3 or omega-
6/omega-3 fatty acid content of biomarkers (see their definition in Eligibility Criteria section),
are highlighted briefly and exclusively with an exploratory intention since reliable associations
between biological and clinical effects could suggest a mechanism by which omega-3 fatty acid
interventions/exposures bring about improved clinical outcomes.

The question regarding the possible association between the omega-3 or omega-6/omega-3
fatty acid content of biomarkers and the onset, continuation or recurrence of a psychiatric
disorder or condition (i.e., Question 3) investigates whether certain levels of fatty acid content
(i.e., composition, or concentration) in blood lipid biomarkers (e.g., RBCs, plasma
phospholipids) protect individuals from developing, or perhaps predispose them to develop,
psychiatric disorders or subsets of their symptoms/behaviors (i.e. onset). The question also
examines whether certain levels of fatty acid content in blood lipid biomarkers can influence the
clinical course or outcome of a psychiatric disorder or condition by facilitating or preventing
their continuation (e.g., progression of a condition so that it becomes a disorder; progression of a
disorder) or recurrence. Relevant populations for the “onset” subquestion include those in
Population 4 (i.e., “healthy” individuals), those belonging to “at risk” Population 2 with a
diagnosed first order relative, or those in either Populations 2 or 3 who might have a psychiatric
condition that could develop into a full-fledged disorder. For the “continuation” subquestion,
pertinent populations are Populations 1 (i.e., a current psychiatric disorder), 2 or 3 (i.e., a current
psychiatric condition). The “recurrence” focus includes Population 2 (i.e., a past diagnosis).
Outcomes could include prevalence and incidence, although observing that a certain fatty acid
composition in biomarkers prevents the intensity of a psychiatric condition (e.g., dysphoric
mood) from increasing and contributing to the development of a full-fledged disorder (e.g.,
major depression) could indicate secondary prevention. Question 4 is addressed using safety
data from studies meeting eligibility criteria.

The possible influence of predefined effect modifiers is evaluated in relation to each of the
basic questions. Where possible, question-specific sections titled “Impact of Covariates and
Confounders” elucidate a) those variables (e.g., omega-3 fatty acid type; comorbid conditions;
psychotropic medication) that were consistently observed, across reviewed studies, to influence
study outcomes as well as b) those variables (e.g., age, sex), which having been controlled for
either experimentally or analytically in reviewed studies, were observed to consistently
influence, or consistently fail to influence, study outcomes.

Study Identification

Search Strategy

The search strategy for this project was designed to be comprehensive and achieve the
highest possible recall of relevant clinical studies. The electronic search strategy was developed
by an information specialist in consultation with clinical content experts in mental health.
Because of the number of conditions falling under the rubric of mental health, the mental health
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subject tree and index terms for suicidal, aggressive and impulsive behavior was used, rather
than terms appearing in free text. For those with less robust subject indexing in the area of
mental health, supplemental free text terms were added to the electronic search strategy (CDSR,
CAB Health). The mental health search concept was combined with the core omega-3 fatty
acids search strategy established in collaboration with the project librarians, biochemists,
nutritionists, and clinicians from the three EPCs involved in the 2-year, Health Benefits of
Omega-3 Fatty Acids task order. Consultation among these sources provided the biochemical
names and abbreviations of omega-3 fatty acids, names of commercial omega-3 fatty acids
products, and food sources of omega-3 fatty acids.

The following electronic databases were searched: Medline (1966 — November Week 2 2003
and updated to April Week 3 2004), Embase (1980 to 2003 Week 48 and updated to 2004 Week
18), the Cochrane Library including the Cochrane Central Register of Controlled Trials (3™
Quarter 2003), PsycInfo (1982 to December Week 1, 2003) and CAB Health (1973-Sept 2003).
All databases were searched via the Ovid interface using Search Strategy 1 (Appendix A”),
except CDSR where we used Search Strategy 2 (Appendix A*) and CAB Health, which was
searched through SilverPlatter using Search Strategy 3 (Appendix A*). Searches were not
restricted by language of publication, publication type, or study design, except with respect to the
MeSH term “dietary fats,” which was limited by study design to increase its specificity. A total
of 1606 bibliographic records were downloaded, with 410 duplicate records identified and
removed using citation management software (Reference Manager®).

Reference lists of included studies, book chapters, and narrative or systematic reviews
retrieved after having passed the first level of relevance screening, were manually searched to
identify additional unique references. Through contact with content experts, attempts were made
to identify both published and unpublished studies. On behalf of the three EPCs investigating
the evidence concerning the health benefits of omega-3 fatty acids, a letter was written to
industry representatives to obtain additional evidence (Appendix B*). Unsuccessful attempts
were made to contact the lead author of a recent Cochrane Collaboration systematic review of
PUFA supplementation 