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Introduction: Omega-3 polyunsaturated fatty acids (omega-3 PUFAs) are not
synthesized by the human body; they must be derived from dietary sources
and they have been known to be involved with neurological, cardiovascular,
cerebrovascular, autoimmune and metabolic diseases, and cognitive disorder
as well as mood disorders.

Areas covered: A number of epidemiological and preclinical studies have
proven the potential benefit and critical role of omega-3 PUFA in the develop-
ment and management of major depressive disorder (MDD). In addition,
recently independent clinical trials and meta-analyses have also provided
superidority of omega-3 PUFA over placebo as monotherapy or augmentation
agent in the treatment of MDD. This article presents a brief overview of the
evidence to date about the clinical application and biological mechanisms
of omega-3 PUFA in the treatment of MDD.

Expert opinion: Given the potential action mechanism, clinical benefits and
currently available clinical trial data, omega-3 PUFAs may deserve greater
attention and wider application for treatment of MDD. However, the practical
utility of omega-3 PUFA as one of promising alternative agent for treatment
of MDD still have many questions unresolved to be fully addressed in
near future.

Keywords: clinical trial, efficacy; major depressive disorder, omega-3 polyunsaturated

fatty acids, safety
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1. Background

Major depressive disorder (MDD) is a chronic, recurrent and serious mental illness,
and it is also associated with high morbidity and mortality, significant economic
burdens, decrease in personal and work productivity, high suicide rates and substan-
tial impairments in the quality of life [1-3]. Despite a numerous antidepressants with
different action mechanism are currently available in the market, the clinical efficacy
in terms of remission and response in the treatment of MDD is still disappointing
to both clinicians and patients, evidenced by a number of well-controlled, industry-
sponsored and investigator-initiated clinical trials as well as large practical clinical
trials [4,5]. Approximately 30% of MDD patients remit with initial antidepressant
treatment, whereas a chance of recurrence significantly increases with subsequent
treatment failures. Hence, most treatment guidelines propose various treatment
approaches for patients with inadequate treatment response or treatment failure (4.
Among such different treatment strategies, augmentation to current antidepressant
is commonly used to enhance the efficacy of initial antidepressant or to produce
a synergistic effect with current antidepressant [6.7). Although, the clinical benefit
of augmentation agents such as atypical antipsychotics has been recently demon-
strated, we need more innovative and safe agents other than currently available
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Article highlights.

o Approximately 30% of MDD patients remit with initial
antidepressant treatment, whereas a chance of
recurrence significantly increases with subsequent
treatment failures.

The beneficial effects of omega-3 PUFA in depression
are proven in preclinical studies of animal and cellular
models. Omega-3 PUFAs are associated with preventive
and reductive effects of depression-like behaviors in
animal models.

Currently available clinical trials have suggested that
omega-3 PUFAs would be effective and tolerable for
treating patients with depression.

Despite need of more proven clinical trial data, omega-3
PUFAs may be another viable treatment option for
patients who have shown poor treatment response or
intolerability to currently exsting antidepressants, who
have failed to have any benefits from other next
treatment option, or who are not able to be treated
with antidepressant.

More clinical trial data with adequate sample size and
advanced-study design will be mandatory to prove the
effects and safety of omega-3 PUFAs in the treatment
of depression.

This box summarizes key points contained in the article.

augmentation agents, when considering such augmentation
agents’ adverse events (AEs) (e.g, atypical antipsychotics’
tardive dyskinesia and lithium’s nephrotoxicity) [8]. In fact,
there has been some progress in trials of unique augmentation
agents based on their pharmacological profile [9,10].

In this context, one of essential nutrients, omega-3 polyun-
saturated fatty acid (omega-3 PUFA), may be one of intriguing
therapeutic agents in the treatment of depression [11]. There are
two main types of PUFAs in the human body, the omega-6
(n-6) series derived from cis-linoleic acid (LA, 18:2) and the
omega-3 (n-3) series derived from o-linolenic acid (ALA,
18:3). Omega-3 PUFAs (e.g, cicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA)) and omega-6 PUFAs (e.g,
arachidonic acid (AA)) are important constituents of all cell
membranes and are essential for survival of humans and other
mammals. Omega-3 PUFA cannot be synthesized efficiently
in the human body; hence, they have to be obtained from the
diet and are, thus, called essential fatty acids (EFAs) [12].

The deficit of omega-3 PUFA has been reported to be asso-
ciated with neurological, cardiovascular, cerebrovascular, auto-
immune and metabolic diseases [13-16], dementia [17], bipolar
disorder [1819] and depression [2021]. The preclinical studies
revealed that omega-3 PUFAs are linking to neurophysiologic
and neurochemical functions of depression [152224]. In addi-
tion, the clinical studies from double-blind randomized clinical
trials and systemic meta-analyses have shown the potential
application to use omega-3 fatty acids in the treatment of clin-
ical depression [17,2526], especially for special populations of
children 27 or pregnant women [28] with MDD. However, it
is yet to be determined whether the efficacy of omega-3

PUFAs’ antidepressant effects are dependent on specific patient
types or on specific formula and ratio of DHA and EPA [29-31).

This article is to provide a brief overview of the evidence to
date about the clinical application and biological mechanisms
of omega-3 PUFA in MDD.

2. Literature selection

A search of the studies used the key terms “omega-3 PUFA”
from the databases (PubMed and MedLine) and Web resour-
ces. The studies searched were verified for publication in
English peer-reviewed journals. We also used reference lists
from identified articles and reviews to find additional studies.
No date constraint was utilized. Randomized, placebo-
controlled clinical trials were principally considered for this
review. Open-label studies and case reports, and studies
regarding other than depression were not included. Proceed-
ings of the scientific meetings were also searched for paper
and poster presentations. Literature search and verification
were handled first by one of the authors (S.M.W.) and then
independently reassessed by (K.S. and C.U.P.). All relevant
studies meeting a scope of the present review purpose were
selected based on the consensus among the authors. System-
atic/meta-analytic reviews improve the reliability and accuracy
of the conclusions based on the data selection criteria and
search methods, however, the results are often inconsistent
and require careful appraisal and interpretation. Clinicians
need to integrate such review results with clinical expertise,
updated studies, clinical experiences and the patient’s prefer-
ences [32]. In this context, narrative review may also provide
useful clinical points for specific topic since such reviews.

3. Basic experimental rationale (action
mechanism)

The beneficial effects of omega-3 PUFA in depression are fur-
ther supported in preclinical studies of animal and cellular
models. Omega-3 PUFAs are associated with preventive and
reductive effects of depression-like behaviors in animal model
in rats (33-36]. In addition, the level of brain DHA is negatively
correlated to the immobility time and is positively correlated to
the swimming time [35]. Although the biological mechanisms
underlying the antidepressant effects of omega-3 PUFAs are
yet to be addressed, we summarize a few possible explanations:

i) Neurotransmitter regulations: The change in omega-
3 PUFA concentrations in the brain, induced by chronic defi-
ciency in dietary omega-3 PUFAs, could lead to an increase
in serotonin 2 (5-HT,) and decrease in dopamine 2 (D,)
receptor density in the frontal cortex [37-421. The upregulation
of 5-HT,a,c receptors and downregulation of dopamine
receptors are thought to play a role in the pathophysiology
of depression [43]. Further, high cerebrospinal fluid concen-
tration of 5-hydroxy-indoleacetic acid (5-HIAA), a metabo-
lite of serotonin and an indicator of brain serotonin
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turnover, has been shown to be associated with high plasma
concentration of omega-3 PUFAs among healthy
subjects [44]. Biochemical studies have also shown that
omega-3 PUFAs increased CSF 5-HIAA concentration and
somatotrophin release [45], which are commonly associated
with the improvement of depressive symptoms.

ii) Anti-inflammation and anti-oxidation effects: The
inflammation theory of depression has been supported
from several lines of evidence including increasing inflam-
matory biomarkers in clinical depressed patients and the
observed behavioral changes related to inflammatory
changes [4647). Inflammation induce depression-like
behaviors [48] and signal transductions [49] and neuroendo-
crine 48,50 changes linking to depression. Omega-3 PUFAs
are anti-inflammatory and therefore could be beneficial in
depression and several inflammation-related physical dis-
eases [14,23,2436,51,52]. According to the recent trial, omega-
3 PUFAs can also lower inflammation (measured by changes
in interleukin-6 and TNF-o) in healthy middle-aged and
older adults who were sedentary and overweight, and thus
could have broad health benefits [53].

iii) Neuroplasticity effects: Various chronic antidepressant
treatments increase adult hippocampal neurogenesis [54-56],
and animal studies suggest that the behavioral effects of
chronic antidepressants may be mediated by an induction
of neuroplasticity and neurogenesis in the brain [s6]. In a
small clinical study, EPA supplementation has been shown
to increase cortical concentrations of N-acetyl aspartate, a
putative marker of neuronal integrity and function,
thereby protecting against excitotoxic apoptosis [57]. In
addition, preclinical studies have shown that omega-3
PUFAs promote hippocampal neurogenesis in adult
animals [58-60]. Moreover, omega-3 PUFAs may modulate
neurotrophins [61-65], which might be a direct mechanism
to mediate neurogenesis and antidepressant effects [61].

iv) Arachidonic acid cascade: The “Arachidonic acid
cascade” has been identified as one of the mechanisms of
mood stabilization (66] and has been supported by empirical
evidences, including the higher ratio of AA to DHA [18,67.68]
and hyperactivity of its major metabolic enzyme phospholi-
pase A2 (PLA2) in patients with mood disorders (69,701, the
inhibitory effect on PLA2 activity of mood stabilizers [71-74],
and the therapeutic effect of omega-3 PUFAs in mood
disorders [182675]. Despite the exact interaction between
omega-3 PUFAs and arachidonic cascade, possible mecha-
nisms of having low membrane AA and DHA in mood dis-
orders, may include reduced availability of PUFAs, reduced
cellular uptake of PUFAs, deficient incorporation of PUFAs
into membrane phospholipids, deficient activity of both
enzyme (desaturase or enlongase), or excessive removal by
membrane lipid peroxidation [18.76].

v) Oxidative stress: It has been proposed that oxidative
stress may also play a major pathophysiological link with
mood disorders [77]. Factors that may contribute to
increased oxidative stress in mood disorders include

Omega-3 PUFA and depression

increased gluco-oxidation, increased formation of reactive
oxygen species (ROS) such as superoxide and hydrogen
peroxide, and antioxidant deficiencies [78,79]. There is con-
siderable evidence that a diet enriched with EPA and DHA
protects against multiple medical diseases involving anti-
oxidation pathways defects (78,80,81]. In fact, administration
of omega-3 PUFA was found to be beneficial on serum tri-
glycerides, HDL-cholesterol, lipid peroxidation and anti-
oxidant enzymes, which have been continuously
replicated in patients with diabetes [82-84] as well as mood
disorders [77.85].

vi) Clinical findings: It has been observed that societies
with a high consumption of fish in their diet appear to
have a lower prevalence of MDD, coronary heart disease
mortality, cardiovascular disease mortality, stroke mortal-
ity and all-causes mortality [44,86,87) implying a protective
effect of omega-3 PUFAs in medical and psychiatric
disorders, although the evidence is not clear-cut and con-
tradictory findings are also presented [8s]. Consistent with
the epidemiological finding, it is found that patients with
MDD have lower levels of omega-3 PUFAs in tissues of
blood [21] and brain [52]. The deficits in omega-3 PUFA
levels have been reported in other populations with
mood disorders, including lower DHA and total
omega-3 PUFAs in postpartum depression [89]; lower
DHA and EPA in social anxiety disorder (901; and lower
DHA and AA in bipolar disorders [18]; even in recovered
depressed patients [7].

4. Clinical evidence

4.1 Efficacy

In consistent to the case-control studies of PUFA levels in
human tissues, omega-3 PUFAs have been reported to be
effective in the treatment of MDD.

A number of independent clinical trials [26-28,91-99] have
reported an antidepressant effect of PUFAs, although other
studies failed to demonstrate the superiority of omega-
3 PUFA over placebo [100-108]. Briefly, as for monotherapy tri-
als, the reduction of various primary endpoints from baseline
to the endpoints (e.g, Hamilton Depression rating scale and
Montgomery Asberg Depression Rating scale, etc.) ranged
approximately from 23 to 56% in the treatment with omega-
3 PUFA, while it was from 17 to 46% in the treatment with
placebo, with magnitude of differences (2 to 21%, omega-
3 PUFA vs. placebo) between the two treatment groups.

When it comes to augmentation trials, the reduction of var-
ious primary endpoints from baseline to the endpoints ranged
approximately from 3 to 60% in the treatment with omega-3
PUFA, while it was from -3 to 56% in the treatment with pla-
cebo, with magnitude of differences (-13 to 31%, omega-3
PUFA vs. placebo) between the two treatment groups.

Six meta-analytic researches were conducted by four inde-
pendent groups [17.20,2530,31,109. However, among such
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meta-analysis, three previous meta-analyses from two groups
did not support the antidepressant effects of omega-3 PUFA
when heterogeneous populations (e.g, community samples)
were included [29,104,110). The negative findings need to be
interpreted with caution because of a few limitations, such
as pooling heterogeneous populations, using different mood
assessments, and implementing different intervention
methods [30,51,111]. Tables 1 and 2 summarize the clinical effi-
cacy of omega-3 OUFAs as a monotherapy or augmentation
therapy for the treatment of MDD. In addition, omega-
3 PUFA’s adjunctive mood-stabilizing effects on bipolar
disorder were demonstrated in a 4-month, randomized con-
trolled study [112]. In the results, omega-3 PUFA treatment
significantly prolonged the remission period than the placebo
group. The omega-3 PUFA was also more likely to have better
treatment outcomes in most other secondary measures than
the placebo group. In our reexamination of the data reported
by Stoll er al, we found that all “noncompleted” cases (3 out
of 14 cases) in the omega-3 group developed a manic episode,
whereas the depressive symptoms in all but 1 of the noncom-
pleted cases (10 out of 16 cases), in the placebo group wors-
ened. This observation suggests that omega-3 PUFA could
prevent depression but not mania in patients with BD 7).
Despite the uneven quality of published studies, recent
meta-analytic evidence strongly supports the adjunctive use
of omega-3 to treat bipolar depression. However, the study
regarding effectiveness of omega-3 PUFA in the acute manic
phase of bipolar disorder is still lacking. To date, only two
small double-blind placebo-controlled trial was published
and did not support omega-3 PUFAs anti-manic
effects [113,114). Future large-scale, double-blind, placebo-
controlled trials are needed.

4.2 Safety and tolerability

In numerous clinical studies, omega-3 PUFAs have been
shown to be well tolerated for patients with chronic medical
illnesses, mental disorders and in pregnant women [20,115,116].
Adverse reactions are rare; if occur, they usually involve belch-
ing or eructation or perhaps fish taste [117]. It has been
suggested that the potential anti-thrombotic effect of omega-
3 PUFAs may theoretically increase the risk for bleeding.
Clinical trials have shown high-dose omega-3 PUFAs con-
sumption to be safe, even when concurrently administered
with other agents that may increase bleeding, such as aspirin
and warfarin [115]. According to Harris’s systematic review
on 19 available clinical trials with n-3 PUFAs supplementa-
tion for patients with high risk of bleeding (n = 4397) [11s],
the risk for clinically significant bleeding is “virtually non-
existent” Another potential safety concern is the susceptibi-
lity of omega-3 fatty acids to undergo oxidation [119], which
may contribute to patient intolerance and potential toxi-
city [120-122]; however, the conclusions are highly inconsistent.
Adding antioxidant vitamin E to omega-3 PUFAs is the com-
mon way to reduce oxidation and rancidity, to maintain fresh-
ness, and to increase shelf life (123]. The concurrent use of

vitamin E with omega-3 PUFAs may also overcome the
potential risk of oxidative stresses [123-127]. However, most of
the published studies have shown either no change in
oxidation [126,128-135], or decreasing oxidation [84,136-143].
Since omega-3 PUFAs may have antidepressant effects,
another possible adverse effect is drug-induced mania. Until
now, there is only one case report to show that omega-
3 PUFAs could induce hypomania [144]. It is recommended
to perform comprehensive assessments on manic symptoms
for patients receiving omega-3 PUFAs in future clinical trials.

5. Expert opinion

A mounting evidence suggests the inadequate response and
remission rates after treatments with different antidepressants.
A number of newer and older medications including lithium,
triiodothyronine (TH), creatine monohydrate, scopolamine,
buspirone, dopamine agonists, S-adenosyl-L-methionine
(SAM-¢) and stimulants [10,145-149) have been investigated as
a monotherapy or augmentation treatment for depressed
patients after inadequate clinical improvement with antide-
pressants treatment or from the beginning of treatment. How-
ever, among such alternative agents, majority of studies with
lithium, SAM-e, TH, buspirone, scopolamine, dopamine
agonists and stimulants have significant methodological issues
(few controlled trials, formulation of agents and small sam-
ples, etc.) and also produced inconsistent results yet.

In addition, although some atypical antipsychotics includ-
ing aripiprazole, quetiapine XR and olanzapine plus fluoxe-
tine have received the official approval as augmentation
agent for MDD and treatment-resistant depression (7,150,
the treatment outcomes are not satisfactory yet in terms of
remission and full recovery, and there are major safety issues
of antipsychotics such as potential risks for developing move-
ment disorders, drug interactions and metabolic disturbance
in patients with MDD. Based on such critical safety issues
from other agents and overall clinical benefit considering effi-
cacy and safety profile, omega-3 PUFA may be one of puta-
tive promising agent for the treatment of MDD. Based on
currently available clinical trials with omega-3 PUFA, most
such trials involved a small number of patients but were
largely well designed. The most convincing evidence for ben-
eficial effects of omega-3 PUFA should be in the treatment of
mood disorders. Many meta-analyses of trials involving
patients with MDD and bipolar depression also provided
some evidence that omega-3 PUFA treatment may potentially
decrease depressive symptoms [17,20,25,30,31,109].

Despite well-controlled clinical trials and systematic
meta-analyses which have demonstrated the potential
utility of omega-3 PUFA in the treatment of MDD
[20,26-28,31,91-97,116], it is not clearly shown whether the
efficacy of omega-3 PUFAs’ antidepressant effects should
be potentially different for specific subtypes of MDD (anx-

ious vs. non-anxious, atypical vs. nonatypical, etc.).
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Further, substantial differences have been reported in the
prevalence, symptom manifestation, developmental mecha-
nisms, patients’ recognition and treatment of MDD across
different ethnicities [151]. Hence investigation of whether any
differences would exist for specific target depressive symptoms
between Western and Asian populations in the use of omega-
3 PUFA should be also intriguing.

Another issue is what type of formula and the ratio of DHA
and EPA should be the optimal for the treatment of
MDD [29-31]. In fact, most clinical trials with omega-3 PUFA
for MDD adopted different formula and ratio of DHA and
EPA and potential differences in efficacy and safety by different
ratios in DHA and EPA has not been fully elucidated yet.
There have been some differences in the role of DHA and
EPA. DHA is the predominantly major fatty acid component
of brain phospholipids and is essential for normal brain devel-
opment [152]. According to a recent study, interestingly, a 1%
increase in plasma DHA was associated with ~ 60% decrease
of depressive symptoms [153]. In addition, EPA and DHA had
significant differences in the production of interferon-
Y (IFN-Y) (154). EPA has been known to cause a higher decrease
in the production of IFN-y, which is associated with the devel-
opment of depression [96]. According to a recent meta-analy-
sis [155], EPA was proposed to be more beneficial than DHA
in the treatment of depression; however, such a finding has
not been confirmative since subsequent studies have shown
opposite results [28,35,85]. Based on currently existing literatures,
more research is required to determine the relative importance
of EPA and DHA in the development and treatment of depres-
sion, and this issue should be more clearly investigated to place
the exact ratio in omega-3 PUFA for establish a standardized
formulation [156].

In the efficacy trials, another critical point is that some
investigators [102,104] did not apply firm diagnosis of
MDD based on formal criteria. This point is important
since the baseline severity of MDD should be one of signif-
icant moderator of the antidepressant effect of omega-
3 PUFA supplementation as proposed in the previous
research [29]. As the sample size of researches with omega-
3 PUFA are relatively small, meta-analysis may be possible
solution to detect more reliable efficacy of omega-3 PUFA
with increase of sample power adding currently all available
studies together. In this context, such diagnostic issues may
substantially impact and deviate the treatment outcomes
as providing conflicting meta-analytic results among
researchers [29,31].

Early improvement in depressive symptoms with antide-
pressant treatment may predict a favorable treatment
outcome [157-162]. Studies on the association between the onset
time of antdepressant response and the probability of
response have yielded some intriguing findings, although
debates still continue. Therefore, future studies will need to
investigate the influence of early treatment effect of omega-
3 PUFA on the later clinical outcomes may exist in the longer
term treatment of MDD.

Omega-3 PUFA and depression

Polymorphisms in the cytochrome P450 2D6 (CYP2D6)
gene are a major cause of pharmacokinetic variability in
humans, and sufficient evidence suggests ethnic differences
in metabolism of psychotropics between Asian and Western
populations [163,164]. However, omega-3 PUFA lacks this
unwanted pharmacokinetic issues influencing on develop-
ment of adverse events and thereby more universal and pre-
dictable treatment outcomes as well as favorable tolerability
across different ethnicities. Interestingly, cross-cultural pop-
ulation differences in fish intake and serum omega-3 PUFA
levels have been consistently reported even in same ethnic
group; according to a recent study, the percentage of total
serum fatty acids contributed by omega-3 PUFA was
approximately 3.5 times higher in rural Japanese than in Jap-
anese Americans [165]. When compared with Caucasian
Americans, such difference increased up to five times. In
fact, the average daily North American intake of EPA/
DHA has been approximately 130 mg, significantly short
compared to the recommended dose of 900 mg/d by the
American Heart Association [165166). In fact, mortality
from coronary heart disease is much lower in Japan than in
the United States. It has been well-known that population
differences in fish intake and serum omega-3 fatty acid levels
may contribute to the population difference in the risk of
coronary heart disease [165]. Similarly, it should be also inter-
esting whether or not the basal level of PUFAs may influence
on differential effects of omega-3 PUFA in the treatment of
MDD between Western and Asian population.

Omega-3 PUFA may be also promising in the treatment of
special populations with depression. We firstly reported a suc-
cessful treatment with omega-3 PUFA in a pregnant woman
with MDD [167]. Our subsequent 8-week, double-blind,
placebo-controlled study showed that monotherapy with
omega-3 PUFA was associated with significant improvement
of depressive symptoms and a higher response rate in preg-
nant women with depression [28]. Most importantly, omega-
3 PUFA are safe and well tolerated in depressed women
during pregnancy and postpartum periods [14,168,169]. How-
ever, the recent study failed to demonstrate a preventive effect
on depressive symptoms during pregnancy or postpartum [99];
hence, further well-designed, subsequent studies with a large
sample should be mandatory to draw definite conclusion on
this field.

In addition, omega-3 PUFA have been shown to be effec-
tive and safe for children with depression [93]. Further, sup-
plementation of omega-3 PUFA was also found to decrease
risks of suicidality [19,170,171], to improve depressive symp-
toms in MDD associated with the menopausal transition [22],
and to diminish aggression in women with borderline per-
sonality disorder [172]. The efficacy of omega-3 PUFA has
been also tested in Tourette’s disorder [173] and posttrau-
matic stress disorder [174], demonstrating a significant clini-
cal benefit and safety for such patients. These results mat
extend the role of omega-3 PUFA into a wider area of
psychiatric disorders.
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In conclusion, omega-3 PUFAs are neuro-protective, anti-
inflammatory and the agent has proven promising efficacy
for treatment of MDD. Omega-3 PUFA may be also benefi-
cial for children and pregnant women, as well as those patients
with comorbid cardiovascular diseases or metabolic disorders,
who may be at greater risks of adverse effects from antidepres-
sants, antipsychotics and mood stabilizers. The cost of omega-
3 PUFA is relatively modest as compared to many psychiatric
treatments and other over-the-counter natural products;
hence, such overall cost-benefit ratio may endorse the incor-
poration of omega-3 PUFA into psychiatric treatment
algorithms. Given the potential benefits and safety, omega-
3 PUFAs deserve greater attention and wider application.
However, the practical utility of omega-3 PUFA as one of
promising alternative agent for treatment of MDD still have

unresolved questions to be fully addressed in near future in
adequately powered, well-controlled clinical trials (i.e, sample
size, comparison issues in global benefits with other currently
available agents, proper dose, and more better treatment
option of omega-3 PUFA such monotherapy vs. augmenta-
tion). The premise of omega-3 PUFA appears prudent but
the actual promise of the agent as antidepressant should fully
depend on future studies.

Declaration of interest

This study was supported by a grant of the Korean Health
Technology R&D Project, Ministry of Health and Welfare,
Republic of Korea (A120004).

Bibliography

Papers of special note have been highlighted as 8. Pae CU, Patkar AA. Clinical issues in 16.  Torpy JM, Lynm C, Glass RM.

either of interest (o) or of considerable interest use of atypical antipsychotics for JAMA patient page. Eating fish: health

(e@) to readers. depressed patients. CNS Drugs benefits and risks. JAMA 2006;296:1926

1. Kessler RC, Berglund P, Demler O, 2013;27(Suppl 1):39-45 17.  Lin PY, Chiu CC, Huang SY, et al.
et al. The epidemiology of major 9. Han C, Park GY, Wang SM, et al. Can A meta-analytic review of
depressive disorder: results from the botulinum toxin improve mood in polyunsaturated fatty acid compositions
National Comorbidity Survey Replication depressed patients? Expert Rev Neurother in dementia. J Clin Psychiatry
(NCS-R). JAMA 2003;289:3095-105 2012;12:1049-51 2012; In Press

2. Murray CJ, Lopez AD. Evidence-based 10.  Han C, Pae CU. Oral scopolamine 18.  Chiu CC, Huang SY, Su KP, et al.
health policy-lessons from the Global augmentation for major depression. Polyunsaturated fatty acid deficit in
Burden of Disease Study. Science Expert Rev Neurother 2013;13:19-21 patients with bipolar mania.
1996;274:740-3 11.  Horrobin DF, Bennett CN. Depression Eur Neuropsychopharmacol

3. Murray CJL, Lopez AD. The global and bipolar disorder: relationships to 2003;13:99-103
burden of disease: a comprehensive impaired fatty acid and phospholipid 19.  Lewis MD, Hibbeln JR, Johnson JE,
assessment of mortality and disability metabolism and to diabetes, et al. Suicide deaths of active-duty US
form diseases, injuries and risk factors in cardiovascular disease, immunological military and omega-3 fatty-acid status:
1990 and projected to 2020. Global abnormalities, cancer, ageing and a case-control comparison.

Burden of Disease and Injury Series, osteoporosis. Possible candidate genes. J Clin Psychiatry 2011;72:1585-90
vol 1. Harvard School of Public Health; Prostaglandins Leukot Essent.Farty Acids 20.  Freeman MP, Hibbeln JR, Wisner KL,
Cambridge: 1996. 1999;60:217-34 et al. Omega-3 fatty acids: evidence basis

4. Pae CU, Wang SM, Lee SY, et al. Early 12.  Lands WE. Biochemistry and physiology for treatment and future research in
switch strategy in patients with major of n-3 fatty acids. FASEB ] psychiatry. J Clin Psychiatry
depressive disorder. Expert Rev Neurother 1992;6:2530-6 2006;67:1954-67
2012;12:1185-8 13.  Connor WE. Importance of n-3 fatty 21.  Lin PY, Huang SY, Su KP.

5. Wisniewski SR, Rush AJ, acids in health and disease. Am | A meta-analytic review of
Balasubramani GK, et al. Self-rated Clin Nutr 2000;71:171S-5S polyunsaturated fatty acid compositions
global measure of the frequency, 14.  Su KP. Mind-body interface: the role of in patients with depression.
intensity, and burden of side effects. n-3 farty acids in Biol Psychiatry 2010;68:140-7
J Psychiatr Pract 2006;12:71-9 psychoneuroimmunology, somatic 22.  Freeman MP, Hibbeln JR, Silver M,

6. Nelson JC, Papakostas GI. Atypical presentation, and medical illness et al. Omega-3 fatty acids for major
antipsychotic augmentation in major comorbidity of depression. Asia Pac ] depressive disorder associated with the
depressive disorder: a meta-analysis of Clin Nutr 2008;17(Suppl 1):151-7 menopausal transition: a preliminary
placebo-controlled randomized trials. 15.  Su KP. Biological mechanism of open trial. Menopause 2011;18:279-84
Am ] Psychiatry 2009;166(9):980-91 antidepressant effect of omega-3 fatty 23.  Lu DY, Tsao YY, Leung YM, et al.

7. Pae CU, Forbes A, Patkar AA.
Aripiprazole as adjunctive therapy for
patients with major depressive disorder:
overview and implications of clinical trial
data. CNS Drugs 2011;25:109-27

acids: how does fish oil act as a
’mind-body interface’? Neurosignals

2009;17:144-52

Docosahexaenoic acid suppresses
neuroinflammatory responses and induces
heme oxygenase-1 expression in
BV-2 microglia: implications of

antidepressant effects for omega-3 fatty

1528

Expert Opin. Investig. Drugs (2013) 22(12)

RIGHTS LI N Ky


www.ncbi.nlm.nih.gov/pubmed/12813115?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12813115?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12813115?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12813115?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8966556?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8966556?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8966556?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8966556?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23082734?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23082734?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23082734?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16728903?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16728903?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16728903?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19687129?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19687129?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19687129?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19687129?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21254788?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21254788?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21254788?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21254788?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23709360?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23709360?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23709360?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23039383?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23039383?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23039383?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23253388?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23253388?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10397403?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10397403?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10397403?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10397403?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10397403?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10397403?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10397403?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/1592205?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/1592205?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10617967?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10617967?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18296325?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18296325?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18296325?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18296325?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18296325?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19190401?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19190401?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19190401?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19190401?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17047221?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17047221?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22938939?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22938939?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22938939?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12650953?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12650953?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21903029?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21903029?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21903029?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17194275?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17194275?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17194275?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20452573?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20452573?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20452573?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21037490?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21037490?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21037490?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21037490?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20668435?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20668435?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20668435?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20668435?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20668435?dopt=Abstract
http://informahealthcare.com/journal/EID

Expert Opin. Investig. Drugs Downloaded from informahealthcare.com by Catholic University of Koreaon 11/14/13
For personal use only

24.

25.

26.

27.

28.

29.

30.

31.

32.

acids. Neuropsychopharmacology
2010;35:2238-48

Song C, Zhao S. Omega-3 fatty acid
eicosapentaenoic acid. A new treatment
for psychiatric and neurodegenerative
diseases: a review of clinical
investigations. Expert Opin

Investig Drugs 2007;16:1627-38

Lin PY, Su KP. A meta-analytic review
of double-blind, placebo-controlled trials
of antidepressant efficacy of

omega-3 fatty acids. J Clin Psychiatry
2007;68:1056-61

Su KP, Huang SY, Chiu CC, et al.
Omega-3 fatty acids in major depressive
disorder. A preliminary double-blind,
placebo-controlled trial.

Eur Neuropsychopharmacol
2003;13:267-71

Nemets B, Stahl Z, Belmaker RH.
Addition of omega-3 fatty acid to
maintenance medication treatment for
recurrent unipolar depressive disorder.
Am ] Psychiatry 2002;159:477-9

Su KP, Huang SY, Chiu TH, et al.
Omega-3 fatty acids for major depressive
disorder during pregnancy: results from a
randomized, double-blind,
placebo-controlled trial. J Clin Psychiatry
2008;69:644-51

The first placebo-controlled clinical
trial of omega-3 pUFA in pregnant
depressed woman as well as being the
first one of monotherapeutic use of
omega-3 OUFA for depression.

Bloch MH, Hannestad J. Omega-3 fatty
acids for the treatment of depression:
systematic review and meta-analysis.
Mol Psychiatry 2011;In press

A recent meta-analysis showing

negative effects of omega-3 PUFA.
Martins JG, Bentsen H, Puri BK.

Eicosapentaenoic acid appears to be the
key omega-3 fatty acid component
associated with efficacy in major
depressive disorder: a critique of Bloch
and Hannestad and updated
meta-analysis. Mol Psychiatry 2012

Lin PY, Mischoulon D, Freeman MP,

et al. A meta-analytic review of
double-blind, placebo-controlled trials of
antidepressant efficacy of omega-3 fatty
acids. Mol Psychiatry 2012;In press

A recent meta-analysis against the
results from Bloch and Hannestad’
meta-analysis.

Cipriani A, Geddes J. Comparison of

systematic and narrative reviews: the

33.

34.

35.

30.

37.

38.

39.

40.

41.

42.

example of the atypical antipsychotics.
Epidemiol Psichiatr Soc 2003;12:146-53
A good review showing a difference
between narrative and systematic

review for clinicians.

Carlezon WA Jr, Mague SD, Parow AM,
et al. Antidepressant-like effects of
uridine and omega-3 fatty acids are
potentiated by combined treatment in

rats. Biol Psychiatry 2005;57:343-50

Lakhwani L, Tongia SK, Pal VS, et al.
Omega-3 fatty acids have antidepressant
activity in forced swimming test in
Wistar rats. Acta Pol Pharm
2007;64:271-6

Huang SY, Yang HT, Chiu CC, et al.
Omega-3 fatty acids on the
forced-swimming test. ] Psychiatr Res

2008;42:58-63

Song C, Zhang XY, Manku M. Increased
phospholipase A2 activity and
inflammatory response but decreased
nerve growth factor expression in the
olfactory bulbectomized rat model of
depression: effects of chronic
ethyl-cicosapentaenoate treatment.

J Neurosci 2009;29:14-22

Delion S, Chalon S, Herault J, et al.
Chronic dietary alpha-linolenic acid
deficiency alters dopaminergic and

serotonergic neurotransmission in rats.

J Nutr 1994;124:2466-75

Chalon S, Vancassel S, Zimmer L, et al.
Polyunsaturated fatty acids and cerebral
function: focus on monoaminergic
neurotransmission. Lipids

2001;36:937-44

Berg KA, Maayani S, Clarke WP.
5-hydroxytryptamine2C receptor
activation inhibits
5-hydroxytryptaminelB-like receptor
function via arachidonic acid
metabolism. Mol Pharmacol

1996;50:1017-23

Farooqui AA, Hirashima Y,

Horrocks LA. Brain phospholipases and
their role in signal transduction. Adv Exp
Med Biol 1992;318:11-25

Chalon S, Delion-Vancassel S,

Belzung C, et al. Dietary fish oil affects
monoaminergic neurotransmission and
behavior in rats. J Nutr
1998;128:2512-19

Delion S, Chalon S, Guilloteau D, et al.
alpha-Linolenic acid dietary deficiency
alters age-related changes of

dopaminergic and serotoninergic

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

Omega-3 PUFA and depression

neurotransmission in the rat frontal
cortex. ] Neurochem 1996;66:1582-91

Maes M, Meltzer HYM. The serotonin
hypothesis of major depression. In:
Bloom FE, Kupfer DJ, editors.
Psychopharmacology, the fourth
generation of progress. Raven Press;

New York: 1995. p. 933-41

Hibbeln JR. Fish consumption and
major depression. Lancet 1998;351:1213

Nizzo MC, Tegos S, Gallamini A, et al.
Brain cortex phospholipids liposomes
effects on CSF HVA, 5-HIAA and on
prolactin and somatotropin secretion in

man. J Neural Transm 1978;43:93-102
Dantzer R, O’Connor JC, Freund GG,

et al. From inflammation to sickness and
depression: when the immune system

subjugates the brain. Nat Rev Neurosci

2008;9:46-56

Raison CL, Capuron L, Miller AH.
Cytokines sing the blues: inflammation
and the pathogenesis of depression.

Trends Immunol 2006;27:24-31
Felger JC, Alagbe O, Hu F, et al. Effects

of interferon-alpha on rhesus monkeys:
a nonhuman primate model of

cytokine-induced depression.
Biol Psychiatry 2007;62:1324-33

Lu DY, Leung YM, Su KP.
Interferon-alpha induces nitric oxide
synthase expression and haem
oxygenase-1 down-regulation in
microglia: implications of cellular
mechanism of IFN-alpha-induced
depression. Int ] Neuropsychopharmacol
2012;1-12

Kumai T, Tateishi T, Tanaka M, et al.
Effect of interferon-alpha on tyrosine

hydroxylase and catecholamine levels in
the brain of rats. Life Sci 2000;67:663-9

Su KP. Inflammation in psychopathology
of depression: clinical, biological, and
therapeutic implications. Biomedicine
2012;2:68-74

McNamara RK, Jandacek R, Rider T,

et al. Omega-3 fatty acid deficiency
increases constitutive pro-inflammatory
cytokine production in rats: relationship
with central serotonin turnover.
Prostaglandins Leukot Essent Fatty Acids
2010;83:185-91

Kiecolt-Glaser JK, Belury MA,

Andridge R, et al.

Omega-3 supplementation lowers
inflammation in healthy middle-aged and

older adults: a randomized controlled

Expert Opin. Investig. Drugs (2013) 22(12)

1529

RIGHTS LI N Ky


www.ncbi.nlm.nih.gov/pubmed/20668435?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17922626?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17922626?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17922626?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17922626?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17922626?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17685742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17685742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17685742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17685742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12888186?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12888186?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12888186?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11870016?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11870016?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11870016?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18370571?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18370571?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18370571?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18370571?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21931319?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21931319?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21931319?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22488258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22488258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22488258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22488258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22488258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22488258?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17685742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17685742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17685742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17685742?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14610849?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14610849?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14610849?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15705349?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15705349?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15705349?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15705349?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17695151?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17695151?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17695151?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17070845?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17070845?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19129380?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19129380?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19129380?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19129380?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19129380?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19129380?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19129380?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16856329?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16856329?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16856329?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11724466?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11724466?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11724466?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8863849?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8863849?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8863849?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8863849?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8863849?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/1636485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/1636485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9868201?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9868201?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9868201?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8627314?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8627314?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8627314?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8627314?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8627314?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9643729?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9643729?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/731234?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/731234?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/731234?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/731234?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18073775?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18073775?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18073775?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16316783?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16316783?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17678633?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17678633?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17678633?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17678633?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22717332?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22717332?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22717332?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22717332?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22717332?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22717332?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12659172?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12659172?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12659172?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20817496?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20817496?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20817496?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20817496?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22640930?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22640930?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22640930?dopt=Abstract
http://informahealthcare.com/journal/EID

Expert Opin. Investig. Drugs Downloaded from informahealthcare.com by Catholic University of Koreaon 11/14/13
For personal use only

K.-P. Su et al.

trial. Brain Behav Immun 64.  Rao JS, Ertley RN, Lee HJ, et al. downregulates cytosolic phospholipase
2012;26:988-95 n-3 polyunsaturated fatty acid A2 expression and cyclooxygenase activity
54, Duman RS, Malberg J, Thome J. Neural deprivation in rats decreases frontal in rat brain. Biol Psychiatry
plasticity to stress and antidepressant cortex BDNF via a 200456:248-54
treatment. Biol Psychiatry p38 MAPK-dependent mechanism. 75.  Su KP, Shen WW, Huang SY. Are
1999;46:1181-91 Mol Psychiatry 2007;12:36-46 omega3 fatty acids beneficial in
55.  Perera TD, Coplan JD, Lisanby SH, 65.  Wu A, Ying Z, Gomez-Pinilla F. Dietary depression but not mania?
et al. Antidepressant-induced omega-3 fatty acids normalize BDNF Arch Gen Psychiatry 2000;57:716-17
neurogenesis in the hippocampus of levels, reduce oxidative damage, and 76.  Mahadik SP, Mukherjee S,
adult nonhuman primates. ] Neurosci counteract learning disability after Horrobin DF, et al. Plasma membrane
2007;27:4894-901 traumatic brain injury in rats. phospholipid fatty acid composition of
56.  Santarelli L, Saxe M, Gross C, et al. J Neurotrauma 2004:21:1457-67 cultured skin fibroblasts from
Requirement of hippocampal 66.  Rapoport SI, Bosetti F. Do lithium and schizophrenic patients: comparison with
neurogenesis for the behavioral effects of anticonvulsants target the brain bipolar patients and normal subjects.
antidepressants. Science 2003;301:805-9 arachidonic acid cascade in bipolar Psychiatry Res 1996;63:133-42
57.  Frangou S, Lewis M, Wollard J, et al. disorder? Arch Gen Peychiatry 77.  Lee SY LS, Han C, Patkar AA, et al.
Preliminary in vivo evidence of increased 200259:592:6 Oxidative/nitrosative stress
N-acetyl-aspartate following 67.  Maes M, Christophe A, Delanghe J, and antidepressants: targets
cicosapentanoic acid treatment in patients et al. Lowered omega3 polyunsaturated for novel antidepressants.
with bipolar disorder. ] Psychopharmacol fatty acids in serum phospholipids and Prog Neuropsychopharmacol
2007;21:435-9 cholesteryl esters of depressed patients. Biol Psychiatry 2013;46:224-35
58.  Belz BS, Tlusty MF, Benton JL, et al. Peychiatry Res 1999:85:275-91 78. Mori TA, Woodman RJ, Burke V, et al.
Omega-3 fatty acids upregulate adult 68.  Maes M, Smith R, Christophe A, et al. Effect of eicosapentaenoic acid and
neurogenesis. Neurosci Lett Fatty acid composition in major docosahexaenoic acid on oxidative stress
2007;415:154-8 depression: decreased omega 3 fractions and inflammatory markers in
. in cholesteryl esters and increased C20: treated-hypertensive type 2 diabetic
5. DPH SG, _MIChael GJ, . 4 omega 6/C20:5 omega 3 ratio in subjects. Free Radic Biol Med
i\f‘j:iiet;ijaiz'd(e)cr:;ifif:z;;zls cholesteryl.esters and phospholipids. 2003;35:772-81
receptors and increase neurogenesis in J Affect Disord 1996;38:35-46 79.  Chen LY, Lawson DL, Mehra JL.
old ras. ] Neurosci Res 69.  Noponen M, Sanfilipo M, Samanich K, Reduction in human neutrophil
2010:88:2091-102 et al. Elevated PLA2 activity in superoxide anion generation by
. . . schizophrenics and other psychiatric n-3 polyunsaturated fatty acids: role of
60.  Kawaliua E, H;?shm.mto M, Shido O. patients. Biol Psychiatry 1993;34:641-9 cyclooxygenase products and
Docosahexacnoic acid promotes endothelium-derived relaxing factor.
neurogenesis in vitro and in vivo. 70. Su KP, Huang SY, Peng CY, et al. 5
Neuroscience 2006;139:991-7 Phospholipase A2 and cyclooxygenase Thromb Res 1994;76:317-22
) 2 genes influence the risk of 80.  von Schacky C, Baumann K, Angerer P.
61.  Blondeau N, Nguemeni C, . interferon-alpha-induced depression by The effect of n-3 fatty acids on coronary
Debru}.fne DN’ et. al- Subchronic regulating polyunsaturated fatty acids atherosclerosis: results from SCIMO, an
:)lrl: l::i:;::;; z:j :::l:;lt enbances levels. Biol Psychiatry 2010;67:550-7 angiographic study, background and
X . . . ..
antidepressant effect: a versatile potential 71. Chang MC, Contreras MA, implications. Lipids
therapy for stroke. Rosenberger TA, et al. Chronic valproate 2001;36(Suppl):599-102
Neuropsychopharmacology treatment decreases the in vivo turnover 81.  Hajianfar H, Paknahad Z, Bahonar A.
2009;34:2548-59 of arachidonic acid in brain The effect of omega-3 supplements on
phospholipids: a possible common effect antioxidant capacity in patients with
62. ;)/S;i i\:]};;cfe:: Zzzue D, A-lielz C’ﬂft al. of mood stabilizers. ] Neurochem type 2 diabetes. Int J Prevent Med
) pressaniiiee efiects 2001:77:796-803 2013;4:5234-8
in parallel to structural and molecular
changes in the hippocampus. 72.  Rintala ], Seemann R, 82.  Kesavulu MM, Kameswararao B,
Psychoneuroendocrinology Chandrasekaran K, et al. 85 kDa Apparao C, et al. Effect of omega-3 fatty
2009;34:199-211 cytosolic phospholipase A2 is a target for acids on lipid peroxidation and
63. Levant B, Ozias MK, Davis PF, ct al. chronic lithium in rat brain. Neuroreport antioxidant enzyme status in
Decreased brain docosahexaenoic acid 1999;10:3887-90 type 2 diabetic patients. Diabetes Metab
content produces neurobiological effects 73.  Chang MC, Jones CR. Chronic lithium 2002:28:20-6
associated with depression: interactions treatment decreases brain phospholipase 83.  Mori TA, Puddey IB, Burke V, et al.
with reproductive status in female rats. A2 activity. Neurochem Res Effect of omega 3 fatty acids on oxidative
Psychoneuroendocrinology 1998;23:887-92 stress in humans: GC-MS measurement
2008;33:1279-92 74.  Ghelardoni S, Tomita YA, Bell JM, et al. of urinary F2-isoprostane excretion.
Chronic carbamazepine selectively Redox Rep 2000;5:45-6
1530 Expert Opin. Investig. Drugs (2013) 22(12)

RIGHTS LI N Ky


www.ncbi.nlm.nih.gov/pubmed/22640930?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10560024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10560024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10560024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17475797?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17475797?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17475797?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12907793?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12907793?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12907793?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16891338?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16891338?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16891338?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16891338?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17240063?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17240063?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20336774?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20336774?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20336774?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20336774?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16527422?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16527422?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19641487?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19641487?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19641487?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19641487?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19641487?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18848400?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18848400?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18848400?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18707812?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18707812?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18707812?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18707812?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16983391?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16983391?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16983391?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16983391?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15672635?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15672635?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15672635?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15672635?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15672635?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12090811?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12090811?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12090811?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12090811?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10333380?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10333380?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10333380?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8735157?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8735157?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8735157?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8735157?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8735157?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8292693?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8292693?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8292693?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20034614?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20034614?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20034614?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20034614?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20034614?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11331408?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11331408?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11331408?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11331408?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11331408?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10716228?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10716228?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10716228?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9572678?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9572678?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9572678?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15312812?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15312812?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15312812?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15312812?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10891047?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10891047?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10891047?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8878309?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8878309?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8878309?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8878309?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8878309?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23022673?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23022673?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23022673?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14583341?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14583341?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14583341?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14583341?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14583341?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7871491?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7871491?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7871491?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7871491?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7871491?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11838000?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11838000?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11838000?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11838000?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23776730?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23776730?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23776730?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11938024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11938024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11938024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11938024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10905544?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10905544?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10905544?dopt=Abstract
http://informahealthcare.com/journal/EID

Expert Opin. Investig. Drugs Downloaded from informahealthcare.com by Catholic University of Koreaon 11/14/13
For personal use only

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Mori TA, Woodman R]J, Burke V, et al.
Effect of eicosapentaenoic acid and
docosahexaenoic acid on oxidative stress
and inflammatory markers in
treated-hypertensive type 2 diabetic
subjects. Free Radic Biol Med
2003;35(7):772-81

Meyer BJ, Grenyer BF, Crowe T, et al.
Improvement of major depression is
associated with increased erythrocyte
DHA. Lipids 2013;In press

Hibbeln JR, Linnoila M, Umhau JC,

et al. Essential fatty acids predict
metabolites of serotonin and dopamine
in cerebrospinal fluid among healthy
control subjects, and early- and late-onset
alcoholics. Biol Psychiatry
1998;44:235-42

Hibbeln JR, Nieminen LR, Blasbalg TL,
et al. Healthy intakes of n-3 and

n-6 fatty acids: estimations considering
worldwide diversity. Am J Clin Nutr
2006;83:1483S-93S

Kotwal S, Jun M, Sullivan D, et al.
Omega 3 Fatty acids and cardiovascular
outcomes: systematic review and
meta-analysis. Circ Cardiovasc

Qual Outcomes 2012;5:808-18

De Vriese SR, Christophe AB, Maes M.
Lowered serum n-3 polyunsaturated fatty
acid (PUFA) levels predict the occurrence
of postpartum depression: further
evidence that lowered n-PUFAs are
related to major depression. Life Sci

2003;73:3181-7
Green P, Hermesh H, Monselise A, et al.

Red cell membrane omega-3 fatty acids
are decreased in nondepressed patients
with social anxiety disorder.

Eur Neuropsychopharmacol
2006;16:107-13

Mischoulon D, Best-Popescu C,
Laposata M, et al. A double-blind dose-
finding pilot study of docosahexaenoic
acid (DHA) for major depressive
disorder. Eur Neuropsychopharmacol
2008;18:639-45

Mischoulon D, Papakostas GI,
Dording CM, et al. A double-blind,
randomized controlled trial of
ethyl-cicosapentaenoate for major
depressive disorder. ] Clin Psychiatry
2009;70:1636-44

Nemets H, Nemets B, Apter A, et al.
Omega-3 treatment of childhood
depression: a controlled, double-blind
pilot study. Am ] Psychiatry
2006;163:1098-100

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Peet M, Horrobin DF. A dose-ranging
study of the effects of
ethyl-cicosapentaenoate in patients with
ongoing depression despite apparently
adequate treatment with standard drugs.

Arch Gen Psychiatry 2002;59:913-19
Gertsik L, Poland RE, Bresee C, et al.

Omega-3 fatty acid augmentation of
citalopram treatment for patients with

major depressive disorder.
J Clin Psychopharmacol 2012;32:61-4

Jazayeri S, Tehrani-Doost M,

Keshavarz SA, et al. Comparison of
therapeutic effects of omega-3 fatty acid
eicosapentaenoic acid and fluoxetine,
separately and in combination, in major
depressive disorder. Aust NZ ] Psychiatry
2008;42:192-8

da Silva TM, Munhoz RP, Alvarez C,
et al. Depression in Parkinson’s disease:
a double-blind, randomized,
placebo-controlled pilot study of
omega-3 fatty-acid supplementation.

J Affect Disord 2008;111:351-9

Khajehnasiri F, Mortazavi SB, Allameh A,
et al. Effect of omega-3 and ascorbic acid

on inflammation markers in depressed shift

workers in Shahid Tondgoyan Oil
Refinery, Iran: a randomized double-blind
placebo-controlled study. J Clin

Biochem Nutr 2013;53:36-40

Mozurkewich EL, Clinton CM,
Chilimigras JL, et al. The Mothers,
Omega-3, and Mental Health Study:
a double-blind, randomized controlled
trial. Am ] Obstet Gynecol
2013;208:313, el-9

Freeman MP, Davis M, Sinha P, et al.
Omega-3 fatty acids and supportive
psychotherapy for perinatal depression:

a randomized placebo-controlled study.

J Affect Disord 2008;110:142-8

Lesperance F, Frasure-Smith N,
St-Andre E, et al. The efficacy of
omega-3 supplementation for major
depression: a randomized controlled trial.

J Clin Psychiatry 2011;72:1054-62
Lucas M, Asselin G, Merette C, et al.

Ethyl-eicosapentaenoic acid for the
treatment of psychological distress and
depressive symptoms in middle-aged
women: a double-blind,
placebo-controlled, randomized clinical
trial. Am J Clin Nutr 2009;89:641-51
Marangell LB, Martinez JM,

Zboyan HA, et al. A double-blind,
placebo-controlled study of the

omega-3 fatty acid docosahexaenoic acid

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Omega-3 PUFA and depression

in the treatment of major depression.

Am ] Psychiatry 2003;160:996-8

Rogers PJ, Appleton KM, Kessler D,

et al. No effect of n-3 long-chain
polyunsaturated fatty acid (EPA and
DHA) supplementation on depressed
mood and cognitive function:

a randomised controlled trial. Br J Nutr

2008;99:421-31
Bot M, Pouwer F, Assies J, et al.

Eicosapentaenoic acid as an add-on to
antidepressant medication for co-morbid
major depression in patients with
diabetes mellitus: a randomized,
double-blind placebo-controlled study.

] Affect Disord 2010;126:282-6

Carney RM, Freedland KE, Rubin EH,
et al. Omega-3 augmentation of
sertraline in treatment of depression in
patients with coronary heart disease:

a randomized controlled trial. JAMA
2009;302:1651-7

Grenyer BF, Crowe T, Meyer B, et al.
Fish oil supplementation in the treatment
of major depression: a randomised
double-blind placebo-controlled trial.
Prog Neuropsychopharmacol

Biol Psychiatry 2007;31:1393-6

Rees AM, Austin MP, Parker GB.
Omega-3 fatty acids as a treatment for
perinatal depression: randomized
double-blind placebo-controlled trial.
Aust NZ ] Psychiatry 2008;42:199-205

Sublette ME, Ellis SP, Geant AL, et al.
Meta-analysis of the effects of
eicosapentaenoic acid (EPA) in clinical

trials in depression. ] Clin Psychiatry 2011

Appleton KM, Hayward RC, Gunnell D,
et al. Effects of n-3 long-chain
polyunsaturated fatty acids on depressed

mood: systematic review of published

trials. Am ] Clin Nutr 2006;84:1308-16

Richardson AJ. n-3 Fatty acids and
mood: the devil is in the detail.
Br J Nutr 2008;99:221-3

Stoll AL, Severus WE, Freeman MP,

et al. Omega 3 fatty acids in bipolar
disorder: a preliminary double-blind,
placebo-controlled trial.

Arch Gen Psychiatry 1999;56:407-12
Chiu CC, Huang SY, Chen CC, et al.
Omega-3 fatty acids are more beneficial
in the depressive phase than in the manic
phase in patients with bipolar I disorder.
J Clin Psychiatry 2005;66:1613-14
Murphy BL, Stoll AL, Harris PQ, et al.

Omega-3 fatty acid treatment, with or

Expert Opin. Investig. Drugs (2013) 22(12)

1531

RIGHTS LI N Ky


www.ncbi.nlm.nih.gov/pubmed/14583341?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14583341?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14583341?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14583341?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14583341?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23733443?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23733443?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23733443?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9715354?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9715354?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9715354?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9715354?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9715354?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16841858?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16841858?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16841858?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23110790?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23110790?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23110790?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14561523?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14561523?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14561523?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14561523?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14561523?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16243493?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16243493?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16243493?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18539007?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18539007?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18539007?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18539007?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19709502?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19709502?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19709502?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19709502?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16741212?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16741212?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16741212?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12365878?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12365878?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12365878?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12365878?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12365878?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22198441?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22198441?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22198441?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18247193?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18247193?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18247193?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18247193?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18247193?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18485485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18485485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18485485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18485485?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23874068?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23874068?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23874068?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23874068?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23874068?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23531328?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23531328?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23531328?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23531328?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18206247?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18206247?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18206247?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20584525?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20584525?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20584525?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19116322?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19116322?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19116322?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19116322?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19116322?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19116322?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12727707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12727707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12727707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12727707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17956647?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17956647?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17956647?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17956647?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17956647?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20466431?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20466431?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20466431?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20466431?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20466431?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19843899?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19843899?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19843899?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19843899?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17659823?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17659823?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17659823?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18247194?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18247194?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18247194?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21939614?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21939614?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/21939614?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17158410?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17158410?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17158410?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17158410?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17919344?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17919344?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10232294?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10232294?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10232294?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16401167?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16401167?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16401167?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22926607?dopt=Abstract
http://informahealthcare.com/journal/EID

K.-P. Su et al.

without cytidine, fails to show
therapeutic properties in bipolar disorder:
a double-blind, randomized add-on
clinical trial. J Clin Psychopharmacol
2012;32:699-703

Bays HE. Safety considerations with
omega-3 fatty acid therapy. Am ] Cardiol
2007;99:35C-43C

Freeman MP. Omega-3 fatty acids and
perinatal depression: a review of the
literature and recommendations for
future research. Prostaglandins Leukot
Essent Fatty Acids 2006;75:291-7

Bays H. Clinical overview of Omacor:
a concentrated formulation of
omega-3 polyunsaturated fatty acids.
Am ] Cardiol 2006;98:71i-6i

Harris WS. Expert opinion: omega-3 fatty
acids and bleeding-cause for concern?

Am ] Cardiol 2007;99:44C-6C

Matsuo N. Studies on the toxicity of fish
oil. V. Toxicity of oxidized commercial
cod-liver oil. Tokushima J Exp Med
1961;8:96-100

Palozza P, Sgarlata E, Luberto C, et al.
n-3 fatty acids induce oxidative
modifications in human erythrocytes
depending on dose and duration of
dietary supplementation. Am ] Clin Nutr
1996;64:297-304

Stalenhoef AF, de Graaf ],

Wittekoek ME, et al. The effect of
concentrated n-3 fatty acids versus
gemfibrozil on plasma lipoproteins, low
density lipoprotein heterogeneity and
oxidizability in patients with
hypertriglyceridemia. Atherosclerosis

2000;153:129-38
Grundt H, Nilsen DW, Mansoor MA,

et al. Increased lipid peroxidation during
long-term intervention with high doses of
n-3 fatty acids (PUFAs) following an
acute myocardial infarction. Eur ]

Clin Nutr 2003;57:793-800

Turini ME, Crozier GL,
Donnet-Hughes A, et al. Short-term fish
oil supplementation improved innate
immunity, but increased ex vivo
oxidation of LDL in man-a pilot study.
Eur J Nutr 2001;40:56-65

Nair PP, Judd JT, Berlin E, et al.
Dietary fish oil-induced changes in the
distribution of alpha-tocopherol, retinol,
and beta-carotene in plasma, red blood
cells, and platelets: modulation by
vitamin E. Am ] Clin Nutr
1993;58:98-102

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

Valk EE, Hornstra G. Relationship
between vitamin E requirement and
polyunsaturated fatty acid intake in man:
a review. Int J Vitam Nutr Res

2000;70:31-42
Turley E, Wallace JM, Gilmore WS,

et al. Fish oil supplementation with and
without added vitamin E differentially
modulates plasma antioxidant

concentrations in healthy women. Lipids

1998;33:1163-7
Wander RC, Du SH, Ketchum SO,

et al. alpha-Tocopherol influences in vivo
indices of lipid peroxidation in
postmenopausal women given fish oil.

J Nutr 1996;126:643-52

Halvorsen B, Almendingen K,

Nenseter MS, et al. Effects of partially
hydrogenated fish oil, partially
hydrogenated soybean oil and butter on
the susceptibility of low density
lipoprotein to oxidative modification in

men. Eur J Clin Nutr 1996;50:364-70
Higdon JV, Du SH, Lee YS, et al.

Supplementation of postmenopausal
women with fish oil does not increase
overall oxidation of LDL ex vivo
compared to dietary oils rich in oleate
and linoleate. ] Lipid Res
2001;42:407-18

Higgins S, Carroll YL, McCarthy SN,
et al. Susceptibility of LDL to oxidative
modification in healthy volunteers
supplemented with low doses of

n-3 polyunsaturated fatty acids.
Br J Nutr 2001;85:23-31

Linseisen J, Hoffmann J, Lienhard S,
et al. Antioxidant status of surgical
patients receiving TPN with an
omega-3-fatty acid-containing lipid
emulsion supplemented with
alpha-tocopherol. Clin Nutr
2000;19:177-84

Rhodes LE, Shahbakhti H, Azurdia RM,
et al. Effect of eicosapentaenoic acid, an
omega-3 polyunsaturated fatty acid, on
UVR-related cancer risk in humans.

An assessment of early genotoxic
markers. Carcinogenesis 2003;24:919-25

Tholstrup T, Hellgren LI, Petersen M,
et al. A solid dietary fat containing fish
oil redistributes lipoprotein subclasses
without increasing oxidative stress in
men. ] Nutr 2004;134:1051-7
Calviello G, Palozza P, Franceschelli P,
et al. Low-dose cicosapentaenoic or
docosahexaenoic acid administration

modifies fatty acid composition and does

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

not affect susceptibility to oxidative stress
in rat erythrocytes and tissues. Lipids
1997;32:1075-83

Wheaton DH, Hoffman DR, Locke KG,
et al. Biological safety assessment of
docosahexaenoic acid supplementation in
a randomized clinical trial for X-linked
retinitis pigmentosa. Arch Ophthalmol
2003;121:1269-78

Barbosa DS, Cecchini R, El Kadri MZ,
et al. Decreased oxidative stress in
patients with ulcerative colitis
supplemented with fish oil omega-3 fatty
acids. Nutrition 2003;19:837-42

Jain S, Gaiha M, Bhattacharjee J, et al.
Effects of low-dose omega-3 fatty acid
substitution in type-2 diabetes mellitus
with special reference to oxidative
stress—a prospective preliminary study.

J Assoc Physicians India
2002;50:1028-33

Parinyasiri U, Ong-Ajyooth L,
Parichatikanond P, et al. Effect of fish oil
on oxidative stress, lipid profile and renal
function in IgA nephropathy. ] Med
Assoc Thai 2004;87:143-9

Vericel E, Calzada C, Chapuy P, et al.
The influence of low intake of n-3 fatty
acids on platelets in elderly people.

Atherosclerosis 1999;147:187-92

Abel S, De Kock M, Smuts CM, et al.
Dietary modulation of fatty acid profiles
and oxidative status of rat hepatocyte
nodules: effect of different n-6/n-3 fatty
acid ratios. Lipids 2004;39:963-76

Mohan IK, Das UN. Oxidant stress,
anti-oxidants and essential fatty acids in
systemic lupus erythematosus.
Prostaglandins Leukot.Essent.Fatty Acids
1997;56:193-8

Ramirez-Tortosa MC, Suarez A,

Gomez MC, et al. Effect of extra-virgin
olive oil and fish-oil supplementation on
plasma lipids and susceptibility of
low-density lipoprotein to oxidative
alteration in free-living spanish male
patients with peripheral vascular disease.
Clin Nutr 1999;18:167-74

Yavin E, Glozman S, Green P.
Docosahexaenoic acid accumulation in
the prenatal brain: prooxidant and
antioxidant features. ] Mol Neurosci

2001;16:229-35

Kinrys G. Hypomania associated with
omega3 fatty acids. Arch Gen Psychiatry
2000;57:715-16

115.
116.

[e0]

<

<

S 117.

—

c

[}

g

(=]

4

5 118.

>

‘D

o

2

5 119.

©°

©

ey

"]

O

2

= 120.

8>

%f 5

£8

8=

8]

Eg

e o

E L? 121.

(=

B

®

o

E

[a)]

%))

(o))

3

a

I=3 122.

i

>

=

c

S

o

5

o

L>Ij 123.
124.
1532

Expert Opin. Investig. Drugs (2013) 22(12)

RIGHTS LI N Ky


www.ncbi.nlm.nih.gov/pubmed/22926607?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22926607?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22926607?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22926607?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17368277?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17368277?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16930971?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16930971?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16930971?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16930971?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16919519?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16919519?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16919519?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17368278?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17368278?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14471325?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14471325?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14471325?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8780337?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8780337?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8780337?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8780337?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11058707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11058707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11058707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11058707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11058707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11058707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12792664?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12792664?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12792664?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12792664?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11518200?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11518200?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11518200?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11518200?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11518200?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8317397?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8317397?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8317397?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8317397?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8317397?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10804454?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10804454?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10804454?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10804454?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9930401?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9930401?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9930401?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9930401?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8598549?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8598549?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8598549?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8793417?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8793417?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8793417?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8793417?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8793417?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8793417?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11254753?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11254753?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11254753?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11254753?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11254753?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11227030?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11227030?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11227030?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11227030?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10895108?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10895108?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10895108?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10895108?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10895108?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12771037?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12771037?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12771037?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12771037?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12771037?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15113944?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15113944?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15113944?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15113944?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9358434?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9358434?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9358434?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9358434?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9358434?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12963609?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12963609?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12963609?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12963609?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14559317?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14559317?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14559317?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14559317?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12421024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12421024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12421024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12421024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12421024?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15061297?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15061297?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15061297?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10525140?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10525140?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15691018?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15691018?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15691018?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15691018?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9089797?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9089797?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9089797?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10451477?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10451477?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10451477?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10451477?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10451477?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10451477?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11478378?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11478378?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/11478378?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10891045?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/10891045?dopt=Abstract
http://informahealthcare.com/journal/EID

Expert Opin. Investig. Drugs Downloaded from informahealthcare.com by Catholic University of Koreaon 11/14/13
For personal use only

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

Philip NS, Carpenter LL, Tyrka AR,

et al. Augmentation of antidepressants
with atypical antipsychotics: a review of
the current literature. ] Psychiatr Pract

2008;14:34-44
Lin PY, Huang SY, Su KP.

A meta-analytic review of
polyunsaturated fatty acid compositions
in patients with depression.

Biol Psychiatry 2010;68:140-7

Papakostas GI. Evidence for S-adenosyl-
L-methionine (SAM-e) for the treatment
of major depressive disorder.

J Clin Psychiatry

2009;70(Suppl 5):18-22

Freeman MP. Complementary and
Alternative Medicine (CAM):
considerations for the treatment of major
depressive disorder. ] Clin Psychiatry
2009;70(Suppl 5):4-6

Lyoo IK, Yoon S, Kim TS, et al.

A randomized, double-blind placebo-
controlled trial of oral creatine
monohydrate augmentation for enhanced
response to a selective serotonin reuptake
inhibitor in women with major
depressive disorder. Am ] Psychiatry
2012;169:937-45

Pae CU, Sohi MS, Seo HJ, et al.
Quetiapine XR: current status for the
treatment of major depressive disorder.
Prog Neuropsychopharmacol

Biol Psychiatry 2010;34:1165-73

Weissman MM, Bland RC, Canino GJ,
et al. Cross-national epidemiology of
major depression and bipolar disorder.

JAMA 1996;276:293-9
Anderson GJ, Connor WE, Corliss JD.

Docosahexaenoic acid is the preferred
dietary n-3 fatty acid for the
development of the brain and retina.

Pediatr Res 1990;27:89-97

Makrides M, Crowther CA, Gibson RA,
et al. Docosahexaenoic acid and
post-partum depression - is there a link?

Asia Pac ] Clin Nutr 2003;12(Suppl):S37
Verlengia R, Gorjao R, Kanunfre CC,

et al. Comparative effects of
eicosapentaenoic acid and
docosahexaenoic acid on proliferation,
cytokine production, and pleiotropic
gene expression in Jurkat cells.

J Nutr Biochem 2004;15:657-65

Martins JG. EPA but not DHA appears
to be responsible for the efficacy of
omega-3 long chain polyunsaturated fatty

acid supplementation in depression:

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

evidence from a meta-analysis of
randomized controlled trials. ] Am
Coll Nutr 2009;28:525-42

Ross BM, Seguin ], Sieswerda LE.
Omega-3 fatty acids as treatments for
mental illness: which disorder and which

fatty acid? Lipids Health Dis 2007;6:21
Bares M, Novak T, Kopecek M, et al.

The early improvement of depressive
symptoms as a potential predictor of
response to antidepressants in depressive
patients who failed to respond to
previous antidepressant treatments.
Analysis of naturalistic data.

Eur Psychiatry 2012;27:522-7

Henkel V, Seemuller F, Obermeier M,
et al. Does early improvement triggered
by antidepressants predict response/
remission? Analysis of data from a
naturalistic study on a large sample of
inpatients with major depression.

J Affect Disord 2009;115:439-49
Papakostas GI, Perlis RH, Scalia M]J,

et al. A meta-analysis of early sustained
response rates between antidepressants
and placebo for the treatment of major
depressive disorder.

J Clin Psychopharmacol 2006;26:56-60
Tadic A, Helmreich I, Mergl R, et al.

Early improvement is a predictor of
treatment outcome in patients with mild
major, minor or subsyndromal
depression. ] Affect Disord
2010;120:86-93

Szegedi A, Muller M]J, Anghelescu I,

et al. Early improvement under
mirtazapine and paroxetine predicts later
stable response and remission with high
sensitivity in patients with major
depression. ] Clin Psychiatry
2003;64:413-20

Nierenberg AA, McLean NE, Alpert JE,
et al. Early nonresponse to fluoxetine as
a predictor of poor 8-week outcome.

Am ] Psychiatry 1995;152:1500-3
Shen H, He MM, Liu H, et al.

Comparative metabolic capabilities and
inhibitory profiles of CYP2D6.1,
CYP2D6.10, and CYP2D6.17.

Drug Metab Dispos 2007;35:1292-300
Chong SA, Tan CH, Khoo YM, et al.
Clinical evaluation and plasma clozapine
concentrations in Chinese patients with
schizophrenia. Ther Drug Monit
1997;19:219-23

Iso H, Sato S, Folsom AR, et al. Serum
fatty acids and fish intake in rural

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

Omega-3 PUFA and depression

Japanese, urban Japanese, Japanese
American and Caucasian American men.

Int ] Epidemiol 1989;18:374-81

Kris-Ethercon PM, Harris WS, Appel L],
et al. Omega-3 fatty acids and
cardiovascular disease: new
recommendations from the American
Heart Association. Arterioscler Thromb
Vasc Biol 2003;23:151-2

Chiu CC, Huang SY, Shen WW, et al.
Omega-3 fatty acids for depression in
pregnancy. Am ] Psychiatry
2003;160:385

Freeman MP, Sinha P. Tolerability of
omega-3 fatty acid supplements in

perinatal women. Prostaglandins Leukot
Essent Fatty Acids 2007;77:203-8

Kendall-Tackett K. Long-chain

omega-3 fatty acids and women’s mental
health in the perinatal period and
beyond. ] Midwifery Womens Health
2010;55:561-7

Hallahan B, Hibbeln JR, Davis JM, et al.
Omega-3 fatty acid supplementation in
patients with recurrent self-harm.
Single-centre double-blind randomised
controlled trial. Br J Psychiatry
2007;190:118-22

Mischoulon D. The impact of
omega-3 fatty acids on depressive
disorders and suicidality: can we
reconcile 2 studies with seemingly
contradictory results? J Clin Psychiatry
2011;72:1574-6

Zanarini MC, Frankenburg FR.
Omega-3 Fatty acid treatment of women
with borderline personality disorder:

a double-blind, placebo-controlled pilot
study. Am ] Psychiatry 2003;160:167-9

Gabbay V, Babb ]S, Klein RG, et al.
A double-blind, placebo-controlled trial
of omega-3 fatty acids in Tourette’s

disorder. Pediatrics 2012;129:€1493-500
Matsuoka Y, Nishi D, Yonemoto N,

et al. Tachikawa project for prevention of
posttraumatic stress disorder with
polyunsaturated fatty acid (TPOP): study
protocol for a randomized controlled
trial. BMC Psychiatry 2013;13:8

Silvers KM, Woolley CC, Hamilton FC,
et al. Randomised double-blind placebo-
controlled trial of fish oil in the
treatment of depression.

Prostaglandins Leukot Essent Fatty Acids
2005;72:211-18

Expert Opin. Investig. Drugs (2013) 22(12)

1533

RIGHTS LI N Ky


www.ncbi.nlm.nih.gov/pubmed/18212601?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18212601?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/18212601?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20452573?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20452573?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20452573?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19909689?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19909689?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19909689?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19909686?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19909686?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19909686?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19909686?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22864465?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22864465?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22864465?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22864465?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22864465?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22864465?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20307622?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20307622?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8656541?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8656541?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2136947?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2136947?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2136947?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15023646?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15023646?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15590269?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15590269?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15590269?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15590269?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15590269?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20439549?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20439549?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20439549?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20439549?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20439549?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20439549?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17877810?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17877810?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17877810?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22130176?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22130176?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22130176?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22130176?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22130176?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22130176?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19027961?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19027961?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19027961?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19027961?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19027961?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16415707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16415707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16415707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16415707?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19428118?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19428118?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19428118?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/19428118?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12716243?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12716243?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12716243?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12716243?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12716243?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7573590?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7573590?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17470523?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17470523?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17470523?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9108654?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9108654?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9108654?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2767851?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2767851?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2767851?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2767851?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12588750?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12588750?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12588750?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12588750?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12562593?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12562593?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17981449?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17981449?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17981449?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20974418?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20974418?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20974418?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/20974418?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17267927?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17267927?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17267927?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17267927?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22244020?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22244020?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22244020?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22244020?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22244020?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12505817?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12505817?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12505817?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12505817?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22585765?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22585765?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22585765?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23289548?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23289548?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23289548?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23289548?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/23289548?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15664306?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15664306?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15664306?dopt=Abstract
http://informahealthcare.com/journal/EID

Expert Opin. Investig. Drugs Downloaded from informahealthcare.com by Catholic University of Koreaon 11/14/13
For personal use only

K.-P. Su et al.

Affiliation

Kuan-Pin Su'?, Sheng-Min Wang3 &
Chi-Un Pac™* MD PhD

TAuthor for correspondence

!China Medical University, School of Medicine
& Graduate Institute of Neural and Cognitive
Sciences, Taichung, Taiwan

2China Medical University Hospital,
Department of Psychiatry and

Mind-Body Interface Laboratory (MBI-Lab),
Taichung, Taiwan

*The Catholic University of Korea College of
Medicine, Bucheon St. Mary’s Hospital,
Department of Psychiatry,

2 Sosa-Dong, Wonmi-Gu, Pucheon,
Kyounggi-Do 420-717, Republic of Korea
E-mail: pae@catholic.ac.kr

“Duke University Medical Center,
Department of Psychiatry and

Behavioral Sciences, 2218 Elder St,

Durham 27705, NC, USA

1534

Expert Opin. Investig. Drugs (2013) 22(12)

RIGHTS LI N Ky


mailto:pae@catholic.ac.kr
http://informahealthcare.com/journal/EID
https://www.researchgate.net/publication/257299812

	Abstract
	Background
	Literature selection
	Basic experimental rationale (action mechanism)
	Clinical evidence
	Efficacy
	Safety and tolerability

	Expert opinion
	Declaration of interest
	Bibliography

