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Abstract

The hypothesis that omega-3 fatty acids may play a role in preventing and treating depression is based on correla-
tive associations between fish consumption, omega-3 fatty acid intake and the prevalence of major depressive
disorder. Reduced omega-3 fatty acid erythrocyte levels have been found in individuals with depressive disorders.
These observational findings are unable to establish a causal relationship between omega-3 fatty acids and de-
pression. The results of randomized controlled trials of omega-3 fatty acids for depressive disorders are inconclu-
sive and also fail to prove causation. The therapeutic efficacy of omega-3 fatty acids appears to be moderate at
best but is more likely to be minimal or non-existent. Potential long-term adverse effects of omega-3 fatty acid
supplementation should be considered. Large-scale, well-controlled clinical trials are required to establish po-
tential anti-depressive effects of omega-3 fatty acids. Such studies need to consider baseline values of omega-3
fatty acids and symptom severity, the dosage and types of the fatty acids used, the duration of supplementation
and the concomitant use of medication. Conclusive evidence of the efficacy of omega-3 fatty acids in depression
is currently lacking. The recommendation of potentially ineffective therapies may have considerable opportunity
costs, with other possibly more useful treatments remaining unutilized.
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Depression, with its high rate of recurrence, is difficult to treat
(Malhi and Mann, 2018), and despite recent advances, the treat-
ments available for major depressive disorder remain less than sat-
isfactory. Pharmacological therapy and manual-based psychother-
apy, mainly cognitive behavioral therapy, have been shown to be

1. Introduction

Depression is highly prevalent worldwide and is common across
the entire lifespan (Kessler et al., 2007). Major depressive disor-
der is predicted to become the leading cause of burden of disease

globally by 2030 (Kessler et al., 2003; World Health Organiza-
tion, 2008). The 12-month prevalence of major depressive disorder
has been found to be 6.6%, and the lifetime prevalence is 16.2%
(Kessler et al., 2007). The disorder is highly debilitating, causing
considerable functional disability and reduced quality of life, with
severe limitation of psychosocial functioning in affected people
(Malhi and Mann, 2018).

effective in the treatment of depression, either administered alone
or in combination (Cuijpers et al., 2008; Cuijpers et al., 2009).
However, a degree of non-response to pharmacotherapy has been
estimated to pose a challenge in up to 60% of people with major
depressive disorder (Fava, 2003). The switching of antidepressant
medications is a commonly used approach in the therapy of de-
pression, although the effectiveness of this strategy in ameliorating
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symptoms is controversial (Bschor and Baethge, 2010). Approxi-
mately 30% of individuals treated for depression remain refractory
to multistep antidepressant therapies (Rush et al., 2006a; Rush et
al., 2006b). Furthermore, the long-term effectiveness of pharma-
cotherapy and psychotherapy and their capacity to avert disease
burden remains a matter of debate (Casacalenda et al., 2002). The
need for the development of further medications for the treatment
of depression has repeatedly been emphasized (Insel, 2015; Miller,
2010), as has the need for novel approaches to the prevention and
therapy of depression.

Nutrition and diet quality have been shown not only to play an
important role in the promotion of metabolic health (Bennett et
al., 2015), but also to be involved in mental health and to be fac-
tors able to modify mental disorders (Lange, 2018, 2020a, 2020b;
Marx et al., 2017). For example, the risk of depression has been
reported to be inversely associated with the Mediterranean diet,
which comprises limited quantities of processed foods and large
amounts of vegetables, fruit, nuts, seeds, wholegrains and fish (Lai
et al., 2014; Opie et al., 2015; Psaltopoulou et al., 2013). In con-
trast, Western diets with their high content of high-sugar, high-fat
and processed foods have been found to be positively correlated
with depression (Lai et al., 2014). Several systematic reviews and
meta-analyses have confirmed the association between diet, nutri-
tion and depression in adults (Lai et al., 2014; Psaltopoulou et al.,
2013). Food bioactives, such as omega-3 polyunsaturated fatty ac-
ids, L-theanine, epigallocatechine gallate and probiotics, have also
been associated with depression risk (Lange, 2020c; Lange et al.,
2020; Lange et al., 2021). These findings have led to the investiga-
tion of nutritional supplementation as monotherapy or adjunctive
therapy in depression (Lim et al., 2016).

2. Rationale for the use of omega-3 fatty acids in depression

The relevance of lipids in brain function is highlighted by the fact
that, with the exception of adipose tissue, the brain contains the
highest lipid concentration in the body of mammals, with lipids
accounting for 50-60% of the brain’s dry weight (Sastry, 1985).

Omega-3 fatty acids exert both long-term and short-term ac-
tions in the central nervous system. Their long-term effects include
an influence on the production, maintenance and function of brain
structures. The short-term effects of omega-3 fatty acids concern
the physiology of neuronal signal transduction (Bazinet and Layé¢,
2014). In particular, docosahexaenoic acid (DHA) and eicosapen-
taenoic acid (EPA) have been linked to the maintenance of mental
health. Dietary deficiencies of these fatty acids have been implicat-
ed in the pathophysiology and increased risk of a range of mental
disorders, including unipolar depression, bipolar disorder, schizo-
phrenia, dementia, autism and attention-deficit/hyperactivity dis-
order (Lange, 2020a, 2020b). The findings of animal experiments
suggest that omega-3 fatty acids may affect several of the neuro-
biological mediators believed to be involved in the pathophysiol-
ogy of major depressive disorder (Miiller et al., 2015). Lipids are
involved in the function of neuronal membranes as a barrier and
a medium for neurotransmitter signaling. Changes in membrane
lipids might contribute to the pathophysiology of depression and
could therefore become targets of lipid-based treatments (Miiller
etal., 2015).

The rationale underlying the emerging concept of the use of
omega-3 fatty acids in preventing and treating depression (Ross,
2016) is premised on several lines of observational evidence, in-
cluding a correlational relationship between the consumption of
fish and a low prevalence of major depressive disorder. An often

cited study in this context reported that a low annual intake of fish
was associated with a relatively high rate of major depression in
countries such as Canada, France, Germany and New Zealand,
while high fish intake in Japan, Korea and Taiwan was associated
with a particularly low prevalence of depression (Hibbeln, 1998).
These findings are commonly interpreted as suggestive of preven-
tive effects of fish consumption on depression. However, the re-
port cautioned against overhasty conclusions. It stated explicitly
that fish consumption has not been demonstrated to cause differ-
ences in the prevalence of depression and that a range of influ-
ences, such as economic, social, cultural and other unknown fac-
tors, may be confounders of this simple correlational relationship
(Hibbeln, 1998).

A systematic review and meta-analysis of findings conducted on
the basis of 31 observational studies (with a total of 255,076 par-
ticipants and more than 20,000 people with depression) evaluated
the association between depression, fish consumption and dietary
omega-3 fatty acid intake (Grosso et al., 2016). The analysis found
a significantly reduced risk of depression associated with fish con-
sumption, with a linear dose-response (Grosso et al., 2016). An-
other systematic review and meta-analysis of the findings of 10
prospective cohort studies (comprising a total of 109,764 partici-
pants and 6,672 people with depression) reported a modest inverse
association between fish consumption or omega-3 fatty acid in-
take and the risk of depression, especially in females (Yang et al.,
2018). The correlation found between fish consumption and major
depression accords with clinical findings demonstrating that high-
er DHA levels in erythrocyte membranes (Edwards et al., 1998a)
and higher plasma ratios of EPA to arachidonic acid (Adams et al.,
1996) predict less severe symptoms of depression. As indicated
above, these findings do not necessarily imply a causal relation-
ship between fish consumption and the prevalence of major de-
pression, or point to a therapeutic effect of the intake of fish or fish
oil supplements in the therapy of depression. Inverse associations
between omega-3 fatty acid intake and depressive symptoms have
also been demonstrated in other studies (Silvers and Scott, 2002;
Tanskanen et al., 2001). Furthermore, lower omega-3 fatty acid
levels have been found in people diagnosed with major depressive
disorder in comparison with controls (Edwards et al., 1998b; Peet
et al., 1998). Continuous relationships between omega-3 fatty acid
status and symptoms of depression have also been observed (Ed-
wards et al., 1998b). In addition, individuals diagnosed with de-
pression have been shown to have significantly reduced omega-3
fatty acid levels and an elevated ratio of omegy-6 to omega-3 poly-
unsaturated fatty acid levels in both blood and brain (McNamara
and Liu, 2011; Parletta et al., 2016).

In contrast, a number of cross-sectional studies showed either no
associations between depressive symptoms and the intake of ome-
ga-3 fatty acids (Hakkarainen et al., 2004; Miyake et al., 2006), or
some associations, which were explained entirely by confounding
variables (Appleton et al., 2007). Several other studies also failed
to establish relationships between omega-3 fatty acid concentra-
tions and symptoms of depression (Appleton et al., 2008; Browne
et al., 2006; Mamalakis et al., 2004).

In summary, the observational or epidemiological evidence re-
garding the role of omega-3 fatty acids in major depressive disor-
der is ambiguous. Moreover, the observational studies suggesting
a link between depression and omega-3 fatty acids may be subject
to confounding and selection bias, since unmeasured or unmeas-
urable factors may have affected the associations found (Sackett,
1979). The health effects of foods, as suggested by epidemiological
studies, may be influenced by numerous other known or unknown
lifestyle factors. For example, elderly people in France consuming
fish regularly (at least weekly) showed fewer depressive symptoms
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and higher scores in the Mini Mental Status Examination than peo-
ple in a control group; however, the experimental group was also
better educated and higher earning (Barberger-Gateau et al., 2005).
Thus, observational studies cannot establish causal relationships
between intervention and outcome. Randomized controlled trials
are needed to elucidate causality.

3. Animal studies

Animal studies have provided consistent evidence supporting a
link between reduced brain levels of DHA and altered performance
in behavioral and cognitive tasks (Hauser et al., 2018; Lange et al.,
2018; Lange, 2020c; Ruhland et al., 2020). In particular, preclini-
cal experiments have demonstrated that a diet deficient in omega-3
fatty acids induces depressive-like and abnormal social behavior
in rodents (Bondi et al., 2014; Lafourcade et al., 2011; Larrieu et
al., 2014; Larrieu et al., 2016). For example, mice reared on an
omega-3 fatty acid-deficient diet had reduced concentrations of
polyunsaturated fatty acids such as DHA and increased levels of
omega-6 fatty acids in the brain and displayed a range of depres-
sive symptoms in behavioral tests. The deficient animals were less
inclined to explore and gave up more easily in a forced swimming
task (Lafourcade et al., 2011). Rats subjected to an omega-3 fatty
acid deficiency in the 15 weeks following weaning were found
to exhibit higher depression-like symptoms in a forced swimming
test (DeMar et al., 2006). Studies in rat models have also shown
that omega-3 fatty acids could prevent and reduce depression-like
behaviors (Carlezon et al., 2005; Huang et al., 2008; Lakhwani
et al., 2007; Song et al., 2009). Further investigations are needed
to determine whether dietary omega-3 fatty acid deficiency is re-
sponsible for depression-like behaviors in rodents (Krishnan and
Nestler, 2008).

The findings of animal studies have also provided clues as to
the biological mechanisms mediating the effects of omega-3 fatty
acids. DHA appears to act on the brain through a direct effect on
free fatty acid receptors or other indirect mechanisms. Indirect
mechanisms relevant to the modulation of mood-related behav-
iors include effects of omega-3 fatty acids on the endocannabinoid
system, the hypothalamic-pituitary-adrenal axis, neuroinflamma-
tory pathways and neuronal plasticity in the hippocampus (Lar-
rieu and Layé, 2018). However, it should be borne in mind that
the commonly used animal models of major depressive disorder
have substantial shortcomings, particularly in regard to depression
subtypes, therapy-resistant depression and recurrent depression
(Planchez et al., 2019).

4. Clinical trials

A number of randomized controlled trials have shown beneficial
effects of omega-3 fatty acid administration compared to placebo
in both major depressive disorder (Nemets et al., 2002; Su et al.,
2003) and other depressive conditions (Frangou et al., 2006; Stoll
et al., 1999). Several other randomized controlled trials observed
no benefit of omega-3 fatty acid supplementation in people with
major depressive disorder (Grenyer et al., 2007; Silvers et al.,
2005) or other depressive disorders (Keck et al., 2006; Rogers et
al., 2008) when compared with placebo.

Systematic reviews and meta-analyses have found significant
variability between studies (Appleton et al., 2006; Appleton et al.,
2008; Appleton et al., 2010; Lin and Su, 2007). Some meta-anal-
yses showed positive effects of omega-3 fatty acids for depres-

sive disorders (Appleton et al., 2010; Lin and Su, 2007), but these
effects were dependent on the severity of depressive symptoms
at baseline (Appleton et al., 2010), with people suffering severe
depressive symptoms showing some positive effects, while no
benefits were reported in individuals with mild symptoms (Ap-
pleton et al., 2010). A Cochrane review summarized the results
of randomized controlled trials examining the effects of omega-3
fatty acids on major depressive disorder in adults (Appleton et al.,
2016). Twenty-five trials (with a total of 1,373 participants) inves-
tigating omega-3 fatty acid effects versus placebo showed small-
to-moderate benefits for depressive symptoms (Appleton et al.,
2016). However, the quality of evidence provided was considered
very low and biased, and the effects were judged to be without
clinical relevance (Appleton et al., 2016). The Cochrane review
concluded that the available evidence was insufficient to allow a
determination on whether or not omega-3 fatty acids are effective
in the therapy of major depressive disorder. One study included in
this review, with a small sample of 40 participants, found no dif-
ferences between omega-3 fatty acids and antidepressant medica-
tions in regard to depressive symptomatology or rates of response
to treatment (Jazayeri et al., 2008). A more recent meta-analysis
of 26 double-blind randomized placebo-controlled trials including
2,160 participants found an overall beneficial effect of omega-3
fatty acids on depressive symptoms (Liao et al., 2019). However,
the effect sizes were small to modest, and substantial evidence of
heterogeneity between studies was detected (Liao et al., 2019).

A further meta-analysis addressed several shortcomings of oth-
er analyses. It included only studies with depression as the primary
indication and adjusted for publication bias using the trim-and-
fill method (Bloch and Hannestad, 2012). This study found that
omega-3 fatty acid supplementation produced small and insignifi-
cant effects on depression, with significant heterogeneity between
studies. Following correction for publication bias, most effects of
omega-3 fatty acids were eradicated and the results became insig-
nificant. Greater efficacy of omega-3 fatty acids was associated
with higher depression severity at baseline as well as shorter dura-
tion and lower quality of trials (Bloch and Hannestad, 2012). An-
other important methodological issue was the insufficient blind-
ing (due to the fishy aftertaste of the preparations used) of early
studies assessing the effects of omega-3 fatty acids (Sontrop and
Campbell, 2006). These lower-quality studies may have increased
the effect sizes of their results rather than the efficacy of omega-3
supplementation.

DHA and EPA may have different effects in depression as a re-
sult of their different roles in anti-inflammatory activity and in the
maintenance of the fluidity and integrity of membranes (Deacon et
al., 2017). The therapeutic efficacy of omega-3 fatty acid supple-
mentation may therefore be influenced by the dosage and propor-
tion of EPA and DHA. Several meta-analyses have addressed the
issue of possible differences between different types of omega-3
fatty acids. In these studies, omega-3 fatty acid supplementation
using formulations containing mainly EPA were found to show
significantly greater efficacy than those with higher DHA content
(Grosso et al., 2014; Hallahan et al., 2016; Liao et al., 2019; Sub-
lette et al., 2011).

A review of a total of 40 studies, including 31 randomized pla-
cebo-controlled trials, observed the effects of omega-3 fatty acids
as add-on to antidepressant pharmacotherapy in major depressive
disorder or ongoing depression (Sarris et al., 2016). The review
found that adjunctive administration of omega-3 fatty acids de-
creased symptoms of depression compared to placebo (Sarris et
al., 2016).

Postpartum depression is a major mood disorder (Mann et al.,
2010) whose risk seems to be associated with neuroinflammation
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(Simpson et al., 2016) and decreased serotonergic neurotransmis-
sion (Jans et al., 2007). Risk factors of postpartum depression in-
clude inadequate intake or depletion of food bioactives, including
omega-3 fatty acids, during pregnancy and lactation (Golding et
al., 2009; Rees et al., 2009; Sontrop et al., 2008). A review of avail-
able studies found that supplementation of EPA-rich oil decreased
some of the symptoms of depression during pregnancy and follow-
ing childbirth (Hsu et al., 2018). Long-term supplementation of
DHA-rich oils was shown to reduce the risk of postpartum depres-
sion in healthy pregnant women, but not in lactating women (Hsu
et al., 2018).

Several studies have examined the effects of omega-3 fatty
acids on depressed mood in elderly people. A systematic review
including nine studies assessing the efficacy of the administra-
tion of omega-3 polyunsaturated fatty acids in individuals aged
60 years or older reported no significant overall effects in improv-
ing depressive symptoms (Bai et al., 2018). However, trials using
omega-3 fatty acid dosages greater than 1.5 g/day showed a statis-
tically significant symptom reduction (Bai et al., 2018). A system-
atic review and meta-analysis including six randomized controlled
trials comprising 4,605 participants indicated no significant effects
of omega-3 fatty acid administration on depressed mood in elderly
people with good mental health, while a large effect was revealed
in older individuals with depression (Bae and Kim, 2018). How-
ever, beneficial effects were significant only for people with mild-
to-moderate depression (Bae and Kim, 2018).

In children and adolescents diagnosed with depression, the few
randomized controlled trials on omega-3 fatty acids that have been
conducted included small sample sizes. In the largest study con-
ducted, including 72 young people aged 7 to 14 years with depres-
sive disorders, treatment with omega-3 fatty acids for 12 weeks
showed a small-to-medium effect in comparison with placebo
control (Fristad et al., 2019). In contrast, no beneficial effects of
a 10-week administration of omega-3 polyunsaturated fatty acids
were observed in a randomized controlled trial comprising 51 ado-
lescents with major depressive disorder (Gabbay et al., 2018). The
evidence base for omega-3 fatty acid supplementation in pediatric
depression is therefore insufficient.

In summary, the findings of the meta-analyses of randomized
controlled trials of omega-3 fatty acids for depressive disorders
are inconclusive. Major problems of the available trials include
methodological shortcomings, different outcome measures and
significant heterogeneity between the studies regarding sample
populations, type of treatment (monotherapy or add-on therapy) as
well as dosage, duration and ratio of EPA and DHA supplementa-
tion (Nasir and Bloch, 2019).

5. Adverse effects of omega-3 fatty acid supplementation

As food supplements, omega-3 fatty acids are not required to con-
form to the criteria of efficacy and safety set by authorities con-
trolling or regulating the use of medications. In view of the in-
creasing interest in omega-3 fatty supplementation, the question of
potential adverse effects must be addressed. Common side effects
of omega-3 fatty acid administration using fish oil preparations
include fishy belching, flatulence, diarrhea and mild nausea (Me-
hta, 2004; Sydenham et al., 2012). Some studies have reported that
high doses of omega-3 fatty acids (>3 g daily) may increase the
risk of bleeding, prolong bleeding time or cause bleeding gums,
epistaxis and even hemorrhagic stroke (Clarke et al., 1990; Clarke
et al., 2005; Emsley et al., 2002; Emsley et al., 2006; McEwen
et al., 2013; Pascoe et al., 2014). In general, good tolerability of

omega-3 fatty acids can be assumed.

However, clinical trials reporting similar rates of side effects of
omega-3 fatty acids in comparison with placebo were of short du-
ration only. The prolonged administration of omega-3 fatty acids
at supra-physiological doses may be associated with late adverse
effects, which elude detection during the trial duration (Lange et
al., 2019). Potentially serious adverse events following the sup-
plementation of other natural nutrients have been reported. For
example, supplementation of vitamin E has shown a trend towards
an increase in risk of prostate cancer (Klein et al., 2011), while
selenium intake increased the risk of diabetes (Dunn et al., 2010).

Omega-3 polyunsaturated fatty acids are highly prone to oxida-
tive degradation. Fish oil supplements therefore contain antioxi-
dants as well as oxidation products of omega-3 fatty acids, both
of which could be associated with adverse effects. Antioxidants
added to fish oils can reduce but not completely prevent oxidation
(Zuta et al., 2007). Concerns regarding the safety of oxidized fish
oil were raised as early as the 1950s (Kaneda and Ishii, 1953; Mat-
suo, 1954). Animal studies have shown that oxidized lipid prod-
ucts can be harmful (Esterbauer, 1993). A substantial proportion
of commercially available fish oil preparations have been reported
to be oxidized (Fantoni et al., 1996; Fierens and Corthout, 2007,
Halvorsen and Blomhoff, 2011; Kolanowski, 2010; Opperman
and Benade, 2013), with total oxidation and levels of peroxide
(reflecting primary oxidation) and anisidine (secondary oxidation
product) significantly exceeding the internationally recommended
values (Albert et al., 2015; Bannenberg et al., 2017; Jackowski et
al., 2015). The omega-3 fatty acid supplements administered in
clinical trials could therefore have been partially oxidized, pos-
sibly confounding the results of these studies. Furthermore, the
potential of the supplements to cause harm in humans remains
unknown, since “information on the level of oxidation of fish oil
..... and related toxicological effects in humans is lacking” (EFSA
Panel on Biological Hazards, 2010). The effects of oxidized oils on
human health therefore require investigation.

Vitamin E (tocopherols and tocotrienols) is the antioxidant
commonly added to fish oil supplements. Possible adverse effects
of the long-term administration of vitamin E should be considered,
since large-scale trials of a-tocopherol (dominant active ingredient
of vitamin E) supplementation have suggested a link to increased
rates of prostate carcinoma (Yang et al., 2012). In addition, the
findings of a large prospective study suggest that DHA may in-
crease the risk of high-grade prostate cancer (Brasky et al., 2011).
An elevated risk of high-grade and low-grade prostate cancer in
men with high blood levels of omega-3 fatty acids (EPA, DHA
and eicosapentaenoic acid) was found in a large, prospective case-
cohort study (Brasky et al., 2013). A case-control study reported
a slightly elevated prostate cancer risk in the highest compared
to the lowest quintile of plasma EPA and DPA levels (Crowe et
al., 2014). Furthermore, a recent systematic review and meta-anal-
ysis comprising 47 randomized controlled trials (with a total of
108,194 participants) found that the intake of omega-3 fatty acids
may slightly increase prostate cancer risk (Hanson et al., 2020).
The findings above have shown an association between plasma
phospholipid omega-3 fatty acids and risk of prostate carcinoma.
While causation has not been demonstrated, the consistency of the
findings suggests a potential role of omega-3 fatty acids in prostate
tumorigenesis.

The mechanisms involved in a link between vitamin E and pros-
tate cancer remain speculative. Genetic variation may determine
the potential role of a-tocopherol in carcinogenesis. The COMT
gene encodes the production of catechol-O-methyltransferase,
which is involved in the processing of vitamin E. Variations in the
gene have been found to influence the effects of a-tocopherol on
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cancer incidence (Hall et al., 2019). Furthermore, testosterone has
been implicated in the etiology of prostate carcinoma (Taylor et
al., 2010). Following supplementation with fish oil, young men
have been shown to have larger testicle size and an elevated free
testosterone to LH ratio in comparison with their unsupplemented
counterparts (Jensen et al., 2020). A recent pooled prospective
analysis suggests that low free testosterone levels are associated
with a reduced risk of prostate cancer, suggesting that circulating
free testosterone may play a role in cancer risk. Further research is
required to assess whether this association is causal and to clarify
the importance of high testosterone levels (Watts et al., 2018).

In summary, oil contained in omega-3 fatty acid supplements
may also contain unspecified concentrations of potentially toxic
oxidation products, the health consequences of which remain un-
clear. Harmful effects of oxidized lipid products have been found
in preclinical studies. Caution is therefore needed when omega-3
polyunsaturated fatty acids are administered at high doses over
extended periods of time, especially during prenatal development
and childhood. Potential long-term adverse effects of vitamin E
added as an antioxidant should also be considered.

6. Future directions

Epidemiological and other observational studies are unable to pro-
vide definitive evidence of the efficacy of omega-3 fatty acids in
depression, since potential confounding by lifestyle (e.g. dietary
habits, physical activity, smoking and alcohol intake), socioeco-
nomic and cultural factors cannot be excluded. Therefore, no con-
clusions regarding cause and effect can be drawn from cross-sec-
tional studies. Prospective randomized controlled trials are needed
to confirm a causal relation between omega-3 fatty acid intake and
depressive symptoms (see Table 1).

While the available results of clinical trials have been interpret-
ed as support for the potential of omega-3 fatty acids in the treat-
ment of depression, several cautionary notes need to be consid-
ered. The trials included in the meta-analyses examining omega-3
fatty acids and depression vary markedly in regard to participants,
diagnostic criteria, intervention type, dosage, duration, baseline
omega-3 status and outcome measures. These variations may con-
tribute substantially to the heterogeneity of studies, which limits
the validity of the pooled results. The short trial duration of several
weeks or months provides no information on the long-term effects
of omega-3 fatty acid supplementation on depression. The sam-
ple sizes of many of the randomized controlled trials were small,
potentially leading to an overestimation of treatment effects and
publication bias (Niiesch et al., 2010; Sterne et al., 2000).

Various clinical factors need to be taken into account when in-
vestigating omega-3 fatty acids and depression. For example, in
view of differences in diagnostic methods, the comparison of the
available studies in humans is problematic. While many studies
relied on self-reporting of participants, others used more reliable
semi-structured assessment tools or a clinical diagnosis made by
specialists. Many studies on depression are confined to either com-
munity samples or clinical/medical samples, and their respective
findings may not be generalizable to entire populations. The age of
the individuals included in such studies is also important. Further-
more, the respective effects of omega-3 fatty acids on depressive
symptoms in individuals with mild, moderate and severe degrees
of major depressive disorder should be considered. In addition, a
variety of biological, social, environmental and cultural factors
may be involved in the etiology of depression (Malhi and Mann,
2018). Depression is therefore likely to be a pathogenetically,

physiologically and clinically heterogeneous condition. In conse-
quence, not every individual with depression has an omega-3 defi-
ciency, and the efficacy of omega-3 fatty acids may be confined to
subgroups yet to be identified. Another consideration concerns the
impact of depression on lifestyle. An improved lifestyle structure
in the context of adherence to a clinical trial could have beneficial
effects. Moreover, omega-3 fatty acid supplementation may pro-
duce positive effects on general wellbeing and health, since poly-
unsaturated fatty acids may be beneficial for cardiovascular health
and metabolic problems (Carpentier et al., 2006; Sudheendran et
al., 2010). In addition, many participants included in the omega-3
fatty acid trials may have had comorbid conditions, potentially af-
fecting their response to supplementation.

The impact of different types of omega-3 fatty acids on depres-
sive symptoms requires further studies, since the omega-3 fatty
acid composition of the fish oils used differed between studies.
EPA rather than DHA has been suggested to mediate the benefi-
cial effects of omega-3 fatty acids in major depressive disorders
(Grosso et al., 2014; Hallahan et al., 2016; Martins, 2009; Martins
et al., 2012). Future trials could therefore focus on supplementa-
tion with EPA alone or a combination of omega-3 fatty acids with
a predominance of EPA. Furthermore, the oxidative status of the
fish oils used needs to be assessed and reported (Albert et al., 2015;
Bannenberg et al., 2017; Jackowski et al., 2015).

The omega-3 fatty acid dosage needed to elicit beneficial ef-
fects on depression may depend on baseline levels. One may spec-
ulate that individuals with low omega-3 fatty acid status are more
responsive to supplementation (Carney et al., 2016; Messamore
and McNamara, 2016), while a threshold may exist, above which
omega-3 fatty acids show no effect. However, one study has found
that high blood baseline levels of EPA and DHA in people with de-
pression predict favorable outcomes following omega-3 fatty acid
supplementation (Carney et al., 2016). Higher baseline omega-3
blood concentrations may assist in reaching the necessary thera-
peutic level within the short duration of a clinical trial.

A further important issue in research is the choice of outcome
measures. Most clinical trials assessing medications in people with
depression use rating scales, such as the Hamilton Depression Rat-
ing Scale (Hamilton, 1960). However, a statistically significant
effect on the scores of such scales does not necessarily indicate
an improvement in the symptoms or wellbeing of the individual
assessed. Small though statistically significant improvements in
scores may not be clinically noticeable by patients or physicians.
Doubt has therefore been cast on the clinical significance of differ-
ences found between antidepressants and placebo in the available
trials (Moncrieff and Kirsch, 2015). A more helpful trial endpoint
is the clinical relevance of the effect observed, i.e. whether an
intervention produces improvements in patients’ daily lives. The
minimum difference in rating scale scores indicating a clinically
relevant effect remains a matter of debate (Moncrieff and Kirsch,
2015).

An important question to be addressed is whether the efficacy
of omega-3 fatty acids depends on a critical age for supplemen-
tation. Studies in animals have reported that reduced brain DHA
concentrations in the perinatal phase of development are associ-
ated with deficits in neuronal arborization, synaptic pathology,
cognitive impairment and elevated anxiety and depression-relat-
ed behaviors (McNamara and Carlson, 2006). In a rat model of
chronic deficiency in omega-3 fatty acids, an equilibrated diet ad-
ministered through the mother during pre- and post-natal periods
could restore the offspring’s monoaminergic functions, which had
been impaired by the deficiency, only if it was provided before
the 21st day of life (Kodas et al., 2002; Kodas et al., 2004). These
results suggest that an optimal time frame for omega-3 fatty acid
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Table 1. Overview of findings and problems regarding omega-3 fatty acids and depression

Observational studies

Intake of fish or omega-3 fatty acids was inversely associated with the risk of depression (Hibbeln, 1998)
Fish consumption was associated with a decrease in the risk of depression (Grosso et al., 2016)
Intake of omega-3 fatty acids was negatively associated with depression (Silvers and Scott, 2002; Tanskanen et al., 2001)

Omega-3 fatty acid levels in erythrocytes in people with depression were low compared to controls (Edwards et al., 1998b; Peet et
al., 1998)

No associations between the intake of omega-3 fatty acids and depression were found in cross-sectional studies (Appleton et al.,
2007; Hakkarainen et al., 2004; Miyake et al., 2006)

No significant relationships between blood omega-3 fatty acid concentrations and depressive symptoms were found in
cross-sectional studies (Appleton et al., 2008; Browne et al., 2006; Mamalakis et al., 2004)

Summary: Observational evidence suggesting a link between omega-3 fatty acids and depression may be subject to confounding
and cannot establish causal relationships

Randomized controlled intervention studies

Omega-3 fatty acids showed beneficial effects in major depressive disorder (Nemets et al., 2002; Su et al., 2003) and other
depressive conditions (Frangou et al., 2006; Stoll et al., 1999)

In other studies, omega-3 fatty acids showed no benefits in major depressive disorder (Grenyer et al., 2007; Silvers et al., 2005) or
other depressive disorders (Keck et al., 2006; Rogers et al., 2008)

Beneficial effects of omega-3 fatty acids depended on the severity of depressive symptoms at baseline (benefits with severe
depressive symptoms, no benefits with mild depressive symptoms) (Appleton et al., 2010)

The findings of meta-analyses of randomized controlled trials of omega-3 fatty acids for depressive disorders were inconclusive; the
benefits of omega-3 fatty acids for depressive symptoms were small to moderate and of little or no clinical relevance (Appleton et
al., 2010, 2016; Bloch and Hannestad, 2012; Lin and Su, 2007)

Summary: The effects of omega-3 fatty acid supplementation in depression were usually small or insignificant, with significant
heterogeneity between studies

Problems

Available omega-3 fatty acid supplementation trials varied markedly in regard to participants, diagnostic criteria, severity of
depression, intervention type, dosage, duration, baseline omega-3 status and outcome measures

EPA rather than DHA appears to mediate the beneficial effects of omega-3 fatty acids in major depressive disorders (Grosso et al.,
2014; Hallahan et al., 2016; Martins, 2009; Martins et al., 2012)

Omega-3 fatty acid doses needed to elicit beneficial effects may depend on baseline levels (Carney et al., 2016; Messamore and
McNamara, 2016)

The clinical significance of differences between antidepressants and placebo based on rating scales is in doubt (Moncrieff and
Kirsch, 2015)

The long-term effects of omega-3 fatty acid supplementation are unclear

Opportunity cost of potentially ineffective therapies needs to be considered; other possibly more useful therapeutic approaches
should be investigated (Lange, 2018)

Omega-3 fatty acid supplements may contain potentially toxic oxidation products; potential long-term adverse effects of vitamin E
added as antioxidant should be considered (Lange et al., 2019)

Summary: Conclusive evidence of the efficacy of omega-3 fatty acids in depressive disorders is currently lacking

supplementation exists during brain development. Thus, omega-3
fatty acid supplementation in later phases of life may be unable to
compensate for deficiencies in critical stages of early brain devel-
opment.

Further studies with more homogeneous and larger samples are
needed. In particular, large-scale studies with sufficiently large
numbers of participants with different ranges of omega-3 fatty
acid levels at baseline should be conducted. In future investiga-
tions, standardization of inclusion criteria, diagnostic methods,
participants’ nutritional baseline status, omega-3 fatty acid com-
position of fish oils and clinically meaningful outcome measures

is required. The dose response for both EPA and DHA needs to
be examined. Extended follow-up is needed to establish sustained
long-term effects of omega-3 fatty acid supplementation in people
with depression.

Opportunity cost, i.e. the loss of potential benefits when one
alternative is chosen over another, is a relevant issue when rec-
ommending potentially ineffective therapies to patients. The ad-
ministration of omega-3 fatty acids in addition to evidence-based
treatments in people with depression may affect compliance. Fur-
thermore, omega-3 fatty acids may be taken by patients as a sub-
stitute for lifestyle modifications that may be beneficial to their
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mental and physical wellbeing and health (Lange, 2018). Limited
research resources may be better used in the development of novel
approaches to mental health than in investigating optimal combi-
nations of omega-3 fatty acids, which may offer little benefit in
mental disorders.

7. Conclusion

Conclusive evidence of the efficacy of omega-3 fatty acids in de-
pressive disorders is currently lacking. Epidemiological studies
have found correlative associations between the consumption of
fish, the intake of omega-3 fatty acids and the prevalence of major
depressive disorder. Furthermore, lower omega-3 fatty acid levels
have been found in people diagnosed with depressive disorders in
comparison with controls. However, these observational findings
are unable to establish a causal relationship between omega-3 fatty
acids and depression. The results of randomized controlled trials of
omega-3 fatty acids for depressive disorders are inconclusive, and,
to date, these interventional studies have been unable to establish
causation between depression and omega-3 fatty acids. Numerous
factors may have influenced the results of studies on omega-3 fatty
acid supplementation in the treatment of depression. These fac-
tors include heterogeneous types of study design, duration of trials,
dosage and types of omega-3 fatty acids used and assessment of
outcomes. In light of the results of the available trials in depres-
sion, omega-3 fatty acids appear to have little or no therapeutic
efficacy.

Issues that should be addressed in more detail include baseline
values of omega-3 fatty acids and symptom severity, the quantity
(dosage) and quality (EPA-to-DHA ratio) of the fatty acids used,
the duration of supplementation, the concomitant use of medi-
cation and long-term efficacy. Very large, well-controlled rand-
omized clinical trials appear to be necessary to establish potential
anti-depressive effects of omega-3 fatty acids. However, the sub-
stantial expenditure required to conduct such trials is difficult to
justify in view of the less than promising findings from available
randomized controlled trials.

Potential adverse effects of omega-3 fatty acid administration
should be considered. Increased cancer risks may be associated
with high-dose omega-3 administration over extended periods
of time, possibly due to the effects of omega-3 fatty acids, their
oxidation products or added vitamin E. These effects may become
apparent many years after supplementation and their cause may
therefore fail to be recognized.

In summary, the efficacy of omega-3 fatty acids in the treatment
of depression has not been conclusively demonstrated. The recom-
mendation of potentially ineffective therapies to patients may have
considerable opportunity costs, with other possibly more useful
therapeutic approaches failing to be utilized.
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