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Abstract

Depression is the leading cause of disability worldwide, and even though many forms of therapy 

exist, about one third of patients treated with conventional antidepressants do not experience a 

response. For these reasons, new approaches to treat depression, including fish oil, are being 

investigated. Fish oil is known to have many beneficial side effects, and clinical trials demonstrate 

that supplementation with fish oil is beneficial in the management of depression. Fish oil contains 

omega-3 polyunsaturated fatty acids (PUFA), and there are several mechanisms by which PUFAs 

are thought to induce an antidepressant effect, including anti-inflammatory action and direct 

effects on membrane properties. This review will analyze and evaluate the clinical trials 

surrounding fish oil use in the treatment of depression, and will also review the likely sites of 

action of PUFAs at the cell membrane with special attention being placed on lipid rafts and G-

proteins.
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1. Introduction

According to the National Institute of Mental Health, about 16.1 million American adults 

(6.7% of adults) experienced one or more major depressive episodes in 2015 [63], and the 

Center of Disease Control reports that, based on notations made in the medical record, about 

10.3% of all physician visits were in some way related to depression [42]. The economic 

burden of depression in the United States was estimated to be about $210.5 billion, and these 

costs were related to the direct treatment of depression, indirect costs of depression (i.e. 

missed work or decreased workplace productivity), and costs related to suicide [25]. The 

World Health Organization states that depression is the leading cause of disability, word-

wide [67]. In 2001, it was stated that depression would be the second-leading cause of 

disability by 2020, but the time was reset to 2017 and being the leading cause rather than the 

second [66]. The severity of the physical symptoms and the health care costs beg the 
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question, “why is there such poor control of such a major public health issue?” The answer 

is complex, and involves societal factors (inadequate funding for treatment both in the public 

setting and by insurance companies) and issues involving current drug therapy including the 

side effect profile of the medications, and the low rates of effectiveness for the treatments.

Current depression therapies center around the use of antidepressant medications, many of 

which have been available for decades. The first class of antidepressants available were the 

monoamine oxidase inhibitors (MAOI). Then, came the tricyclic antidepressants (TCA), and 

finally, the selective serotonin reuptake inhibitors (SSRI) and serotonin norepinephrine 

reuptake inhibitors (SNRI). These latter compounds are the most commonly used agents to 

treat depression, but this is due more to safety than therapeutic efficacy. Several electric 

stimulation approaches, including electroconvulsive therapy (ECT) and transcranial 

magnetic stimulation are also available, as is psychotherapy. Unfortunately, despite the 

extensive treatments available, nearly one third of patients remain unresponsive to any 

therapy.

For example, one study compared the effectiveness of cognitive therapy versus 

antidepressant medication versus placebo in moderate to severe cases of depression. 

Cognitive therapy and antidepressant therapy both demonstrated improved effectiveness 

measured by response and remission rates when compared to placebo. However, the 

response rates for the cognitive therapy and antidepressant therapy were both only 58%, 

while the remission rates were 40% for cognitive therapy and 46% for antidepressant 

medication [11]. In the STAR*D (Sequence Treated Alternatives to Relieve Depression) 

study, researchers evaluated the effectiveness of citalopram (an SSRI) by evaluating patients 

over 41 different clinical care settings. The patients were evaluated using measurement-

based care, which means that the patients’ symptoms and side effects were evaluated at each 

visit. Then, the dosage of citalopram was adjusted accordingly using a universal treatment 

manual. The study demonstrated that the response rate for citalopram was 47% and the 

remission rate was either 28% or 33%, depending on the scale used to evaluate a patient’s 

symptoms. The average time to achieve response was 6 weeks, but a significant portion of 

the patients who experienced response or remission did so after 8 weeks of treatment. The 

average time to achieve remission was 7 weeks [62]. These studies exemplify the fact that 

the current first line therapies for MDD are not sufficient. In particular, the STAR*D trial 

alludes to the typical 6 to 12 week lag period of treatment before patients experience a true 

response, which is a very commonly reported disadvantage of SSRIs [18]. Other meta-

analyses suggest that the lag period may be shorter, but this can be due to differences in 

response to the drug versus observable benefits of the drug [44,61]. Regardless, the current 

recommendations are to allow patients 4 weeks of treatment of an SSRI before augmenting 

the dosage or the medication in cases of lack of improvement of symptoms [26].

One additional drawback is that many of these drugs have significant side effect profiles. A 

better solution may be to look to other already commonly used supplements that may be 

beneficial in the treatment of depression.

An interesting possibility for depression therapy is fish oil, which contains several omega-3 

polyunsaturated fatty acids (PUFA). For many years, the benefits of omega-3 fatty acids 
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have been understood, since intervention for cardiovascular disease with these PUFAs 

caused the decreased production of VLDL. Furthermore, fish oil supplementation has also 

been shown to have antiplatelet activity, improve heart failure, improve vascular function in 

diabetics [5], decrease selected markers of oxidative stress [24], decrease osteoarthritis 

associated knee pain [45], improve outcomes in critically ill patients (especially acute lung 

injury/acute respiratory distress syndrome) [22], and improve clinical courses of several 

other conditions. Besides having a vast number of benefits, another advantage of fish oil 

supplementation is the virtually nonexistent side effect profile when the appropriate doses 

are administered. Due to the many benefits and few adverse effects, fish oil supplementation 

is used for many ailments, including psychiatric disorders.

In this review, we will attempt to discuss several clinical trials that have sought to test the 

effectiveness of omega-3 PUFAs in the treatment of depression, and we will review the 

possible molecular mechanisms involved in this process.

2. Clinical data

Current studies analyzing the potential for PUFAs in the management of depression have 

looked at eicosapentaenoic acid (EPA) and/or docosahexaenoic acid (DHA) as the forms of 

fatty acids. These are the so called “fish oils” because they are the omega-3 fatty acids that 

are readily found in fish oil supplements.

One meta-analysis examined 10 clinical trials and found that omega-3 fatty acids have a 

significant antidepressant effect in patients diagnosed with MDD or bipolar disorder. They 

also found that the dose of EPA administered did not have a significant impact on the rate of 

efficacy [32]. One study compared adding EPA to maintenance medication treatment for 

recurrent depression versus placebo. This found that EPA lowered depression rating scores 

by a mean reduction of 12.4, while placebo only resulted in a reduction of 1.6 based on the 

Hamilton Rating Scale for Depression (HRSD) [43]. A randomized control trial looked to 

determine the most effective dose of EPA by comparing 1, 2, and 4 grams per day (g/day) 

versus placebo. The patients in this study had ongoing depression despite being given 

therapeutic doses of antidepressant therapy. Overall, this study found the highest response 

rates among the 1 g/day of EPA [46]. On the other hand, another randomized control trial 

comparing EPA to placebo demonstrated a nonsignificant improvement in outcomes in the 

EPA group using the HRSD. The authors noted that the lack of significance could be due to 

the small sample size (57 participants) and low response rate [40].

Similar studies have been conducted analyzing the efficacy of DHA. One study compared 

three different doses of DHA, 1, 2, and 4 g/day. The 1 g/day of DHA group experienced the 

most benefit [38]. However, this study did not include a placebo group, so it is not possible 

to state that the DHA treatment resulted in an actual reduction of symptoms or if the 

response was due to the placebo. On the other hand, one placebo-controlled study showed 

that there is no statistical difference between DHA and placebo treatment, so the researchers 

concluded that DHA monotherapy does not have an impact on MDD [35]. It is noteworthy 

that these studies use different depression rating scales, so head to head comparison is not 

necessarily valid.
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In addition to the above-mentioned studies, most studies surrounding fish oil use in 

depression have analyzed the usefulness of both EPA and DHA in the treatment of MDD. In 

one study, a combination of EPA and DHA was compared against placebo treatment. The 

EPA/DHA treated group experienced a greater reduction in the HRSD score when compared 

to placebo [57]. A similar study in pregnant patients compared omega-3 fatty acids with 

placebo. There was a statistically significant higher response rate in the treatment group 

versus the control group [58]. Another study compared the use of citalopram and PUFA 

versus citalopram and control (olive oil). The PUFA used in this study was a combination of 

EPA, DHA, and other omega-3 fatty acids. The study demonstrated significantly improved 

scores starting at week four of the trial [21].

Furthermore, there are studies that compare EPA and DHA. In one study, Su and colleagues 

showed that EPA is superior to DHA in clinical antidepressant efficacy [60]. Another study 

evaluated the ability of EPA and DHA to impede the incidence of depression in patients 

receiving interferon-alpha (IFN-α) for Hepatitis C treatment. This found that EPA 

significantly decreased the incidence of depression, while DHA did not when compared to 

placebo. However, EPA and DHA were noted to significantly delay the onset of depression 

even though the DHA did not impact the incidence [59]. Additionally, one report analyzed 

the results of two seemingly contradictory studies and concluded that EPA may have more 

benefits than DHA in the treatment of MDD [37]. Thus, EPA is suggested to be more 

efficacious than DHA therapy. Finally, one randomized control trial comparing EPA to DHA 

to placebo found that neither EPA nor DHA treatment was better than placebo for treatment 

of depression [39]. This last result is very surprising because the study had a bigger sample 

size than many of the previously mentioned studies, but at the same time, this study had a 

high dropout rate. Originally, the study included 196 participants, and only 154 completed 

the study. Therefore, the results showing no benefit to either EPA or DHA as compared to 

placebo could be due to attrition bias.

Overall, many of the clinical trials that examine the therapeutic efficacy of omega-3 PUFAs 

in the management of depression show a benefit of adding fish oil. Also, most of the studies 

report no negative outcomes of the PUFAs in terms of side effects. The variable results 

regarding the efficacy are most likely due to the small sample size used in almost all the 

trials and the high rates of dropout from study participation. Additionally, there is not a 

consistent set up regarding the use of the PUFAs in terms of them being used as a 

monotherapy or in conjunction with other antidepressants. Theoretically, conjunction 

therapy would be the most beneficial, especially because the mechanism of action of PUFAs 

may be independent of the monoamine system (see below). Even though it is difficult to 

compare amongst the various studies, it is fairly clear that treatment with some form of fish 

oil does result in improved clinical outcomes, and since there are additional side effects to 

the cardiovascular system it would be beneficial to begin depressed patients on a fish oil 

supplement, especially if they have been resistant to standard therapy.

3. Mechanism of action

There are two main schools of thought when it comes to the mechanism of action the PUFAs 

utilize to achieve an antidepressant response. The first is that the PUFAs are able to exert an 
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anti-inflammatory response on neural cells, which results in an antidepressant effect. The 

second school of thought is that the PUFAs cause membrane modification either by a direct 

interaction with the plasma membrane or via a modification of the G-protein, Gαs. There is 

no reason that these must be mutually exclusive.

While not proven causative, depressed patients and animal models of depression show 

decreased neurogenesis [3,28], and one of the causes for this may be pro-inflammatory 

cytokines, such as interleukin-1-β (IL-1β) [23,30,31]. Several studies have shown that there 

are increased levels of IL-1β in the peripheral blood and CSF of depressed individuals 

[7,27,34,36,41,47,52]. Besides IL-1β, other inflammatory markers have also been noted to 

be involved in the pathogenesis of depression such as tumor necrosis factor-α (TNF-α) and 

interferon-γ (IFN-γ) [52]. Fish oils are relevant to this discussion because one study 

demonstrated that EPA and DHA, along with sertraline (SSRI) and venlafaxine (SNRI), 

were able to reverse the effects of IL-1β at human hippocampal cells in vitro [4]. Similar 

findings have also been shown in clinical trials using patients treated with IFN-α to combat 

hepatitis C infections. The patients were given EPA and DHA to prevent IFN-α-induced 

depression, and the results demonstrated that EPA was able to decrease, significantly, the 

incidence of depression [59]. Another study found that a subset of patients with high 

inflammation profiles were more responsive to EPA as compared to placebo, lending 

evidence to the anti-inflammatory mechanism of action [48]. Additionally, one study 

revealed that DHA inhibits oxidative reactions and pro-inflammatory responses in microglia 

[33], and this finding was consistent with several previous studies that showed DHA is anti-

inflammatory and antioxidative [10,14,29,51]. Therefore, based on these studies, one 

suggestion for the therapeutic mechanism of fish oil in the treatment of depression is that the 

PUFAs exert an anti-inflammatory effect on neural tissue.

Another possibility for the mechanism of action of fish oil in the treatment of depression is 

modification of neurotransmitter signaling. There are two ways by which the PUFAs may be 

affecting the membrane: 1) direct modification of plasma membrane signaling domains or 2) 

modification of G-protein within those signaling domains.

Before findings surrounding the mechanism are discussed, a brief background regarding 

structural aspects of the plasma membrane is warranted. There are specific, highly organized 

regions of the cell membrane known as lipid rafts, which are rich in cholesterol, 

sphingolipids, cytoskeletal proteins, and an array of signaling molecules including 

heterotrimeric G-protein subunits and second messenger molecules [1]. The grouping of G-

proteins within lipid rafts results in alterations to neurotransmitter signaling. The most likely 

mechanism for G-protein localization to lipid rafts is that the Gα subunit undergoes fatty 

acylation (palmitoylation and/or myristoylation), and these modifications effectively target 

the G-proteins to the lipid raft [1].

Postmortem brain samples showed that Gαs localizes to the lipid rafts in depressed subjects 

who completed suicide [12]. When the Gαs subunit is located in the lipid raft, it is unable to 

form a functional complex with adenylyl cyclase therein, resulting in dampened cAMP 

signaling [2]. Recent PET imaging data demonstrate diminished cAMP in the brains of 

depressed subjects, resolving to normal levels following successful treatment [19].
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Furthermore, there is evidence that suggests that the lipid raft itself may play a role in 

antidepressant effectiveness because antidepressant and antipsychotic drugs have been 

shown to accumulate in lipid rafts [15]. Another study showed that escitalopram 

accumulates within lipid rafts, but the nonantidepressant R enantiomer does not [16]. Since 

escitalopram and R-citalopram have equal lipophilicity, there is likely a lipid raft protein that 

acts as a binding site for antidepressants. This study also revealed that antidepressant 

accumulation in rafts is a slow process mirroring the time course for the invitro effects of 

these drugs [9,16,69]. Similarly, published findings analyzing the components of raft and 

non-raft membrane samples show that DHA is present in both [54]. DHA’s preference to 

localize into non-raft membrane samples might create a DHA-rich domain capable of 

altering conformation of both membrane domains and signaling proteins [64]. In such 

circumstance, PUFAs could affect neurotransmitter signaling and second messengers. One 

group demonstrated that DHA incorporates into specific regions to avoid cholesterol 

interactions [55].

In addition, PUFAs may act indirectly at the plasma membrane by modifying G-proteins. As 

stated above, G-proteins undergo fatty acylation which targets the proteins to the lipid rafts. 

When fatty acylation is modified, G-protein association with the membrane, as well as the 

interaction of components within the heterotrimer, is altered. This modifies downstream 

signaling. Furthermore, PUFA modifies acylation of certain small G proteins, preventing 

their association with lipid rafts. For example, palmitic acid on the GTPase, Fyn, was 

replaced by acylation with EPA and/or arachidonic acid. This study also raised the 

possibility that the PUFAs are affecting the overall lipid raft structure. They noted that 

caveolin, which is a protein localized to lipid rafts, was not displaced from the rafts in 

response to the PUFAs. As a result, they concluded that the dislocation of Fyn is due to the 

direct effect of the PUFAs inhibiting Fyn palmitoylation [65]. Similar studies demonstrated 

that PUFA treatment resulted in displacement of various proteins (including Lck, LAT, etc) 

from lipid rafts [56,68]. While this study did not examine heterotrimeric G proteins, a 

similar effect of PUFA is certainly possible. Furthermore, PUFAs are able to affect fatty 

acylation of several signaling proteins [8,9,17,20,49].

As stated above, antidepressant treatment results in the translocation of Gαs out of lipid 

rafts, and Gαs is then able to activate adenylyl cyclase more efficiently resulting in increased 

levels of cAMP [1,2,13,69]. Treatment with omega-3 fatty acids might cause antidepressant 

effects due to omega-3 fatty acids association with rafts, modifying raft structure, and/or 

releasing raft-associated proteins into nonraft membrane sections [53] (Figure 1). One study 

discovered that PUFA treatment facilitated the coupling between the estrogen GPCR, 

GPER1, Gαs, and adenylyl cyclase [6]. As mentioned above, there are also studies that show 

EPA and DHA’s ability to target rafts directly [50]. Lastly, it is important to also remember 

that PUFAs do regulate the palmitoylation of several different proteins, and it is very 

reasonable to suggest that Gαs is included in this group. If the Gαs is modified this may 

facilitate translocation from lipid raft and increased functional complexes with adenylyl 

cyclase.
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4. Conclusion

This review has attempted to analyze the clinical trials that have been conducted with respect 

to PUFA antidepressant properties and to posit a mechanism for the antidepressant actions of 

PUFA. The findings of the trials suggest that fish oil supplementation is beneficial in the 

treatment of depression when compared with placebo, and the data suggest that the best 

outcomes occur when the fish oil is used as an adjunct to standard antidepressant therapies. 

It is difficult, however, to compare clinical trials due, to the differences in experimental 

design and methodology. Additionally, this review has suggested the three major ideas 

involved in regard to the mechanism of action of the PUFA: 1) anti-inflammatory action 2) 

direct membrane modification and 3) indirect membrane modification via direct 

modification of signaling proteins. There are data to support all three of these mechanisms, 

and we conclude it is likely that interplay exits amongst them. Fortunately, methodology 

development in neuroscience is progressing at a rapid pace, suggesting that answers may 

soon be forthcoming.
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Abbreviations

cAMP Cyclic adenosine monophosphate

DHA Docosahexaenoic acid

ECT Electroconvulsive therapy

EPA Eicosapentaenoic acid

g/day Grams per day

GPCR G-protein coupled receptor

GTP Guanosine triphosphate

HRSD Hamilton rating scale for depression

IFN-α Interferon-alpha

IFN-γ Interferon-gamma

IL-1β Interleukin-1-beta

LAT Linker for activation of T cells

MAOI Monoamine oxidase inhibitor

PET Positron emission tomography

PUFA Polyunsaturated fatty acids

SNRI Serotonin norepinephrine reuptake inhibitor
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STAR*D Sequence treated alternatives to relieve depression

TCA Tricyclic antidepressant

TNF-α Tumor necrosis factor-alpha
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Fig. 1. 
This scheme depicts the antidepressant-induced translocation of Gαs (depicted as the 

heterotrimer with β and γ subunits) out of lipid rafts to non-raft sections of the membrane. 

The center of the image demonstrates the possibility of PUFA directly modifying Gαs via 

acylation. Also, PUFA has the ability to directly incorporate into the rafts, depicted image 

right.

Tα/Tβ = tubulin; GPCR = G protein coupled receptor.
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