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Paola Bozzatello et al. [1] have done a comprehensive qualitative review of the potential use of long-chain polyunsaturated fatty acids in the prevention and treatment of mental disorders. The number of placebo-controlled trials across a range of mental disorders has surged substantially over the last two decades; however, only very few well-designed large scale trials have been performed. Therefore, even in conditions like schizophrenia, depression or attention deficit and hyperactivity disorders (ADHD) where most omega-3 fatty acid RCTs have been performed, no final conclusions regarding the use of omega-3 fatty acids can be drawn yet. One of the key problems of systematic reviews investigating the use of omega-3 fatty acids in mental disorders is that they have integrated quite diverse phenotypic groups, e.g., the use of omega-3 fatty acids in controlled treatment trials that also assessed depressive symptoms included the following different conditions:

	
Primary diagnosis of adult major depressive disorders (MDD) [2,3,4,5,6,7,8,9,10,11,12,13,14,15,16]



	
Depressive episodes in bipolar affective disorders [17,18,19,20,21,22,23]



	
Depression during or post pregnancy (postpartum depression) [24,25,26]



	
Depression in non-MDD mood disorders (e.g., premenstrual syndrome, dysthymia) [27,28,29,30,31,32]



	
Depression in other psychiatric conditions (e.g., borderline PD, self-harm, OCD) [33,34,35,36,37]



	
Depression in established schizophrenia [2,38]



	
Depression in Alzheimer’s dementia/mild cognitive impairment [13,39,40]



	
Depression in Parkinson disease [41]



	
Depression in medical conditions (cerebro-vascular and metabolic diseases or cancer) [42,43,44,45,46]



	
Depressive symptoms in healthy individuals [47,48,49,50,51,52]








Several meta-analytic reviews have tried to integrate the above-mentioned very heterogeneous controlled treatment trials investigating the effects of omega-3 fatty acids on mood symptoms [53,54,55,56,57,58,59]. Most meta-analysis including RCTs investigating depressive syndromes confirmed a statistical significant effect in favour of omega-3 fatty acids with minimal to moderate effect sizes depending on the selection of studies (except of one meta-analysis [57]). Effect sizes in favour of omega-3 fatty acids [60] are larger if RCTs are selected based on (1) a EPA/DHA ratio >60% of the overall omega-3 fatty acid content [54,56] and (2) only RCTs with a primary diagnosis of MDD are included [54,59]. To our knowledge, only one pilot RCT (n = 20) in children with a mean age of 10 was performed [61]. Martins et al.’s [54] meta-analysis including RCTs with primary and secondary MDD found a significant overall SMD = −0.291 in favour of omega-3 fatty acids, but also detected a marked study heterogeneity and evidence for publication bias. A more recent meta-analysis by Sublette et al. [56] only including primary MDD RCTs dichotomized according to a EPA/DHA ratio >60% of the overall omega-3 fatty acids content found a moderate effect size (SMD = 0.558) with negligible contribution of random effects or heteroscedasticity. Bloch and Hannestadl’s meta-analysis [57] including studies with mildly depressed individuals not meeting criteria for clinical depression could not replicate previous meta-analyses; however, a sub-analysis restricted to moderate to marked depression confirmed an SMD of 0.42 in favour of omega-3 fatty acid treatment. It is likely that a single study by Rogers et al. [27] investigating the effects of omega-3 fatty acids on mild depressive symptoms in a large non-clinical population was responsible for the negative overall outcome as the Rogers study accounted for 31.7% of the overall weight in this particular meta-analysis [62]. Grosso et al. [59] found a SMD = 0.56 for primary MDD, an SMD = 0.22 for non-primary MDD, and an overall SMD = 0.38 in favour of omega-3 fatty acid compared to placebo treatment. The above mentioned meta-analyses suggest that mainly the use of EPA rather than DHA rich formulations are responsible for the clinical efficacy of omega-3 fatty acids. Unexpected is the finding that the use of purified or DHA-enriched oils is not successful in treating depression, postnatal depression or OCD [4,63,64]. This finding is in contrast to the greater face validity of DHA, which is the major brain omega-3 fatty acids and which is lower in brain tissue of depressed suicide victims [65].



Two RCTs encompassing a large proportion of patients with refractory depression highlight the potential use of EPA-enriched omega-3 fatty acids as an augmentation treatment of antidepressants (potentially via an increase in membrane fluidity) [2,3]. Two RCTs in populations without a primary MDD provide evidence of an association between inflammation and omega-3 fatty acids response: (1) A placebo-controlled trial investigating the positive effects of omega-3 fatty acids on depressive symptoms and chronic inflammation in haemodialysis patients [66]; and (2) a study [67] that found a preventive effect of EPA against the development of depressive symptoms in IFN-alpha-treated hepatitis C virus carriers (associated with a very high risk of drug-induced depressive symptoms). The latter two studies suggest that omega-3 fatty acids rich in EPA may modulate its antidepressant properties via immune-modulatory strategies, which is of interest in the light of more recent models of the underlying pathophysiology of a range of mental disorders [68].



A whole range of RCTs have also been performed in schizophrenia and related disorders. A study in first episode psychosis adolescents demonstrates that omega-3 fatty acids augmentation treatment of antipsychotic medication may result in a better tolerability (less EPS, less sexual side effects) and faster response to antipsychotic medication; however, at the end of the three month treatment period, there was no difference in treatment effects on all primary outcome measures between active and placebo [69]. The final outcome of this study is in line with a meta-analysis of Dr. Fusar-Poli and the author of this commentary coming to the conclusion that omega-3 fatty acids in established (but not prodromal) schizophrenia have no or only minor additional efficacy compared to currently available treatments (also not on depressive symptoms in schizophrenia) [70], but may have some beneficial effects in tertiary prevention.



The use of omega-3 fatty acids in primary (indicated) prevention of mental disorders in general may be a separate important area of omega-3 fatty acid research that goes beyond the schizophrenia prodrome, and is an avenue yet to be further explored. A pilot RCT in 81 adolescents at ultra-high risk (UHR) for developing a psychotic disorder (mean age 16.4) compared 1.2 g of an EPA-enriched omega-3 fatty acids oil as a sole agent with a placebo oil in a double blind fashion [71]. A total of 27.5% in the placebo group progressed towards a first psychotic episode compared to only 4.9% in the omega-3 fatty acids group. A recent multinational multicentre study (the NEURAPRO study [72]) including over 300 UHR adolescents tried to replicate this promising pilot study. However, the key problem of the replication study is that the overall transition rate of the study after one year was as low as 10.5% and the compliance rate of 43% was very poor so that a reasonable conclusion at this stage of data analysis is not really appropriate [73]. Another multinational multi-centre omega-3 RCT in prodromal schizophrenia will start in the near future (the PURPOSE trial). Bozzatello et al. [1] discussed the latter studies in the schizophrenia section. However, as only 10% to 20% of URH adolescents will progress to a first psychotic episode within one year and only about half these first episode cases actually meet criteria for core schizophrenia, it is probably not correct to discuss URH studies within the schizophrenia section. It may be much more appropriate to investigate neuroprotective interventions like omega-3 fatty acids not solely within a schizophrenia concept, but much more in the light of brain developmental factors and biological relevant markers, such as the inflammatory markers, the omega-3 index or markers of neuronal damage (e.g., TNF-beta).



The above mentioned small pilot omega-3 RCT in prepubertal children with childhood-onset depression shows a very large effect size (SMD = 1.2) [61]. Also the pilot study in UHR adolescents for psychosis [71] with a mean age of 16.1 showed large effect sizes. Furthermore, most omega-3 fatty acids RCTs in children were done in ADHD and show a beneficial effect. Bloch et al.’s meta-analysis [74] including 699 ADHD children of ten RCTs between 7 and 12 years found a beneficial effect in favour of omega-3 fatty acids with a SMD of 0.31 with no evidence of publication bias and a significant dose dependency; RCTs using a daily dose of 500 to 750mg EPA were the most effective ones [75]. Even so, the effect size of stimulant treatment with methylphenidate, dexamphetamines or atomotexine is still two to four times stronger compared to omega-3 fatty acids alone, the positive findings of omega-3 fatty acid studies in children is suggestive that in particular the developing brain may benefit from omega-3 fatty acids. Future research has to address the question if subgroups of children with mental disorders may benefit more from benign interventions like omega-3 fatty acids compared to adults with established (end stage) mental disorders.



For all other mental disorders and associated conditions only limited evidence exists to promote or refute the use of Omega-3 fatty acids in daily clinical care. As outlined by Bozzatello et al. [1], there is some evidence that omega-3 fatty acids augmentation may have some beneficial effects in bipolar affective disorders [17], in particular against depressive symptoms [19,76]. Furthermore, EPA-enriched omega-3 fatty acids may also attenuate impulsivity in patients with Borderline Personality Disorder [35,77] and incarcerated young males [78]. The latter findings may be of particular importance for male pediatric MDD individuals that sometimes present with impulsive and aggressive behaviour rather than sadness [25]. A recently published trial in adolescents with conduct disorders highlights the importance to implement long study durations (e.g., one year) to be able to demonstrate potential positive effects of omega-3 fatty acids on difficult to treat behavioural traits [79]. Worth mentioning is a recent RCT in premenstrual syndrome (PMS) showing some beneficial effects on depression, nervousness, anxiety, lack of concentration and a reduction of somatic symptoms such as bloating, headaches and breast tenderness [32]. These studies need replication, but point towards important phenotypic features that may benefit from omega-3 fatty acids, such as impulsivity. We may consider more complex trial designs to address the questions if omega-3 fatty acids may be of importance across a whole range of mental disorders, in particular in childhood and adolescents and for certain phenotypic features.



The underlying mechanisms of the potential preventive and therapeutic actions of omega-3 fatty acids against mental disorder are still unclear. Preclinical and clinical data point towards several mechanisms most likely acting in concert [80]. Some of them might be more responsible for short-term, other for postulated long-term effects of omega-3 fatty acids. There is some preclinical evidence that Omega-3 fatty acids may modulate the HPA-axis that is suggested to play a role in a range of mental disorders [81]. Omega-3 fatty acids have shown to attenuate stress-related changes in animal models with depressive features [82,83,84,85] as well as in humans [86,87,88]. Furthermore, Omega-3 fatty acids may influence myelination and synaptic pruning, important processes for normal pubertal brain development. The regulation of PUFA metabolism is crucial for both processes [89,90]. Of particular interest is a preclinical study investigating cognition and behaviour across different developmental stages. Omega-3 fatty acids deficient diets across consecutive generations produced a modality-selective and task-dependent impairment in cognitive and motivated behaviour in adolescence distinct from the deficits observed in adults [91,92]. Omega-3 fatty acids attenuate such depression-like animal behaviours during critical periods of brain development [93]. Furthermore, the FADS haplotype determining LC-PUFAs availability and concentrations in white matter (WM) showed age-related WM differences in humans (significant age × genotype interactions, p(corrected) < 0.05). PUFA metabolism is therefore likely to play a role in disorders of neurodevelopmental origin [94]. Animal models with structural hippocampal alterations with depression-like and anxiety-like behaviours [95,96] provide evidence that omega-3 fatty acids have a preventive and neurotrophic effect against hippocampal changes [97,98]. Omega-3 fatty acids enhance hippocampal cell viability and are able to protect hippocampal cells from stress-related damage [99]. Monoaminergic transmitter systems are proposed to be involved in the pathogenesis of many mental disorders. Animal experiments of omega-3 fatty acids deprived rats provide evidence for an increase in serotonin 2 (5-HT2) and a decrease in dopamine 2 (D2) receptor density in the frontal cortex, as well as an increased serotonin turnover in the prefrontal cortex and decreased midbrain tryptophan hydroxylase-2 expression [100,101,102,103,104,105,106]. In humans, omege-3 intake is associated with an increase in cerebrospinal fluid 5-HIAA release [107,108]. Several lines of evidence support that Omega-3 fatty acids have immune-modulatory, anti-inflammatory and pro-resolving properties [109], e.g., via the modulation of pro-inflammatory omega-6, the promotion of proresolvins, neuroprotectins and anti-inflammatory mediators [110,111,112]. Omega-3 fatty acids seem to induce protective in vivo brain mechanisms against oxidative stress. Ethyl-EPA supplementation is associated with a marked increase of glutathione, a strong intracellular antioxidant using proton magnetic resonance spectroscopy in patients with a first-episode psychosis [113]. Another group found similar effects in older patients at risk for depression [114]. Some evidence regarding the measurement of glutathione in peripheral blood is also suggestive that omega-3 fatty acids may support the antioxidative defence system in individuals at ultra-high risk for psychosis [115]. Finally, a decrease in membrane fluidity can affect the rotation and diffusion of proteins and other bio-molecules within the membrane, thereby affecting the functions of these molecules and processes. An increase in membrane fluidity results in a more flexible membrane and facilitates transmission (e.g., in the retina) [116]. In vivo imaging techniques such as diffusion tensor imaging could demonstrate that omega-3 fatty acids are closely linked to PUFA metabolism [94]. The effect of omega-3 fatty acids on membrane structure [117] may contribute to its clinical effects, in particular in augmentation studies. T2-relaxation time normalizes under the influence omega-3 fatty acids potentially being a signifier of normalization in membrane structure [118]. Future studies should therefore address if particular markers, such as low baseline levels of omega-3 fatty acids, increased inflammatory mediators, markers of intact myelination (e.g., measured with DTI), or a functional glia-neuronal interface (e.g., measured with MRS) may serve as predictors of omega-3 fatty acid response, in particular in children and adolescents in the early course of disorders [119]. Bozzatello et al.’s [1] qualitative and comprehensive review is a contribution to this endeavour and highly recommended to interested readers.






Conflicts of Interest


The author declare no conflict of interest.




References


	



Bozzatello, P.; Brignolo, E.; De Grandi, E.; Bellino, S. Supplementation with Omega-3 Fatty Acids in Psychiatric Disorders: A Review of Literature Data. J. Clin. Med. 2016, 5, 67. [Google Scholar] [CrossRef] [PubMed]

	



Peet, M.; Horrobin, D.F. A dose-ranging study of the effects of ethyl-eicosapentaenoate in patients with ongoing depression despite apparently adequate treatment with standard drugs. Arch. Gen. Psychiatry 2002, 59, 913–919. [Google Scholar] [CrossRef] [PubMed]

	



Nemets, B.; Stahl, Z.; Belmaker, R.H. Addition of omega-3 fatty acid to maintenance medication treatment for recurrent unipolar depressive disorder. Am. J. Psychiatry 2002, 159, 477–479. [Google Scholar] [CrossRef] [PubMed]

	



Marangell, L.B.; Martinez, J.M.; Zboyan, H.A.; Kertz, B.; Kim, H.F.; Puryear, L.J. A double-blind, placebo-controlled study of the omega-3 fatty acid docosahexaenoic acid in the treatment of major depression. Am. J. Psychiatry 2003, 160, 996–998. [Google Scholar] [CrossRef] [PubMed]

	



Su, K.P.; Huang, S.Y.; Chiu, C.C.; Shen, W.W. Omega-3 fatty acids in major depressive disorder. A preliminary double-blind, placebo-controlled trial. Eur. Neuropsychopharmacol. 2003, 13, 267–271. [Google Scholar] [CrossRef]

	



Silvers, K.M.; Woolley, C.C.; Hamilton, F.C.; Watts, P.M.; Watson, R.A. Randomised double-blind placebo-controlled trial of fish oil in the treatment of depression. Prostaglandins Leukot. Essent. Fat. Acids 2005, 72, 211–218. [Google Scholar] [CrossRef] [PubMed]

	



Grenyer, B.F.; Crowe, T.; Meyer, B.; Owen, A.J.; Grigonis-Deane, E.M.; Caputi, P.; Howe, P.R. Fish oil supplementation in the treatment of major depression: A randomised double-blind placebo-controlled trial. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2007, 31, 1393–1396. [Google Scholar] [CrossRef] [PubMed]

	



Jazayeri, S.; Tehrani-Doost, M.; Keshavarz, S.A.; Hosseini, M.; Djazayery, A.; Amini, H.; Jalali, M.; Peet, M. Comparison of therapeutic effects of omega-3 fatty acid eicosapentaenoic acid and fluoxetine, separately and in combination, in major depressive disorder. Aust. N. Z. J. Psychiatry 2008, 42, 192–198. [Google Scholar] [CrossRef] [PubMed]

	



Mischoulon, D.; Papakostas, G.I.; Dording, C.M.; Farabaugh, A.H.; Sonawalla, S.B.; Agoston, A.M.; Smith, J.; Beaumont, E.C.; Dahan, L.E.; Alpert, J.E.; et al. A double-blind, randomized controlled trial of ethyl-eicosapentaenoate for major depressive disorder. J. Clin. Psychiatry 2009, 70, 1636–1644. [Google Scholar] [CrossRef] [PubMed]

	



Rondanelli, M.; Giacosa, A.; Opizzi, A.; Pelucchi, C.; La Vecchia, C.; Montorfano, G.; Negroni, M.; Berra, B.; Politi, P.; Rizzo, A.M. Effect of omega-3 fatty acids supplementation on depressive symptoms and on health-related quality of life in the treatment of elderly women with depression: A double-blind, placebo-controlled, randomized clinical trial. J. Am. Coll. Nutr. 2010, 29, 55–64. [Google Scholar] [CrossRef] [PubMed]

	



Rondanelli, M.; Giacosa, A.; Opizzi, A.; Pelucchi, C.; La Vecchia, C.; Montorfano, G.; Negroni, M.; Berra, B.; Politi, P.; Rizzo, A.M. Long chain omega 3 polyunsaturated fatty acids supplementation in the treatment of elderly depression: Effects on depressive symptoms, on phospholipids fatty acids profile and on health-related quality of life. J. Nutr. Health Aging 2011, 15, 37–44. [Google Scholar] [CrossRef] [PubMed]

	



Lesperance, F.; Frasure-Smith, N.; St-Andre, E.; Turecki, G.; Lesperance, P.; Wisniewski, S.R. The efficacy of omega-3 supplementation for major depression: A randomized controlled trial. J. Clin. Psychiatry 2011, 72, 1054–1062. [Google Scholar] [CrossRef] [PubMed]

	



Sinn, N.; Milte, C.M.; Street, S.J.; Buckley, J.D.; Coates, A.M.; Petkov, J.; Howe, P.R. Effects of n-3 fatty acids, epa v. Dha, on depressive symptoms, quality of life, memory and executive function in older adults with mild cognitive impairment: A 6-month randomised controlled trial. Br. J. Nutr. 2012, 107, 1682–1693. [Google Scholar] [CrossRef] [PubMed]

	



Gertsik, L.; Poland, R.E.; Bresee, C.; Rapaport, M.H. Omega-3 fatty acid augmentation of citalopram treatment for patients with major depressive disorder. J. Clin. Psychopharmacol. 2012, 32, 61–64. [Google Scholar] [CrossRef] [PubMed]

	



Rizzo, A.M.; Corsetto, P.A.; Montorfano, G.; Opizzi, A.; Faliva, M.; Giacosa, A.; Ricevuti, G.; Pelucchi, C.; Berra, B.; Rondanelli, M. Comparison between the AA/EPA ratio in depressed and non depressed elderly females: Omega-3 fatty acid supplementation correlates with improved symptoms but does not change immunological parameters. Nutr. J. 2012, 11, 82. [Google Scholar] [CrossRef] [PubMed]

	



Rapaport, M.H.; Nierenberg, A.A.; Schettler, P.J.; Kinkead, B.; Cardoos, A.; Walker, R.; Mischoulon, D. Inflammation as a predictive biomarker for response to omega-3 fatty acids in major depressive disorder: A proof-of-concept study. Mol. Psychiatry 2016, 21, 71–79. [Google Scholar] [CrossRef] [PubMed]

	



Stoll, A.L.; Severus, W.E.; Freeman, M.P.; Rueter, S.; Zboyan, H.A.; Diamond, E.; Cress, K.K.; Marangell, L.B. Omega 3 fatty acids in bipolar disorder: A preliminary double-blind, placebo-controlled trial [see comments]. Arch. Gen. Psychiatry 1999, 56, 407–412. [Google Scholar] [CrossRef] [PubMed]

	



Hirashima, F.; Parow, A.M.; Stoll, A.L.; Demopulos, C.M.; Damico, K.E.; Rohan, M.L.; Eskesen, J.G.; Zuo, C.S.; Cohen, B.M.; Renshaw, P.F. Omega-3 fatty acid treatment and t(2) whole brain relaxation times in bipolar disorder. Am. J. Psychiatry 2004, 161, 1922–1924. [Google Scholar] [CrossRef] [PubMed]

	



Chiu, C.C.; Huang, S.Y.; Chen, C.C.; Su, K.P. 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, 1613–1614. [Google Scholar] [CrossRef] [PubMed]

	



Frangou, S.; Lewis, M.; McCrone, P. Efficacy of ethyl-eicosapentaenoic acid in bipolar depression: Randomised double-blind placebo-controlled study. Br. J. Psychiatry 2006, 188, 46–50. [Google Scholar] [CrossRef] [PubMed]

	



Keck, P.E., Jr.; Mintz, J.; McElroy, S.L.; Freeman, M.P.; Suppes, T.; Frye, M.A.; Altshuler, L.L.; Kupka, R.; Nolen, W.A.; Leverich, G.S.; et al. Double-blind, randomized, placebo-controlled trials of ethyl-eicosapentanoate in the treatment of bipolar depression and rapid cycling bipolar disorder. Biol. Psychiatry 2006, 60, 1020–1022. [Google Scholar] [CrossRef] [PubMed]

	



Frangou, S.; Lewis, M.; Wollard, J.; Simmons, A. Preliminary in vivo evidence of increased n-acetyl-aspartate following eicosapentanoic acid treatment in patients with bipolar disorder. J. Psychopharmacol. 2007, 21, 435–439. [Google Scholar] [CrossRef] [PubMed]

	



Murphy, B.L.; Stoll, A.L.; Harris, P.Q.; Ravichandran, C.; Babb, S.M.; Carlezon, W.A., Jr.; Cohen, B.M. Omega-3 fatty acid treatment, with or 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. [Google Scholar] [CrossRef] [PubMed]

	



Freeman, M.P.; Davis, M.; Sinha, P.; Wisner, K.L.; Hibbeln, J.R.; Gelenberg, A.J. Omega-3 fatty acids and supportive psychotherapy for perinatal depression: A randomized placebo-controlled study. J. Affect. Disord. 2008, 110, 142–148. [Google Scholar] [CrossRef] [PubMed]

	



Breland, D.J.; Park, M.J. Depression: Focus on the adolescent male. Am. J. Mens Health 2008, 2, 87–93. [Google Scholar] [CrossRef] [PubMed]

	



Rees, A.M.; Austin, M.P.; Parker, G.B. Omega-3 fatty acids as a treatment for perinatal depression: Randomized double-blind placebo-controlled trial. Aust. N. Z. J. Psychiatry 2008, 42, 199–205. [Google Scholar] [CrossRef] [PubMed]

	



Rogers, P.J.; Appleton, K.M.; Kessler, D.; Peters, T.J.; Gunnell, D.; Hayward, R.C.; Heatherley, S.V.; Christian, L.M.; McNaughton, S.A.; Ness, A.R. 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, 421–431. [Google Scholar] [CrossRef] [PubMed]

	



Lucas, M.; Asselin, G.; Merette, C.; Poulin, M.J.; Dodin, S. 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, 641–651. [Google Scholar] [CrossRef] [PubMed]

	



Tajalizadekhoob, Y.; Sharifi, F.; Fakhrzadeh, H.; Mirarefin, M.; Ghaderpanahi, M.; Badamchizade, Z.; Azimipour, S. The effect of low-dose omega 3 fatty acids on the treatment of mild to moderate depression in the elderly: A double-blind, randomized, placebo-controlled study. Eur. Arch. Psychiatry Clin. Neurosci. 2011, 261, 539–549. [Google Scholar] [CrossRef] [PubMed]

	



Antypa, N.; Smelt, A.H.; Strengholt, A.; Van der Does, A.J. Effects of omega-3 fatty acid supplementation on mood and emotional information processing in recovered depressed individuals. J. Psychopharmacol. 2012, 26, 738–743. [Google Scholar] [CrossRef] [PubMed]

	



Mozaffari-Khosravi, H.; Yassini-Ardakani, M.; Karamati, M.; Shariati-Bafghi, S.E. Eicosapentaenoic acid versus docosahexaenoic acid in mild-to-moderate depression: A randomized, double-blind, placebo-controlled trial. Eur. Neuropsychopharmacol. 2013, 23, 636–644. [Google Scholar] [CrossRef] [PubMed]

	



Sohrabi, N.; Kashanian, M.; Ghafoori, S.S.; Malakouti, S.K. Evaluation of the effect of omega-3 fatty acids in the treatment of premenstrual syndrome: “A pilot trial”. Complement. Ther. Med. 2013, 21, 141–146. [Google Scholar] [CrossRef] [PubMed]

	



Behan, P.O.; Behan, W.M.; Horrobin, D.F. Effect of high doses of essential fatty acids on the postviral fatigue syndrome. Acta Neurol. Scand. 1990, 82, 209–216. [Google Scholar] [CrossRef] [PubMed]

	



Warren, G.; McKendrick, M.; Peet, M. The role of essential fatty acids in chronic fatigue syndrome. A case-controlled study of red-cell membrane essential fatty acids (EFA) and a placebo-controlled treatment study with high dose of efa. Acta Neurol. Scand. 1999, 99, 112–116. [Google Scholar] [CrossRef] [PubMed]

	



Zanarini, M.C.; Frankenburg, F.R. Omega-3 fatty acid treatment of women with borderline personality disorder: A double-blind, placebo-controlled pilot study. Am. J. Psychiatry 2003, 160, 167–169. [Google Scholar] [CrossRef] [PubMed]

	



Fux, M.; Benjamin, J.; Nemets, B. A placebo-controlled cross-over trial of adjunctive epa in ocd. J. Psychiatry Res. 2004, 38, 323–325. [Google Scholar] [CrossRef]

	



Hallahan, B.; Hibbeln, J.R.; Davis, J.M.; Garland, M.R. Omega-3 fatty acid supplementation in patients with recurrent self-harm. Single-centre double-blind randomised controlled trial. Br. J. Psychiatry 2007, 190, 118–122. [Google Scholar] [CrossRef] [PubMed]

	



Fenton, W.S.; Dickerson, F.; Boronow, J.; Hibbeln, J.R.; Knable, M. A placebo-controlled trial of omega-3 fatty acid (ethyl eicosapentaenoic acid) supplementation for residual symptoms and cognitive impairment in schizophrenia. Am. J. Psychiatry 2001, 158, 2071–2074. [Google Scholar] [CrossRef] [PubMed]

	



Chiu, C.C.; Su, K.P.; Cheng, T.C.; Liu, H.C.; Chang, C.J.; Dewey, M.E.; Stewart, R.; Huang, S.Y. The effects of omega-3 fatty acids monotherapy in Alzheimer’s disease and mild cognitive impairment: A preliminary randomized double-blind placebo-controlled study. Prog. Neuro-psychopharmacol. Biol. Psychiatry 2008, 32, 1538–1544. [Google Scholar] [CrossRef] [PubMed]

	



Freund-Levi, Y.; Basun, H.; Cederholm, T.; Faxen-Irving, G.; Garlind, A.; Grut, M.; Vedin, I.; Palmblad, J.; Wahlund, L.O.; Eriksdotter-Jonhagen, M. Omega-3 supplementation in mild to moderate alzheimer’s disease: Effects on neuropsychiatric symptoms. Int. J. Geriatr. Psychiatry 2008, 23, 161–169. [Google Scholar] [CrossRef] [PubMed]

	



Da Silva, T.M.; Munhoz, R.P.; Alvarez, C.; Naliwaiko, K.; Kiss, A.; Andreatini, R.; Ferraz, A.C. Depression in Parkinson’s disease: A double-blind, randomized, placebo-controlled pilot study of omega-3 fatty-acid supplementation. J. Affect. Disord. 2008, 111, 351–359. [Google Scholar] [CrossRef] [PubMed]

	



Carney, R.M.; Freedland, K.E.; Rubin, E.H.; Rich, M.W.; Steinmeyer, B.C.; Harris, W.S. Omega-3 augmentation of sertraline in treatment of depression in patients with coronary heart disease: A randomized controlled trial. J. Am. Med. Assoc. (JAMA) 2009, 302, 1651–1657. [Google Scholar] [CrossRef] [PubMed]

	



Bot, M.; Pouwer, F.; Assies, J.; Jansen, E.H.; Diamant, M.; Snoek, F.J.; Beekman, A.T.; de Jonge, P. 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. J. Affect. Disord. 2010, 126, 282–286. [Google Scholar] [CrossRef] [PubMed]

	



Giltay, E.J.; Geleijnse, J.M.; Kromhout, D. Effects of n-3 fatty acids on depressive symptoms and dispositional optimism after myocardial infarction. Am. J. Clin. Nutr. 2011, 94, 1442–1450. [Google Scholar] [CrossRef] [PubMed]

	



Bot, M.; Pouwer, F.; Assies, J.; Jansen, E.H.; Beekman, A.T.; de Jonge, P. Supplementation with eicosapentaenoic omega-3 fatty acid does not influence serum brain-derived neurotrophic factor in diabetes mellitus patients with major depression: A randomized controlled pilot study. Neuropsychobiology 2011, 63, 219–223. [Google Scholar] [CrossRef] [PubMed]

	



Andreeva, V.A.; Galan, P.; Torres, M.; Julia, C.; Hercberg, S.; Kesse-Guyot, E. Supplementation with b vitamins or n-3 fatty acids and depressive symptoms in cardiovascular disease survivors: Ancillary findings from the supplementation with folate, vitamins b-6 and b-12 and/or omega-3 fatty acids (su.Fol.Om3) randomized trial. Am. J. Clin. Nutr. 2012, 96, 208–214. [Google Scholar] [CrossRef] [PubMed]

	



Fontani, G.; Corradeschi, F.; Felici, A.; Alfatti, F.; Migliorini, S.; Lodi, L. Cognitive and physiological effects of omega-3 polyunsaturated fatty acid supplementation in healthy subjects. Eur. J. Clin. Investig. 2005, 35, 691–699. [Google Scholar] [CrossRef] [PubMed]

	



Van de Rest, O.; Geleijnse, J.M.; Kok, F.J.; van Staveren, W.A.; Hoefnagels, W.H.; Beekman, A.T.; de Groot, L.C. Effect of fish-oil supplementation on mental well-being in older subjects: A randomized, double-blind, placebo-controlled trial. Am. J. Clin. Nutr. 2008, 88, 706–713. [Google Scholar] [PubMed]

	



Antypa, N.; Van der Does, A.J.; Smelt, A.H.; Rogers, R.D. Omega-3 fatty acids (fish-oil) and depression-related cognition in healthy volunteers. J. Psychopharmacol. 2009, 23, 831–840. [Google Scholar] [CrossRef] [PubMed]

	



Kiecolt-Glaser, J.K.; Belury, M.A.; Andridge, R.; Malarkey, W.B.; Glaser, R. Omega-3 supplementation lowers inflammation and anxiety in medical students: A randomized controlled trial. Brain Behav. Immun. 2011, 25, 1725–1734. [Google Scholar] [CrossRef] [PubMed]

	



DeFina, L.F.; Marcoux, L.G.; Devers, S.M.; Cleaver, J.P.; Willis, B.L. Effects of omega-3 supplementation in combination with diet and exercise on weight loss and body composition. Am. J. Clin. Nutr. 2011, 93, 455–462. [Google Scholar] [CrossRef] [PubMed]

	



Kiecolt-Glaser, J.K.; Belury, M.A.; Andridge, R.; Malarkey, W.B.; Hwang, B.S.; Glaser, R. Omega-3 supplementation lowers inflammation in healthy middle-aged and older adults: A randomized controlled trial. Brain Behav. Immun. 2012, 26, 988–995. [Google Scholar] [CrossRef] [PubMed]

	



Parker, G.; Gibson, N.A.; Brotchie, H.; Heruc, G.; Rees, A.M.; Hadzi-Pavlovic, D. Omega-3 fatty acids and mood disorders. Am. J. Psychiatry 2006, 163, 969–978. [Google Scholar] [CrossRef] [PubMed]

	



Martins, J.G. Epa but not dha appears to be responsible for the efficacy of omega-3 long chain polyunsaturated fatty acid supplementation in depression: Evidence from a meta-analysis of randomized controlled trials. J. Am. Coll. Nutr. 2009, 28, 525–542. [Google Scholar] [CrossRef] [PubMed]

	



Freeman, M.P.; Fava, M.; Lake, J.; Trivedi, M.H.; Wisner, K.L.; Mischoulon, D. Complementary and alternative medicine in major depressive disorder: The american psychiatric association task force report. J. Clin. Psychiatry 2010, 71, 669–681. [Google Scholar] [CrossRef] [PubMed]

	



Sublette, M.E.; Ellis, S.P.; Geant, A.L.; Mann, J.J. Meta-analysis of the effects of eicosapentaenoic acid (EPA) in clinical trials in depression. J. Clin. Psychiatry 2011, 72, 1577–1584. [Google Scholar] [CrossRef] [PubMed]

	



Bloch, M.H.; Hannestad, J. Omega-3 fatty acids for the treatment of depression: Systematic review and meta-analysis. Mol. Psychiatry 2012, 17, 1272–1282. [Google Scholar] [CrossRef] [PubMed]

	



Lin, P.Y.; Mischoulon, D.; Freeman, M.P.; Matsuoka, Y.; Hibbeln, J.; Belmaker, R.H.; Su, K.P. Are omega-3 fatty acids antidepressants or just mood-improving agents? The effect depends upon diagnosis, supplement preparation, and severity of depression. Mol. Psychiatry 2012, 17, 1161–1163. [Google Scholar] [CrossRef] [PubMed]

	



Grosso, G.; Pajak, A.; Marventano, S.; Castellano, S.; Galvano, F.; Bucolo, C.; Drago, F.; Caraci, F. Role of omega-3 fatty acids in the treatment of depressive disorders: A comprehensive meta-analysis of randomized clinical trials. PLoS ONE 2014, 9, e96905. [Google Scholar]

	



Li, F.; Liu, X.; Zhang, D. Fish consumption and risk of depression: A meta-analysis. J. Epidemiol. Commun. Health 2015. [Google Scholar] [CrossRef] [PubMed]

	



Nemets, H.; Nemets, B.; Apter, A.; Bracha, Z.; Belmaker, R.H. Omega-3 treatment of childhood depression: A controlled, double-blind pilot study. Am. J. Psychiatry 2006, 163, 1098–1100. [Google Scholar] [CrossRef] [PubMed]

	



Martins, J.G.; Bentsen, H.; Puri, B.K. 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, 17, 1144–1149. [Google Scholar] [CrossRef] [PubMed]

	



Chiu, C.C.; Huang, S.Y.; Su, K.P. Omega-3 polyunsaturated fatty acids for postpartum depression. Am. J. Obstet. Gynecol. 2004, 190, 582–583. [Google Scholar] [CrossRef] [PubMed]

	



Chiu, C.C.; Huang, S.Y.; Shen, W.W.; Su, K.P. Omega-3 fatty acids for depression in pregnancy. Am. J. Psychiatry 2003, 160, 385. [Google Scholar] [CrossRef] [PubMed]

	



McNamara, R.K.; Jandacek, R.; Tso, P.; Dwivedi, Y.; Ren, X.; Pandey, G.N. Lower docosahexaenoic acid concentrations in the postmortem prefrontal cortex of adult depressed suicide victims compared with controls without cardiovascular disease. J. Psychiatry Res. 2013, 47, 1187–1191. [Google Scholar] [CrossRef] [PubMed]

	



Gharekhani, A.; Khatami, M.R.; Dashti-Khavidaki, S.; Razeghi, E.; Noorbala, A.A.; Hashemi-Nazari, S.S.; Mansournia, M.A. The effect of omega-3 fatty acids on depressive symptoms and inflammatory markers in maintenance hemodialysis patients: A randomized, placebo-controlled clinical trial. Eur. J. Clin. Pharmacol. 2014, 70, 655–665. [Google Scholar] [CrossRef] [PubMed]

	



Su, K.P.; Lai, H.C.; Yang, H.T.; Su, W.P.; Peng, C.Y.; Chang, J.P.; Chang, H.C.; Pariante, C.M. Omega-3 fatty acids in the prevention of interferon-alpha-induced depression: Results from a randomized, controlled trial. Biol. Psychiatry 2014, 76, 559–566. [Google Scholar] [CrossRef] [PubMed]

	



Lang, U.E.; Borgwardt, S. Molecular mechanisms of depression: Perspectives on new treatment strategies. Cell. Physiol. Biochem. 2013, 31, 761–777. [Google Scholar] [CrossRef] [PubMed]

	



Berger, G.E.; Proffitt, T.M.; McConchie, M.; Yuen, H.; Wood, S.J.; Amminger, G.P.; Brewer, W.; McGorry, P.D. Ethyl-eicosapentaenoic acid in first-episode psychosis: A randomized, placebo-controlled trial. J. Clin. Psychiatry 2007, 68, 1867–1875. [Google Scholar] [CrossRef] [PubMed]

	



Fusar-Poli, P.; Berger, G. Eicosapentaenoic acid interventions in schizophrenia: Meta-analysis of randomized, placebo-controlled studies. J. Clin. Psychopharmacol. 2012, 32, 179–185. [Google Scholar] [CrossRef] [PubMed]

	



Amminger, G.P.; Schafer, M.R.; Papageorgiou, K.; Klier, C.M.; Cotton, S.M.; Harrigan, S.M.; Mackinnon, A.; McGorry, P.D.; Berger, G.E. Long-chain omega-3 fatty acids for indicated prevention of psychotic disorders: A randomized, placebo-controlled trial. Arch. Gen. Psychiatry 2010, 67, 146–154. [Google Scholar] [CrossRef] [PubMed]

	



Markulev, C.; McGorry, P.D.; Nelson, B.; Yuen, H.P.; Schaefer, M.; Yung, A.R.; Thompson, A.; Berger, G.; Mossaheb, N.; Schlogelhofer, M.; et al. Neurapro-e study protocol: A multicentre randomized controlled trial of omega-3 fatty acids and cognitive-behavioural case management for patients at ultra high risk of schizophrenia and other psychotic disorders. Early Interv. Psychiatry 2015. [Google Scholar] [CrossRef] [PubMed]

	



McGorry, P.D.; Goldstone, S.; Berger, G.E.; Chen, E.; de Haan, L.; Hickie, I.; Markulev, C.; Mossaheb, N.; Nelson, B.; Nieman, D.; et al. The neurapro-e study: A multicentre rct of omega-3 fatty acids and cognitive-behavioral case management for patients at ultra-high risk of psychosis (o8.2). In Proceedings of the 5th Biennial SIRS Conference, Florence, Italy, 2–6 April 2016; Schizophrenia International Research Society/Nature Publishing Group: Florence, Italy, 2016; Volume 2, p. 24. [Google Scholar]

	



Bloch, M.H.; Qawasmi, A. Omega-3 fatty acid supplementation for the treatment of children with attention-deficit/hyperactivity disorder symptomatology: Systematic review and meta-analysis. J. Am. Acad. Child Adolesc. Psychiatry 2011, 50, 991–1000. [Google Scholar] [CrossRef] [PubMed]

	



Sonuga-Barke, E.J.; Brandeis, D.; Cortese, S.; Daley, D.; Ferrin, M.; Holtmann, M.; Stevenson, J.; Danckaerts, M.; van der Oord, S.; Dopfner, M.; et al. Nonpharmacological interventions for adhd: Systematic review and meta-analyses of randomized controlled trials of dietary and psychological treatments. Am. J. Psychiatry 2013, 170, 275–289. [Google Scholar] [CrossRef] [PubMed]

	



Su, K.P.; Shen, W.W.; Huang, S.Y. Are omega3 fatty acids beneficial in depression but not mania? Arch. Gen. Psychiatry 2000, 57, 716–717. [Google Scholar] [CrossRef] [PubMed]

	



Bellino, S.; Bozzatello, P.; Rocca, G.; Bogetto, F. Efficacy of omega-3 fatty acids in the treatment of borderline personality disorder: A study of the association with valproic acid. J. Psychopharmacol. 2014, 28, 125–132. [Google Scholar] [CrossRef] [PubMed]

	



Gesch, C.B.; Hammond, S.M.; Hampson, S.E.; Eves, A.; Crowder, M.J. Influence of supplementary vitamins, minerals and essential fatty acids on the antisocial behaviour of young adult prisoners. Randomised, placebo-controlled trial. Br. J. Psychiatry 2002, 181, 22–28. [Google Scholar] [CrossRef] [PubMed]

	



Raine, A.; Portnoy, J.; Liu, J.; Mahoomed, T.; Hibbeln, J.R. Reduction in behavior problems with omega-3 supplementation in children aged 8–16 years: A randomized, double-blind, placebo-controlled, stratified, parallel-group trial. J. Child Psychol. Psychiatry 2015, 56, 509–520. [Google Scholar] [CrossRef] [PubMed]

	



Grosso, G.; Galvano, F.; Marventano, S.; Malaguarnera, M.; Bucolo, C.; Drago, F.; Caraci, F. Omega-3 fatty acids and depression: Scientific evidence and biological mechanisms. Oxid. Med. Cell. Longev. 2014, 2014, 313570. [Google Scholar] [CrossRef] [PubMed]

	



Gold, P.W. The organization of the stress system and its dysregulation in depressive illness. Mol. Psychiatry 2015, 20, 32–47. [Google Scholar] [CrossRef] [PubMed]

	



El-Ansary, A.K.; Al-Daihan, S.K.; El-Gezeery, A.R. On the protective effect of omega-3 against propionic acid-induced neurotoxicity in rat pups. Lipids Health Dis. 2011, 10, 142. [Google Scholar] [CrossRef] [PubMed]

	



Song, C.; Li, X.; Kang, Z.; Kadotomi, Y. Omega-3 fatty acid ethyl-eicosapentaenoate attenuates il-1beta-induced changes in dopamine and metabolites in the shell of the nucleus accumbens: Involved with pla2 activity and corticosterone secretion. Neuropsychopharmacology 2007, 32, 736–744. [Google Scholar] [CrossRef] [PubMed]

	



Goshen, I.; Kreisel, T.; Ben-Menachem-Zidon, O.; Licht, T.; Weidenfeld, J.; Ben-Hur, T.; Yirmiya, R. Brain interleukin-1 mediates chronic stress-induced depression in mice via adrenocortical activation and hippocampal neurogenesis suppression. Mol. Psychiatry 2008, 13, 717–728. [Google Scholar] [CrossRef] [PubMed]

	



Larrieu, T.; Hilal, M.L.; Fourrier, C.; De Smedt-Peyrusse, V.; Sans, N.; Capuron, L.; Laye, S. Nutritional omega-3 modulates neuronal morphology in the prefrontal cortex along with depression-related behaviour through corticosterone secretion. Transl. Psychiatry 2014, 4, e437. [Google Scholar] [CrossRef] [PubMed]

	



Mocking, R.J.; Ruhe, H.G.; Assies, J.; Lok, A.; Koeter, M.W.; Visser, I.; Bockting, C.L.; Schene, A.H. Relationship between the hypothalamic-pituitary-adrenal-axis and fatty acid metabolism in recurrent depression. Psychoneuroendocrinology 2013, 38, 1607–1617. [Google Scholar] [CrossRef] [PubMed]

	



Assies, J.; Mocking, R.J.; Lok, A.; Ruhe, H.G.; Pouwer, F.; Schene, A.H. Effects of oxidative stress on fatty acid- and one-carbon-metabolism in psychiatric and cardiovascular disease comorbidity. Acta Psychiatry Scand. 2014, 130, 163–180. [Google Scholar] [CrossRef] [PubMed]

	



Mocking, R.J.; Verburg, H.F.; Westerink, A.M.; Assies, J.; Vaz, F.M.; Koeter, M.W.; Ruhe, H.G.; Schene, A.H. Fatty acid metabolism and its longitudinal relationship with the hypothalamic-pituitary-adrenal axis in major depression: Associations with prospective antidepressant response. Psychoneuroendocrinology 2015, 59, 1–13. [Google Scholar] [CrossRef] [PubMed]

	



McNamara, R.K.; Vannest, J.J.; Valentine, C.J. Role of perinatal long-chain omega-3 fatty acids in cortical circuit maturation: Mechanisms and implications for psychopathology. World J. Psychiatry 2015, 5, 15–34. [Google Scholar] [PubMed]

	



McNamara, R.K.; Carlson, S.E. Role of omega-3 fatty acids in brain development and function: Potential implications for the pathogenesis and prevention of psychopathology. Prostaglandins Leukot. Essent. Fat. Acids 2006, 75, 329–349. [Google Scholar] [CrossRef] [PubMed]

	



Bourre, J.M. Roles of unsaturated fatty acids (especially omega-3 fatty acids) in the brain at various ages and during ageing. J. Nutr. Health Aging 2004, 8, 163–174. [Google Scholar] [PubMed]

	



Janssen, C.I.; Kiliaan, A.J. Long-chain polyunsaturated fatty acids (LCPUFA) from genesis to senescence: The influence of lcpufa on neural development, aging, and neurodegeneration. Prog. Lipid Res. 2013, 53, 1–17. [Google Scholar] [CrossRef] [PubMed]

	



Pudell, C.; Vicente, B.A.; Delattre, A.M.; Carabelli, B.; Mori, M.A.; Suchecki, D.; Machado, R.B.; Zanata, S.M.; Visentainer, J.V.; de Oliveira Santos Junior, O.; et al. Fish oil improves anxiety-like, depressive-like and cognitive behaviors in olfactory bulbectomised rats. Eur. J. Neurosci. 2014, 39, 266–274. [Google Scholar] [CrossRef] [PubMed]

	



Peters, B.D.; Voineskos, A.N.; Szeszko, P.R.; Lett, T.A.; DeRosse, P.; Guha, S.; Karlsgodt, K.H.; Ikuta, T.; Felsky, D.; John, M.; et al. Brain white matter development is associated with a human-specific haplotype increasing the synthesis of long chain fatty acids. J. Neurosci. 2014, 34, 6367–6376. [Google Scholar] [CrossRef] [PubMed]

	



Song, C.; Wang, H. Cytokines mediated inflammation and decreased neurogenesis in animal models of depression. Prog. Neuro-psychopharmacol. Biol. Psychiatry 2011, 35, 760–768. [Google Scholar] [CrossRef] [PubMed]

	



Song, C.; Zhang, X.Y.; 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-eicosapentaenoate treatment. J. Neurosci. 2009, 29, 14–22. [Google Scholar] [CrossRef] [PubMed]

	



Carlezon, W.A., Jr.; Mague, S.D.; Parow, A.M.; Stoll, A.L.; Cohen, B.M.; Renshaw, P.F. Antidepressant-like effects of uridine and omega-3 fatty acids are potentiated by combined treatment in rats. Biol. Psychiatry 2005, 57, 343–350. [Google Scholar] [CrossRef] [PubMed]

	



Huang, S.Y.; Yang, H.T.; Chiu, C.C.; Pariante, C.M.; Su, K.P. Omega-3 fatty acids on the forced-swimming test. J. Psychiatry Res. 2008, 42, 58–63. [Google Scholar] [CrossRef] [PubMed]

	



Bartl, J.; Walitza, S.; Grunblatt, E. Enhancement of cell viability after treatment with polyunsaturated fatty acids. Neurosci. Lett. 2014, 559, 56–60. [Google Scholar] [CrossRef] [PubMed]

	



Delion, S.; Chalon, S.; Guilloteau, D.; Besnard, J.C.; Durand, G. Alpha-linolenic acid dietary deficiency alters age-related changes of dopaminergic and serotoninergic neurotransmission in the rat frontal cortex. J. Neurochem. 1996, 66, 1582–1591. [Google Scholar] [CrossRef] [PubMed]

	



Delion, S.; Chalon, S.; Guilloteau, D.; Lejeune, B.; Besnard, J.C.; Durand, G. Age-related changes in phospholipid fatty acid composition and monoaminergic neurotransmission in the hippocampus of rats fed a balanced or an n-3 polyunsaturated fatty acid-deficient diet. J. Lipid Res. 1997, 38, 680–689. [Google Scholar] [PubMed]

	



Zimmer, L.; Delion-Vancassel, S.; Durand, G.; Guilloteau, D.; Bodard, S.; Besnard, J.C.; Chalon, S. Modification of dopamine neurotransmission in the nucleus accumbens of rats deficient in n-3 polyunsaturated fatty acids. J. Lipid Res. 2000, 41, 32–40. [Google Scholar] [PubMed]

	



Yao, J.K.; Magan, S.; Sonel, A.F.; Gurklis, J.A.; Sanders, R.; Reddy, R.D. Effects of omega-3 fatty acid on platelet serotonin responsivity in patients with schizophrenia. Prostaglandins Leukot. Essent. Fat. Acids 2004, 71, 171–176. [Google Scholar] [CrossRef] [PubMed]

	



Song, C.; Horrobin, D. Omega-3 fatty acid ethyl-eicosapentaenoate, but not soybean oil, attenuates memory impairment induced by central il-1beta administration. J. Lipid Res. 2004, 45, 1112–1121. [Google Scholar] [CrossRef] [PubMed]

	



Chalon, S. Omega-3 fatty acids and monoamine neurotransmission. Prostaglandins Leukot. Essent. Fat. Acids 2006, 75, 259–269. [Google Scholar] [CrossRef] [PubMed]

	



McNamara, R.K.; Able, J.; Liu, Y.; Jandacek, R.; Rider, T.; Tso, P.; Lipton, J.W. Omega-3 fatty acid deficiency during perinatal development increases serotonin turnover in the prefrontal cortex and decreases midbrain tryptophan hydroxylase-2 expression in adult female rats: Dissociation from estrogenic effects. J. Psychiatry Res. 2009, 43, 656–663. [Google Scholar] [CrossRef] [PubMed]

	



Hibbeln, J.R.; Linnoila, M.; Umhau, J.C.; Rawlings, R.; George, D.T.; Salem, N., Jr. 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, 235–242. [Google Scholar] [CrossRef]

	



Hibbeln, J.R.; Umhau, J.C.; Linnoila, M.; George, D.T.; Ragan, P.W.; Shoaf, S.E.; Vaughan, M.R.; Rawlings, R.; Salem, N., Jr. A replication study of violent and nonviolent subjects: Cerebrospinal fluid metabolites of serotonin and dopamine are predicted by plasma essential fatty acids. Biol. Psychiatry 1998, 44, 243–249. [Google Scholar] [CrossRef]

	



Serhan, C.N. Pro-resolving lipid mediators are leads for resolution physiology. Nature 2014, 510, 92–101. [Google Scholar] [CrossRef] [PubMed]

	



Freeman, M.P.; Rapaport, M.H. Omega-3 fatty acids and depression: From cellular mechanisms to clinical care. J. Clin. Psychiatry 2011, 72, 258–259. [Google Scholar] [CrossRef] [PubMed]

	



Maes, M.; Mihaylova, I.; Kubera, M.; Bosmans, E. Why fish oils may not always be adequate treatments for depression or other inflammatory illnesses: Docosahexaenoic acid, an omega-3 polyunsaturated fatty acid, induces a th-1-like immune response. Neuro Endocrinol. Lett. 2007, 28, 875–880. [Google Scholar] [PubMed]

	



Muller, N.; Myint, A.M.; Schwarz, M.J. The impact of neuroimmune dysregulation on neuroprotection and neurotoxicity in psychiatric disorders—Relation to drug treatment. Dialog. Clin. Neurosci. 2009, 11, 319–332. [Google Scholar]

	



Berger, G.E.; Wood, S.J.; Wellard, R.M.; Proffitt, T.M.; McConchie, M.; Amminger, G.P.; Jackson, G.D.; Velakoulis, D.; Pantelis, C.; McGorry, P.D. Ethyl-eicosapentaenoic acid in first-episode psychosis. A 1 h-mrs study. Neuropsychopharmacology 2008, 33, 2467–2473. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Duffy, S.L.; Lagopoulos, J.; Cockayne, N.; Lewis, S.J.; Hickie, I.B.; Hermens, D.F.; Naismith, S.L. The effect of 12-wk omega-3 fatty acid supplementation on in vivo thalamus glutathione concentration in patients “at risk” for major depression. Nutrition 2015, 31, 1247–1254. [Google Scholar] [CrossRef] [PubMed]

	



Smesny, S.; Milleit, B.; Schaefer, M.R.; Hipler, U.C.; Milleit, C.; Wiegand, C.; Hesse, J.; Klier, C.M.; Holub, M.; Holzer, I.; et al. Effects of omega-3 pufa on the vitamin e and glutathione antioxidant defense system in individuals at ultra-high risk of psychosis. Prostaglandins Leukot. Essent. Fat. Acids 2015, 101, 15–21. [Google Scholar] [CrossRef] [PubMed]

	



Said, T.; Tremblay-Mercier, J.; Berrougui, H.; Rat, P.; Khalil, A. Effects of vegetable oils on biochemical and biophysical properties of membrane retinal pigment epithelium cells. Can. J. Physiol. Pharmacol. 2013, 91, 812–817. [Google Scholar] [CrossRef] [PubMed]

	



Onuki, Y.; Morishita, M.; Chiba, Y.; Tokiwa, S.; Takayama, K. Docosahexaenoic acid and eicosapentaenoic acid induce changes in the physical properties of a lipid bilayer model membrane. Chem. Pharm. Bull. 2006, 54, 68–71. [Google Scholar] [CrossRef] [PubMed]

	



Wood, S.J.; Cocchi, L.; Proffitt, T.M.; McConchie, M.; Jackson, G.D.; Takahashi, T.; Pantelis, C.; McGorry, P.D.; Berger, G.E. Neuroprotective effects of ethyl-eicosapentaenoic acid in first episode psychosis: A longitudinal t2 relaxometry pilot study. Psychiatry Res. 2010, 182, 180–182. [Google Scholar] [CrossRef] [PubMed]

	



Gillies, D.; Sinn, J.; Lad, S.S.; Leach, M.J.; Ross, M.J. Polyunsaturated fatty acids (PUFA) for attention deficit hyperactivity disorder (ADHD) in children and adolescents. Cochrane Database Syst. Rev. 2012, 7, CD007986. [Google Scholar] [PubMed]





© 2016 by the author; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).







nav.xhtml


  jcm-05-00069


  
    		
      jcm-05-00069
    


  




  





