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Abstract 
Does it matter what we eat for our mental health? Accumulating data suggests that this may 
indeed be the case and that diet and nutrition are not only critical for human physiology and 
body composition, but also have significant effects on mood and mental wellbeing. While the 
determining factors of mental health are complex, increasing evidence indicates a strong asso- 
ciation between a poor diet and the exacerbation of mood disorders, including anxiety and 
depression, as well as other neuropsychiatric conditions. There are common beliefs about 
the health effects of certain foods that are not supported by solid evidence and the scien- 
tific evidence demonstrating the unequivocal link between nutrition and mental health is only 
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beginning to emerge. Current epidemiological data on nutrition and mental health do not pro- 
vide information about causality or underlying mechanisms. Future studies should focus on 
elucidating mechanism. Randomized controlled trials should be of high quality, adequately 
powered and geared towards the advancement of knowledge from population-based obser- 
vations towards personalized nutrition. Here, we provide an overview of the emerging field of 
nutritional psychiatry, exploring the scientific evidence exemplifying the importance of a well- 
balanced diet for mental health. We conclude that an experimental medicine approach and 
a mechanistic understanding is required to provide solid evidence on which future policies on 
diet and nutrition for mental health can be based. 
© 2019 The Author(s). Published by Elsevier B.V. This is an open access article under the CC 
BY-NC-ND license. ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. The limited scientific evidence base for 
nutritional advice on mental health 

Information in the popular press about the link between nu-
trition and mental health is increasingly invading our daily
lives, whether the goal is to improve mood, enhance cogni-
tive function, prevent its decline, or even provide beneficial
effects in certain brain diseases, including neuropsychiatric
conditions such as epilepsy, attention deficit hyperactivity
disorder (ADHD) and autism. 

There appears to be a general belief that dietary advice
for mental health is framed around a solid scientific evi-
dence base. In reality, for many such claims, it is very dif-
ficult to prove that specific diets or specific dietary compo-
nents contribute to mental health either by causing, pre-
venting or treating disease. 

Neuropsychiatric disorders represent some of the most
pressing societal challenges of our time, and all data show
that the burden of mood-disorders, stress-induced cogni-
tive vulnerabilities and psychiatric disorders will continue
to rise in Europe and globally over the coming decades. Ef-
fective preventative strategies are of critical importance to
the public health domain. Research on diet as a crucial con-
tributing determinant to mental health, while difficult to
perform and hard to interpret, is urgently needed. 

The composition, structure and function of the brain
are dependent on the availability of appropriate nutri-
ents, including lipids, amino acids, vitamins and minerals
( Castro et al., 2018 ; Delpech et al., 2015b ; Lepinay et al.,
2015 ). It is therefore logical that food intake and food
quality would have an impact on brain function, which
makes diet a modifiable variable to target mental health,
mood and cognitive performance ( de la Torre et al., 2016 ;
Dinan et al., 2018 ). In addition, endogenous gut hormones,
neuropeptides, neurotransmitters, and the gut microbiota,
are affected directly by the composition of the diet ( El Aidy
et al., 2015 ; Sandhu et al., 2017 ; Schellekens et al., 2012 ;
Torres-Fuentes et al., 2017 ; van de Wouw et al., 2017 ). 

Cross-sectional population-based epidemiological studies
can provide information on nutrients and diets that are as-
sociated with mental health and disease, but they do not
demonstrate cause, benefit or remedy. With some notable
exceptions, properly controlled dietary intervention stud-
ies of sufficient duration and specificity that demonstrate
beneficial effects for mental health are lacking. Interven-
tion studies are often limited methodologically due to small
Please cite this article as: R.A.H. Adan, E.M. van der Beek and J.K. B
health by what you eat, European Neuropsychopharmacology, https://d
sample sizes, heterogeneity within the samples, lack of
biomarkers to adequately stratify within and across pop-
ulations, difficulties in blinding participants to the nature
of a nutritional intervention and a lack of randomized al-
location to treatment conditions and/or a lack of blinded
observers. In general, the small effect sizes of nutritional
interventions in healthy adults may render their detection
difficult. However, we have reason for optimism, as under
conditions of impaired functioning or disease, the effects of
nutritional interventions could be substantial. Specific nu-
tritional needs under disease conditions or specific nutrient
deficiencies (or excess) in the diet may contribute to dis-
ease progression or severity or trigger disease development.
The emergence of the new research field “Nutritional Psy-
chiatry ” ( Sarris et al., 2015a ) offers promise in identifying
which dietary components are truly important for mental
health, including in psychiatric disease, as well as to whom,
under which circumstances and at which specific dosages
these nutritional interventions have preventative and ther-
apeutic efficacy. 

2. Evidence from meta-analyses that food 

affects mental health 

Scientific findings demonstrating the unequivocal link be-
tween nutrition and mental health are only beginning to
emerge. Nevertheless, several studies have reported strong
correlations between a healthy diet and mental well-being,
which can help to inform future recommendations on diet
( Dinan et al., 2018 ). For example, increased consumption of
a diet rich in fresh fruits and vegetables has been associated
with increased reported happiness and higher levels of men-
tal health and well-being ( Conner et al., 2017 ; Emerson and
Carbert, 2019 ; Fresan et al., 2019 ; Moreno-Agostino et al.,
2019 ; Mujcic and Oswald, 2016 ). 

There have been several systematic reviews and meta-
analyses exploring the relationship between nutrition and
mental health. For example, an analysis of four cohorts and
nine cross-sectional studies, showed that a reduced likeli-
hood of depression was associated with increased intake of
a ‘healthy diet’, defined as a diet high in fruit, vegetables,
fish and whole grains ( Lai et al., 2014 ). The second meta-
analysis, consisting of eight cohort studies and one case
control, linked a reduced risk of depression with adherence
to the Mediterranean diet ( Psaltopoulou et al., 2013 ). More
uitelaar et al., Nutritional psychiatry: Towards improving mental 
oi.org/10.1016/j.euroneuro.2019.10.011 
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ecently, a systematic review combining a total of 20 longi-
udinal and 21 cross-sectional studies, provided compelling 
vidence that a Mediterranean diet can confer a protective 
ffect against depression ( Lassale et al., 2018 ). In addition,
 meta-analysis of 16 randomized controlled trials also in- 
icated that dietary interventions hold promise to reduce 
epression incidence ( Firth et al., 2019 ). In contrast, a re-
ent meta-analysis of cohort studies revealed no significant 
ssociation between adherence to the Mediterranean diet 
nd risk of depression ( Shafiei et al., 2019 ). However, when
ross-sectional studies were analyzed an inverse significant 
ssociation was found between depression odds and the ad- 
erence to the Mediterranean diet. Together, these stud- 
es provide a reasonable evidence base to further investi- 
ate the effect of specific dietary interventions on mental 
ealth. 

. Deficiencies in vitamins and 

isease-specific diets impacting on mental 
ealth 

 prominent example of a dietary intervention that affects 
rain health is the ketogenic diet for children with epilepsy 
 Neal et al., 2008 ). In this example, the mechanism is un-
nown, but the reduced epileptic seizures under fasting 
onditions, when ketone bodies provide the energy for the 
rain, suggest that an altered energy supply may be in-
trumental ( Morris, 2005 ). Phenylketonurea is another ex- 
mple for which an elimination diet prevents cognitive de- 
line ( Borghi et al., 2019 ). In addition, studies have shown
hat deficiencies of various nutrients, primarily vitamins, 
mpair cognition ( Gaudio et al., 2016 ; Giannunzio et al.,
018 ). The link is strongest for vitamin B12 (its deficiency
auses fatigue, lethargy, depression, poor memory and is 
ssociated with mania and psychosis) ( Smith et al., 2018 ;
angney et al., 2011 ), thiamine (vitamin B1; its deficiency 
auses beriberi with numbness as CNS symptom and Wer- 
icke’s encephalopathy), folic acid (vitamin B9; its de- 
ciency has detrimental effects on neurodevelopment in 
tero and in infancy; and deficits are associated with a 
reater risk of depression during adulthood ( Black, 2008 ; 
nderami et al., 2018 ), and niacin (vitamin B3; its deficiency
auses Pellagra with dementia as a result) ( Hegyi et al.,
004 ). Yet even for these deficiencies, the role of mild "sub-
linical" or multiple mild deficiencies in the genesis of men-
al dysfunction is unclear. For example, the effect of vita-
in D on mental health has been assessed in several tri-
ls with conflicting results. Higher serum vitamin D con- 
entrations have been associated with better attention and 
orking memory performance in community-dwelling older 
dults, aged 65 years and older ( Brouwer-Brolsma et al.,
015 ). Throughout childhood, adolescence and adulthood 
andomized controlled trials (RCTs) have – albeit not uni- 
ormly - provided evidence for an effect of vitamin D supple-
entation on depression ( Focker et al., 2017 ); an effect on
ttention deficit/hyperactivity disorder has also been sug- 
ested ( Mohammadpour et al., 2018 ). Based on cutoffs de-
ived from assessment of bone health, a substantial pro- 
ortion of the general population has a vitamin D defi-
iency, which underscores the necessity of providing conclu- 
ive evidence for its efficacy in neuropsychiatric disorders. A 
Please cite this article as: R.A.H. Adan, E.M. van der Beek and J.K. B
health by what you eat, European Neuropsychopharmacology, https://d
ealthy diet, rich in polyphenols, and polyunsaturated fatty 
cids (PUFAs) and nutritional supplements including vita- 
ins, has been reported to exert favorable effects on men-
al health, including on cognitive performance, mood, stress 
eactivity and neuroinflammation ( Bazinet and Laye, 2014 ;
irth et al., 2018 ; McGrattan et al., 2019 ; Pusceddu et al.,
015 ; Rapaport et al., 2016 ),particularly in conditions as-
ociated with high levels of inflammation e.g. liver dis-
ases ( Su et al., 2014 ) and in older adults ( Delpech et al.,
015a , 2015c ; Labrousse et al., 2012 ; Larrieu et al., 2014 ;
epinay et al., 2015 ; Zamroziewicz et al., 2017 ). 

. Diets for ADHD and autism 

everal dietary interventions have been studied in ADHD. A
eta-analysis across 20 studies including 794 participants 
ound a small effect size of elimination of food additives
ased on parent reports, 0.18, that however decreased to
.12 when taking into account possible publication bias 
 Nigg et al., 2012 ). Also, more rigorous elimination diets
ave been shown to be effective in several randomized clin-
cal trials. Two independent meta-analyses reported effect 
izes of 0.29 to 0.51 across 6 controlled trials ( Nigg et al.,
012 ; Sonuga-Barke et al., 2013 ), and concluded that ap-
roximately one third of the children with ADHD were re-
ponsive ( > 40% symptom reduction) ( Nigg et al., 2012 ).
upplementation of free fatty acids has also been associ- 
ted with a small but reliable reduction of ADHD symp-
oms, with effect sizes varying from 0.18 to 0.31, accord-
ng to meta-analyses ( Bloch and Qawasmi, 2011 ; Sonuga-
arke et al., 2013 ). Supplementation with micronutrients 
i.e. vitamins and minerals) has been associated with less 
ggression and better emotion-regulation in children with 
DHD ( Rucklidge et al., 2018 ). Moreover, a recent meta-
nalysis suggested that a diet high in refined sugar and sat-
rated fat may manifest an increased risk for ADHD or hy-
eractivity, in contrast to the potential protective effect 
f a diet high in fruits and vegetables ( Del-Ponte et al.,
019 ). Nevertheless, it was also highlighted that the low
umber of the studies available in the literature together
ith design limitations weaken the current evidence and 
ongitudinal studies need to be performed going forward. 
esults of nutritional interventions (ranging from supple- 
entation with vitamin D and micronutrients to gluten-free 
nd casein-free) in autism are also very diverse, and have
ot been subjected to rigorous meta-analyses. Thus, partic- 
larly in autism, better controlled studies are required and
ultiple mechanisms may explain efficacy ( Ly et al., 2017 ). 

. Towards diets for mental health 

verall, there is a paucity of RCTs investigating the ef-
ectiveness of dietary change in the treatment of men-
al health. One of the first intervention studies performed
o date, involved a 12 week Mediterranean diet. Signifi-
ant improvements in mood and reduced anxiety levels in
dults with major depression were reported ( Jacka et al.,
018 , 2017 ). More recent RCTs confirmed the benefits of
editerranean-style diet on mental health in depression, 
amely the HELFIMED ( Parletta et al., 2019 ) and PREDI_DEP
uitelaar et al., Nutritional psychiatry: Towards improving mental 
oi.org/10.1016/j.euroneuro.2019.10.011 
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( Sanchez-Villegas et al., 2019 ) trials. In contrast, multi-
nutrient supplementation in the MooDFOOD RCT did not re-
duce episodes of major depression in overweight or obese
adults with subsyndromal depressive symptoms ( Berk and
Jacka, 2019 ; Bot et al., 2019 ). This highlights that advance
nutritional psychiatry, it will be important to replicate,
refine and scale-up dietary intervention studies aimed at
prevention and treatment of common disorders of mental
health. In addition, there is an unmet need for more ran-
domized controlled clinical trials. Collectively, the afore-
mentioned clinical trials provide specific examples for which
it is possible to alter brain function and mental health by
specific dietary interventions. An important future step will
be to discover the metabolic and cellular processes that
connect nutrition to brain function in health and in dis-
ease. We also need to establish whether specific nutrients
or dietary patterns of whole foods have beneficial effects
on mental health ( Gibson-Smith et al., 2019 ). Experimen-
tal medicine approaches can also help to assess effects of
dietary interventions; in order to optimize our selection of
nutrients/diets to be tested in expensive and lengthy inter-
ventions, we must make the best use of current knowledge
including the choice of appropriate biomarkers. 

6. Diet, mental health and cognition across 
the lifespan 

Early life development sets the stage for later develop-
ment and may influence individual susceptibility for dis-
ease. Therefore, a personalization of nutrition for mental
health should take early life development into account. Any
effects of nutritional intervention during the period of early
brain growth (the so-called first 1000 days, e.g. from con-
ception until 2 years of age) may have a larger impact on
later health than do interventions later in life. Progress will
also be made through increasing fundamental understanding
of how nutrients affect signaling processes that are impor-
tant for brain function, such as metabolic, endocrine, and
immune and other signaling processes, including those that
act via the gut microbiota ( Dinan et al., 2018 ; Fernandez-
Real et al., 2015 ; Wang et al., 2018b ). 

In newborn humans, the brain represents about 13%
of lean body weight and its further growth and devel-
opment is subject to both energetic and nutritional con-
straints ( Cunnane and Crawford, 2014 ). Reliable access to
an adequate dietary supply during this period of rapid
growth is essential. To date, a major focus in the area
of nutritional psychiatry has been on the cognitive im-
pairments evoked by early-life malnutrition ( Innis, 2008 ;
Laus et al., 2011 ; McNamara and Carlson, 2006 ; Prado and
Dewey, 2014 ; Schwarzenberg and Georgieff, 2018 ). Early-
life nutrition in rodents and humans has been shown to af-
fect cognitive function later in life ( Ahmed et al., 2014 ;
Bhutta et al., 2017 ; de Groot et al., 2011 ; Dimov et al.,
2019 ; Esteban-Gonzalo et al., 2019 ; Innis, 2008 ; Laus et al.,
2011 ; Lumey et al., 2011 ; Mallorqui-Bague et al., 2018 ;
McNamara and Carlson, 2006 ; Novak et al., 2008 ; Prado and
Dewey, 2014 ; Pusceddu et al., 2015 ; Roy et al., 2012 ). In ad-
dition, vulnerable groups at increased risk for neurological
impairment such as preterm born infants or small for gesta-
tional age (SGA) infants born term ( Castanys-Munoz et al.,
Please cite this article as: R.A.H. Adan, E.M. van der Beek and J.K. B
health by what you eat, European Neuropsychopharmacology, https://d
2017 ; Ong et al., 2015 ), support a direct link between nutri-
tional status and the risk for neurological impairments. 

Although all nutrients are necessary for brain growth, key
nutrients that support neurodevelopment include protein,
iron, choline, folate, iodine, vitamins A, D, B6, and B12
and long-chain polyunsaturated fatty acids ( Georgieff et al.,
2018 ). Experimental studies show that the cyto-architecture
of the cerebral cortex can be irreversibly disturbed in iodine
deficiency during fetal development causing abnormal neu-
ron migratory patterns which are associated with cognitive
impairment in children. Iron deficiency anemia during in-
fancy has been shown to be associated with alterations in
brain connectivity ( Velasco et al., 2018 ) although the oppo-
site has also been shown to occur ( Blasco et al., 2017 ). Also,
more subtle changes in the diet could impact upon early
brain development ( Algarin et al., 2017 ). Lipids, and more
specifically the omega 3- and 6-polyunsaturated fatty acids
DHA (docosahexaenoic acid) and ARA (arachidonic acid) are
provided by breast milk, but their levels in breast milk are
affected by dietary intake of the mother ( Oosting et al.,
2015 ). Studies in mice showed that a diet either enriched
in omega-3 fatty acids or with a decreased omega-6 fatty
acid levels positively impacted the incorporation of omega-
3 fatty acids in neuronal membranes ( Freedman et al., 2018 ;
Schipper et al., 2016 ). Such a low omega-6 diet has recently
also shown to completely abolish early life stress induced
cognitive impairments in adult mice ( Yam et al., 2019 ). A
recent study demonstrated an improvement in cognitive be-
haviors and plasticity markers in the brain of adolescence
in rats following psychological stress when exposed to a
diet enriched with the omega-3 polyunsaturated fatty acids,
eicosapentaenoic acid, docosahexaenoic acid, and docos-
apentaenoic acid and vitamin A ( Provensi et al., 2019 ). 

Using a rat maternal separation model, the long-term
effects of early-life stress were alleviated by a di-
etary intervention of milk fat globule membrane (MFGM)
and a polydextrose/galacto-oligosaccharide prebiotic blend
( O’Mahony et al., 2019 ). 

These findings highlight the important role of a balanced
diet in providing an adequate nutrient supply to support
brain development for later cognitive function and the rel-
evance of early life development in the vulnerability for
(later) psychiatric disease, which may explain, at least in
part, the observed heterogeneity in treatment effects. 

7. Diet, mental health and cognition in 

adulthood and later life 

A higher diet quality in adult life has been associated with
a reduced risk of cognitive decline ( Smyth et al., 2015 ).
Moreover, the intake of antioxidant polyphenols in the el-
derly has been associated with improved cognitive abilities
( Anton et al., 2014 ; Valls-Pedret et al., 2012 ; Witte et al.,
2014 ). Another study showed that a Mediterranean diet
supplemented with olive oil and nuts was associated with
improved cognitive function in an older population ( Valls-
Pedret et al., 2015 ). A promising role is now emerging for
nutritional interventions to combat cognitive decline espe-
cially in aging and under conditions of heightened stress and
anxiety. Since both increased perceived levels of stress in
modern day life and the increasing aging population rep-
uitelaar et al., Nutritional psychiatry: Towards improving mental 
oi.org/10.1016/j.euroneuro.2019.10.011 
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esent major pervasive societal challenges, the potential of 
utrition to exert beneficial effects on mental health in both
linical and non-clinical populations should be further inves- 
igated ( Wu et al., 2016 ). 
In contrast, unbalanced diets increase the risk of cardio- 
etabolic disease and cognitive decline. Thus, it is becom- 

ng clear that the negative consequences of a poor-quality 
iet can impair mental health and cognitive function, which 
s likely to be exacerbated with age ( Agrawal and Gomez-
inilla, 2012 ; Prenderville et al., 2015 ). Interestingly, nutri-
ion and, in particular, malnutrition and obesity, are closely 
ntertwined with mood regulation and stress sensitivity, sug- 
esting a strong link between diet, metabolism and men- 
al wellbeing ( Dallman, 2010 ; Gibson, 2006 ; Oliver and
ardle, 1999 ). In addition, a recent cross-sectional analy- 
is showed that the association between depressive symp- 
oms and metabolic syndrome may be partly attributed to 
hysical activity ( Matta et al., 2019 ). Moreover, evidence 
rom rodent models suggests that the consumption of a 
igh fat diet can have anti-depressant and anxiolytic ef- 
ects ( Finger et al., 2011 ; Leffa et al., 2015 ). However,
here is also evidence from both human and rodent mod-
ls that a high fat/high sugar western style diet is associ-
ted with cognitive impairments, particularly memory im- 
airments ( Attuquayefio et al., 2017 ; Kanoski et al., 2007 )
nd increased anxiety-like behavior ( Peris-Sampedro et al., 
019 ). Furthermore, obesity is associated with hippocam- 
al dysfunction and episodic memory deficits in humans 
 Cheke et al., 2016 ; Higgs and Spetter, 2018 ) and stud-
es in rodents have also linked obesity with hippocam- 
al dependent cognitive impairment ( Farr et al., 2008 ; 
eyward et al., 2012 ; Porter et al., 2013 ). Thus, a strategy
o cope with stress appears to involve increased consump- 
ion of a high fat diet, as it has antidepressant and anxiolytic
ffects, but such a diet in the longer term carries the risk of
ecoming obese which, in turn, is associated with decreased 
ognitive functioning and mood disorders. 
Clear associations between diet and cognitive and mental 

ealth in adulthood have been established but at present we 
ack a detailed understanding of the metabolic and cellular 
echanisms that underpin these associations. 
Nutritional interventions could be helpful in reducing the 

mpact of aging and stress on cognitive and mental health
ut there have been few randomized controlled trials to 
ate, especially in clinical groups. 

. The importance of the microbiome 

ecent evidence has highlighted a role for the intestinal mi-
robiome as a key link between the gut and development
nd function of the brain ( Blasco et al., 2017 ; Dinan and
ryan, 2012 ; Dinan et al., 2015 ; Fernandez-Real et al.,
015 ; Sarkar et al., 2018 ). Specifically, increasing evidence 
oints to a critical interaction between microbiota in pre- 
atal and postnatal environments and the risk for psy- 
hiatric disorders later in life ( Codagnone et al., 2019 ).
oreover, accumulating data has identified the gut micro- 
iota as a key player in the responses to stress and af-
ective disorders, including anxiety, depression and cog- 
ition ( Bastiaanssen et al., 2019 ; Cryan and Dinan, 2012 ;
inan and Cryan, 2012 ; Morkl et al., 2018 ; Noble et al.,
Please cite this article as: R.A.H. Adan, E.M. van der Beek and J.K. B
health by what you eat, European Neuropsychopharmacology, https://d
017 ; Silva et al., 2012 ). The importance of a healthy
ut microbiota in the regulation of serotonin metabolism 

as also been suggested ( O’Mahony et al., 2015 ). An in-
olvement of the gut microbiome in other disorders such 
s ADHD, autism spectrum disorders and anorexia ner- 
osa also appears possible ( Cenit et al., 2017 ; Herpertz-
ahlmann et al., 2017 ; Ly et al., 2017 ). In addition, stress
an affect and disturb the gut microbiota and negatively im-
act on digestive health. A high-quality diet may therefore
elp to regulate the gut microbiota and reduce stress and
nflammation in the brain and subsequently maintain proper 
ognitive function throughout life ( Haghighatdoost et al., 
019 ; Tolkien et al., 2018 ; Wang et al., 2018a ). Interest-
ngly, recent data reinforced the potential of microbiota- 
ediated amelioration of age-related neuroinflammatory 
athologies and cognitive decline, and demonstrated that a 
upplement of prebiotics attenuates age-related microglia 
ctivation ( Boehme et al., 2019 ). Likewise, the detri-
ental behavioral, cognitive and neurochemical effects of 
tressed adolescent rats were normalized by diets enriched 
n omega-3 polyunsaturated fatty acids, eicosapentaenoic 
cid, docosahexaenoic acid, and docosapentaenoic acid and 
itamin A and also lead to shifts in microbiota composition
 Provensi et al., 2019 ). 
While gut microbiota composition is determined by the 

ost’s genetics, and external factors, such lifestyle, the 
ey determinants of gut microbiota composition and func- 
ion remain, namely diet and nutrition ( David et al., 2014 ;
ortune et al., 2016 ; Turnbaugh et al., 2009 ; Xu and
night, 2015 ). Indeed, dietary factors have been shown to
irectly shape the microbiota in both rodents ( Daniel et al.,
014 ; de Wit et al., 2012 ; Marques et al., 2015 ;
ujico et al., 2013 ; Murphy et al., 2010 ; Patterson et al.,
014 ; Ravussin et al., 2012 ) and humans ( De Filippo et al.,
010 ; Turnbaugh et al., 2009 ; Xu and Knight, 2015 ), and
iet therefore represents a modifiable determinant of gut 
icrobiota composition. For example, studies have already 
hown that high fiber diets and Mediterranean diets, pro-
ote a diverse gut microbiota, and are associated with a
educed likelihood of depression ( Gopinath et al., 2016 ). In
ddition, fermented foods may also have potential to mod-
fy the gut microbiota and to alter gut physiology and men-
al health ( Aslam et al., 2018 ). Thus, it is clear that gut
icrobiota has potential to impact on mental health, but
he mechanisms by which this comes about has yet to be
lucidated ( Scriven et al., 2018 ). Mechanistic studies aimed
t the identification of the molecular mechanisms under- 
inning the effects of the gut microbiota on centrally regu-
ated processes are urgently needed. Future studies should 
dentify diets that can modulate brain functioning through 
pecific bacterial strains producing centrally active metabo- 
ites. 

. Towards a better science-based advice on 

utrition 

pidemiological studies have demonstrated that diet has an 
mpact on mental health and intervention studies support 
his relationship. In addition, individuals with defined ge- 
etic and non-genetic disorders such as in lactose intoler-
nce, phenylketonuria and gluten sensitivity profit from ad- 
uitelaar et al., Nutritional psychiatry: Towards improving mental 
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Fig. 1 Integrated nutritional intervention and care in affective disorder studies and treatment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hering to particular diets. Still, many associations are dis-
puted; strong evidence for a causal mechanism is exceed-
ingly difficult to obtain. We know little about the specific
dietary components that provide a benefit for mental health
for the individual. This research gap needs to be addressed
if a solid evidence base for dietary advice in relation to
mental health is to be developed. Several hurdles need to
be overcome. To be able to utilize diets for mental health,
a mechanistic understanding is required regarding (1) how
diet affects metabolic processes in gut (including micro-
biota), (2) how this impacts on signaling from gut to brain
(including via gut hormones), (3) how diet affects levels of
metabolites in blood and target organs, (4) how cells and
cellular networks (neural networks) respond, (5) how ge-
netic background impacts on the influence of diet on men-
tal health, and (6) how diet impacts on gene expression and
downstream effects. Elucidating the metabolic and cellu-
lar mechanisms and pathways through which nutrition can
promote the resistance of neurons to insults and improve
mental fitness will help us to determine how best to mod-
ulate diet composition in order to promote mental health
throughout life. 

The challenge for “Nutritional psychiatry” is to de-
velop comprehensive, cohesive and scientifically rigorous
Please cite this article as: R.A.H. Adan, E.M. van der Beek and J.K. B
health by what you eat, European Neuropsychopharmacology, https://d
evidence-based research that defines the role of diet and
nutrients in diverse aspects of mental health ( Jacka et al.,
2017 ; Marx et al., 2017 ; Sarris et al., 2015a , 2015b ). Specifi-
cally, the link between the body exposure to specific micro-
and macronutrients (that depend on intake, bioavailability
and metabolic function and organ systems involved) and a
wide array of mental health issues (that include, for ex-
ample, mood, cognitive processes and stress resilience) and
that involve direct and indirect mechanisms that modulate
neuronal function and synaptic plasticity needs to be better
defined. 

Much effort has been expended in establishing large co-
horts for nutritional research. Now is the time to data
mine and utilize the information gathered from such co-
horts to define novel mechanistic hypotheses that can be
tested using experimental medicine approaches ( Fig. 1 ).
Experimental medicine studies provide a bridge between
preclinical investigations of mechanisms and clinical tri-
als. Importantly, they employ experimental design in a
laboratory setting to ensure rigor and clear endpoints
( Dawson et al., 2011 ). Individual eating styles and dietary
habits should also be taken into account as they influence
overall dietary intake and diet quality independently of de-
pression ( Paans et al., 2019 ). Therefore, the use of high
uitelaar et al., Nutritional psychiatry: Towards improving mental 
oi.org/10.1016/j.euroneuro.2019.10.011 
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2485–2499 . 
uality and adequately powered experimental population 
tudies will provide new mechanistic insights into the rela- 
ionship between nutrition and mental health. It will then 
e possible to identify interventions that have a higher 
robability of succeeding when tested in larger RCTs. 

0. New concepts 

utritional interventions are different from pharmacologi- 
al interventions. drugs act via one or a limited number of
argets for which the drugs have a high affinity, which usu-
lly is below the submicromolar range. Probably because 
heir affinity is in the same range, vitamins are the only
nown nutrients that can be studied in a manner similar to
rugs. Most nutrients are consumed in much larger amounts 
han drugs, and their affinity for proteins is much lower
han for drugs. Since levels of nutrients and their metabo-
ites reach much higher concentrations, they bind and affect 
 variety of targets. Thus, in general, nutrients and their
etabolites act upon multiple targets in multiple organs. 
hile many studies have examined the effects of individ- 
al nutritional components or foods on brain and behavior, 
utritional research is shifting from a focus on single nutri-
nts or supplements to dietary pattern analysis ( Hu, 2002 ).
his is important because nutrients may act together to 
ffect specific functions and interactions between specific 
utrients may affect their bioavailability thus complicating 
he identification of specific substrates. In the case of nu-
raceuticals that are not found in foods, such as N-acetyl-
-cysteïne and S-adenosylmethionine, the picture is further 
omplicated by the emerging evidence that some combina- 
ions of compounds have synergistic effects, whereas other 
ombinations have been found to be ineffective (for a re-
ent review of nutraceuticals and a related view on nutri-
ional psychiatry see Sarris, 2019 ). 
Most dietary interventions do not include a placebo as 

ontrol condition, since the design of a control product is 
 challenge for trial design. Arguably, it may be easier to
how the impact of specific nutrient deficiency than that 
f adding a nutrient or food in a controlled situation. Ev-
dence on the effects of supplementation with nutraceuti- 
als is mixed and does not provide strong support for their
se in psychiatric disorders ( Sarris, 2019 ). Essential nutri-
nts are required for normal physiological function but can- 
ot be synthesized in the body and thus must be obtained
rom the diet. A poor diet may lack sufficient amounts of
ssential nutrients, but do we know all essential nutrients? 
erhaps too low amounts of a given nutrient or the com-
ination of lower levels of specific nutrients increases the 
usceptibility for cognitive decline. Moreover, there may be 
ndividual differences in the sensitivity and requirement of 
ssential nutrients. Indeed, genome wide association stud- 
es (GWAS) and meta-analyses have identified strong effects 
n levels of blood and urine metabolites. Identifying such 
utrients in an individual may be challenging, but is re-
uired to improve personalized dietary advice. A recent 
tudy revealed an association between the genes in the reg-
lation of blood/urine metabolite levels and mental dis- 
rders ( Hebebrand et al., 2018 ). Further research is war-
anted to extend these initial links beyond the DNA-level. 
s such, the identified metabolites should be measured in 
Please cite this article as: R.A.H. Adan, E.M. van der Beek and J.K. B
health by what you eat, European Neuropsychopharmacology, https://d
oth diseased and healthy individuals to verify the relation-
hips. Potentially RCTs can then be set up to determine if
pecific dietary interventions can alter the serum concen- 
rations of metabolites that differ systematically between 
atients and controls. As such, a new concept emerges: ge-
etic data are used to identify potential targets for dietary
nterventions aimed at altering the serum level(s) of one or
ore metabolites in patients with specific mental disorders 

 Fig. 1 ). 

1. Conclusion 

ccumulating evidence provides support for the existence 
f direct relationships between nutrition, stress susceptibil- 
ty, mental health and mental function throughout the lifes-
an. However, the evidence is correlational and there is a
ap in understanding how these effects come about. Novel
reakthrough findings on the bidirectional relationships be- 
ween nutrition and brain functioning are urgently needed 
o inform public health policy on diet. Improved mechanis-
ic understanding of how nutrition affects mental health and
ognition will guide the development of new nutritional in-
erventions and evidence-based advice that will promote 
nd maintain brain fitness throughout life. The promotion 
f dietary habits that lead to better mental health, and the
dentification and validation of critical individual nutritional 
omponents, will improve sustainability in our healthcare 
ystems and reduce the economic costs associated with poor
ental health and cognitive decline. 

ole of the funding source 

one. 

ontributors 

uthors that contributed are: Roger A.H. Adan1,2, Eline 
. van der Beek3,4, Jan K. Buitelaar5,6, John Cryan7, Jo-
annes Hebebrand8, Suzanne Higgs9, Harriet Schellekens7, 
uzanne L. Dickson2. 

eclaration of Competing Interest 

line van der Beek has a position at Danone. 

cknowledgments 

he European College for Neuropsychopharmacology (ECNP) 
or supporting the Nutrition Network. We would like to
hank Dr. Ken O’Riordan, APC Microbiome Ireland, for the
raphics of Fig. 1 . 

eferences 

grawal, R. , Gomez-Pinilla, F. , 2012. ‘Metabolic syndrome’ in the
brain: deficiency in omega-3 fatty acid exacerbates dysfunc-
tions in insulin receptor signalling and cognition. J. Physiol. 590,
uitelaar et al., Nutritional psychiatry: Towards improving mental 
oi.org/10.1016/j.euroneuro.2019.10.011 

http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0001
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0001
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0001
https://doi.org/10.1016/j.euroneuro.2019.10.011


8 R.A.H. Adan, E.M. van der Beek and J.K. Buitelaar et al. 

ARTICLE IN PRESS 

JID: NEUPSY [m6+; November 14, 2019;9:39 ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ahmed, T. , Auble, D. , Berkley, J.A. , Black, R. , Ahern, P.P. , Hos-
sain, M. , Hsieh, A. , Ireen, S. , Arabi, M. , Gordon, J.I. , 2014. An
evolving perspective about the origins of childhood undernutri-
tion and nutritional interventions that includes the gut micro-
biome. Ann. N.Y. Acad. Sci. 1332, 22–38 . 

Algarin, C. , Karunakaran, K.D. , Reyes, S. , Morales, C. , Lozoff, B. ,
Peirano, P. , Biswal, B. , 2017. Differences on brain connectivity
in adulthood are present in subjects with iron deficiency anemia
in infancy. Front. Aging Neurosci. 9, 54 . 

Anton, S.D. , Embry, C. , Marsiske, M. , Lu, X. , Doss, H. , Leeuwen-
burgh, C. , Manini, T.M. , 2014. Safety and metabolic outcomes
of resveratrol supplementation in older adults: results of a
twelve-week, placebo-controlled pilot study. Exp. Gerontol. 57,
181–187 . 

Aslam, H., Green, J., Jacka, F.N., Collier, F., Berk, M., Pasco, J.,
Dawson, S.L., 2018. Fermented foods, the gut and mental
health: a mechanistic overview with implications for depression
and anxiety. Nutr. Neurosci. 1–13. doi: 10.1080/1028415X.2018.
1544332 . 

Attuquayefio, T., Stevenson, R.J., Oaten, M.J., Francis, H.M., 2017.
A four-day Western-style dietary intervention causes reductions
in hippocampal-dependent learning and memory and interocep-
tive sensitivity. PLoS One 12, 2–e0172645. doi: 10.1371/journal.
pone.0172645.eCollection 2017 . 

Bastiaanssen, T.F.S. , Cowan, C.S.M. , Claesson, M.J. , Dinan, T.G. ,
Cryan, J.F. , 2019. Making sense of ... the microbiome in psychi-
atry. Int. J. Neuropsychopharmacol. 22, 37–52 . 

Bazinet, R.P. , Laye, S. , 2014. Polyunsaturated fatty acids and their
metabolites in brain function and disease. Nat. Rev. Neurosci.
15, 771–785 . 

Berk, M. , Jacka, F.N. , 2019. Diet and depression-from confirmation
to implementation. JAMA 321, 842–843 . 

Bhutta, Z.A. , Guerrant, R.L. , Nelson 3rd, C.A. , 2017. Neurodevel-
opment, nutrition, and inflammation: the evolving global child
health landscape. Pediatrics 139, S12–S22 . 

Black, M.M. , 2008. Effects of vitamin B12 and folate deficiency on
brain development in children. Food Nutr. Bull. 29, S126–S131 . 

Blasco, G. , Moreno-Navarrete, J.M. , Rivero, M. , Perez-Brocal, V. ,
Garre-Olmo, J. , Puig, J. , Daunis, I.E.P. , Biarnes, C. , Gich, J. ,
Fernandez-Aranda, F. , Alberich-Bayarri, A. , Moya, A. , Pe-
draza, S. , Ricart, W. , Lopez, M. , Portero-Otin, M. , Fernan-
dez-Real, J.M. , 2017. The gut metagenome changes in paral-
lel to waist circumference, brain iron deposition, and cognitive
function. J. Clin. Endocrinol. Metab. 102, 2962–2973 . 

Bloch, M.H. , Qawasmi, A. , 2011. Omega-3 fatty acid supple-
mentation for the treatment of children with attention-d-
eficit/hyperactivity disorder symptomatology: systematic re-
view and meta-analysis. J. Am. Acad. Child Adolesc. Psychiatry
50, 991–1000 . 

Boehme, M. , van de Wouw, M. , Bastiaanssen, T.F.S. , Olavar-
ria-Ramirez, L. , Lyons, K. , Fouhy, F. , Golubeva, A.V. ,
Moloney, G.M. , Minuto, C. , Sandhu, K.V. , Scott, K.A. , Clarke, G. ,
Stanton, C. , Dinan, T.G. , Schellekens, H. , Cryan, J.F. , 2019.
Mid-life microbiota crises: middle age is associated with per-
vasive neuroimmune alterations that are reversed by targeting
the gut microbiome. Mol. Psychiatry . 

Borghi, L. , Salvatici, E. , Riva, E. , Giovannini, M. , Vegni, E.A. , 2019.
Psychological and psychosocial implications for parenting a child
with phenylketonuria: a systematic review. Minerva Pediatr. 71,
181–195 . 

Bot, M. , Brouwer, I.A. , Roca, M. , Kohls, E. , Penninx, B. , Watkins, E. ,
van Grootheest, G. , Cabout, M. , Hegerl, U. , Gili, M. , Owens, M. ,
Visser, M. , Moo, D.P.T.I. , 2019. Effect of multinutrient sup-
plementation and food-related behavioral activation ther-
apy on prevention of major depressive disorder among over-
weight or obese adults with subsyndromal depressive symp-
toms: the MooDFOOD randomized clinical trial. JAMA 321, 
858–868 . 
Please cite this article as: R.A.H. Adan, E.M. van der Beek and J.K. B
health by what you eat, European Neuropsychopharmacology, https://d
Brouwer-Brolsma, E.M. , Dhonukshe-Rutten, R.A. , van Wijngaar-
den, J.P. , van de Zwaluw, N.L. , In ’t Veld, P.H. , Wins, S. ,
Swart, K.M. , Enneman, A.W. , Ham, A.C. , van Dijk, S.C. , van
Schoor, N.M. , van der Velde, N. , Uitterlinden, A.G. , Lips, P. ,
Kessels, R.P. , Steegenga, W.T. , Feskens, E.J. , de Groot, L.C. ,
2015. Cognitive performance: a cross-sectional study on serum
vitamin D and its interplay with glucose homeostasis in Dutch
older adults. J. Am. Med. Dir. Assoc . 

Castanys-Munoz, E. , Kennedy, K. , Castaneda-Gutierrez, E. ,
Forsyth, S. , Godfrey, K.M. , Koletzko, B. , Ozanne, S.E. ,
Rueda, R. , Schoemaker, M. , van der Beek, E.M. , van Buuren, S. ,
Ong, K.K. , 2017. Systematic review indicates postnatal growth
in term infants born small-for-gestational-age being associated
with later neurocognitive and metabolic outcomes. Acta Paedi-
atr. 106, 1230–1238 . 

Castro, A.I. , Gomez-Arbelaez, D. , Crujeiras, A.B. , Granero, R. ,
Aguera, Z. , Jimenez-Murcia, S. , Sajoux, I. , Lopez-Jaramillo, P. ,
Fernandez-Aranda, F. , Casanueva, F.F. , 2018. Effect of a very
low-calorie ketogenic diet on food and alcohol cravings, physi-
cal and sexual activity, sleep disturbances, and quality of life in
obese patients. Nutrients 10 . 

Cenit, M.C. , Nuevo, I.C. , Codoner-Franch, P. , Dinan, T.G. , Sanz, Y. ,
2017. Gut microbiota and attention deficit hyperactivity disor-
der: new perspectives for a challenging condition. Eur. Child.
Adolesc. Psychiatry 26, 1081–1092 . 

Cheke, L.G. , Simons, J.S. , Clayton, N.S. , 2016. Higher body mass in-
dex is associated with episodic memory deficits in young adults.
Q. J. Exp. Psychol. 69, 2305–2316 . 

Codagnone, M.G. , Spichak, S. , O’Mahony, S.M. , O’Leary, O.F. ,
Clarke, G. , Stanton, C. , Dinan, T.G. , Cryan, J.F. , 2019. Program-
ming bugs: microbiota and the developmental origins of brain
health and disease. Biol. Psychiatry 85, 150–163 . 

Conner, T.S. , Brookie, K.L. , Carr, A.C. , Mainvil, L.A. , Vissers, M.C. ,
2017. Let them eat fruit! The effect of fruit and vegetable con-
sumption on psychological well-being in young adults: a random-
ized controlled trial. PLoS One 12, e0171206 . 

Cryan, J.F. , Dinan, T.G. , 2012. Mind-altering microorganisms: the
impact of the gut microbiota on brain and behaviour. Nat. Rev.
Neurosci. 13, 701–712 . 

Cunnane, S.C. , Crawford, M.A. , 2014. Energetic and nutritional
constraints on infant brain development: implications for brain
expansion during human evolution. J. Hum. Evol. 77, 88–
98 . 

Dallman, M.F. , 2010. Stress-induced obesity and the emotional ner-
vous system. Trends Endocrinol. Metab. 21, 159–165 . 

Daniel, H. , Moghaddas Gholami, A. , Berry, D. , Desmarchelier, C. ,
Hahne, H. , Loh, G. , Mondot, S. , Lepage, P. , Rothballer, M. ,
Walker, A. , Bohm, C. , Wenning, M. , Wagner, M. , Blaut, M. ,
Schmitt-Kopplin, P. , Kuster, B. , Haller, D. , Clavel, T. , 2014. High-
-fat diet alters gut microbiota physiology in mice. ISME J. 8,
295–308 . 

David, L.A. , Maurice, C.F. , Carmody, R.N. , Gootenberg, D.B. , But-
ton, J.E. , Wolfe, B.E. , Ling, A.V. , Devlin, A.S. , Varma, Y. , Fis-
chbach, M.A. , Biddinger, S.B. , Dutton, R.J. , Turnbaugh, P.J. ,
2014. Diet rapidly and reproducibly alters the human gut mi-
crobiome. Nature 505, 559–563 . 

Dawson, G.R. , Dourish, C.T. , Goodwin, G.M. , 2011. Special is-
sue on CNS experimental medicine. J. Psychopharmacol. 25,
1145–1147 . 

De Filippo, C. , Cavalieri, D. , Di Paola, M. , Ramazzotti, M. , Poul-
let, J.B. , Massart, S. , Collini, S. , Pieraccini, G. , Lionetti, P. ,
2010. Impact of diet in shaping gut microbiota revealed by a
comparative study in children from Europe and rural Africa.
Proc. Natl. Acad. Sci. U.S.A 107, 14691–14696 . 

de Groot, R.H. , Stein, A.D. , Jolles, J. , van Boxtel, M.P. , Blauw, G.J. ,
van de Bor, M. , Lumey, L. , 2011. Prenatal famine exposure
and cognition at age 59 years. Int. J. Epidemiol. 40, 327–
337 . 
uitelaar et al., Nutritional psychiatry: Towards improving mental 
oi.org/10.1016/j.euroneuro.2019.10.011 

http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0002
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0002
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0002
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0002
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0002
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0002
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0002
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0002
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0002
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0002
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0002
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0003
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0003
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0003
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0003
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0003
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0003
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0003
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0003
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0004
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0004
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0004
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0004
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0004
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0004
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0004
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0004
https://doi.org/10.1080/1028415X.2018.1544332
https://doi.org/10.1371/journal.pone.0172645.eCollection ignorespaces 2017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0007
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0007
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0007
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0007
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0007
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0007
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0008
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0008
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0008
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0009
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0009
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0009
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0010
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0010
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0010
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0010
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0011
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0011
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0012
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0013
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0013
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0013
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0014
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0015
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0015
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0015
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0015
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0015
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0015
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0016
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0017
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0018
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0019
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0019
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0019
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0019
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0019
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0019
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0019
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0019
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0019
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0019
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0019
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0020
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0020
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0020
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0020
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0020
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0020
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0021
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0021
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0021
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0021
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0022
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0022
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0022
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0022
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0022
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0022
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0022
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0022
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0022
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0023
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0023
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0023
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0023
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0023
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0023
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0024
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0024
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0024
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0025
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0025
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0025
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0026
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0026
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0027
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0028
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0029
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0029
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0029
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0029
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0030
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0030
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0030
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0030
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0030
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0030
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0030
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0030
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0030
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0030
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0031
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0031
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0031
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0031
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0031
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0031
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0031
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0031
https://doi.org/10.1016/j.euroneuro.2019.10.011


Nutritional Psychiatry: Towards improving mental health 9 

ARTICLE IN PRESS 

JID: NEUPSY [m6+; November 14, 2019;9:39 ] 

d  

 

 

 

 

d  

 

 

 

D  

D  

 

 

D  

 

D  

 

 

D  

 

D  

D  

 

D  

E  

E  

E  

 

E  

 

F  

 

F  

 

F  

 

F  

 

 

F  

 

 

 

F  

 

 

F  

F  

 

 

 

G  

 

G  

G  

 

G  

G  

 

G  

 

H  

 

 

H  

 

 

 

 

H  

H  

 

 

e la Torre, R. , de Sola, S. , Hernandez, G. , Farre, M. , Pujol, J. ,
Rodriguez, J. , Espadaler, J.M. , Langohr, K. , Cuenca-Royo, A. ,
Principe, A. , Xicota, L. , Janel, N. , Catuara-Solarz, S. ,
Sanchez-Benavides, G. , Blehaut, H. , Duenas-Espin, I. , Del 
Hoyo, L. , Benejam, B. , Blanco-Hinojo, L. , Videla, S. , Fito, M. ,
Delabar, J.M. , Dierssen, M. group, T.s., 2016. Safety and efficacy
of cognitive training plus epigallocatechin-3-gallate in young 
adults with Down’s syndrome (TESDAD): a double-blind, ran- 
domised, placebo-controlled, phase 2 trial. Lancet Neurol. 15, 
801–810 . 

e Wit, N. , Derrien, M. , Bosch-Vermeulen, H. , Oosterink, E. ,
Keshtkar, S. , Duval, C. , de Vogel-van den Bosch, J. , Kleere-
bezem, M. , Muller, M. , van der Meer, R. , 2012. Saturated fat
stimulates obesity and hepatic steatosis and affects gut micro- 
biota composition by an enhanced overflow of dietary fat to the
distal intestine. Am. J. Physiol. Gastrointest. Liver Physiol. 303, 
G589–G599 . 

el-Ponte, B. , Quinte, G.C. , Cruz, S. , Grellert, M. , Santos, I.S. ,
2019. Dietary patterns and attention deficit/hyperactivity dis- 
order (ADHD): a systematic review and meta-analysis. J. Affect. 
Disord. 252, 160–173 . 

elpech, J.C. , Madore, C. , Joffre, C. , Aubert, A. , Kang, J.X. , Nad-
jar, A. , Laye, S. , 2015a. Transgenic increase in n-3/n-6 fatty
acid ratio protects against cognitive deficits induced by an im-
mune challenge through decrease of neuroinflammation. Neu- 
ropsychopharmacology 40, 525–536 . 

elpech, J.C. , Madore, C. , Nadjar, A. , Joffre, C. , Wohleb, E.S. ,
Laye, S. , 2015b. Microglia in neuronal plasticity: influence of
stress. Neuropharmacology . 

elpech, J.C. , Thomazeau, A. , Madore, C. , Bosch-Bouju, C. , Lar-
rieu, T. , Lacabanne, C. , Remus-Borel, J. , Aubert, A. , Joffre, C. ,
Nadjar, A. , Laye, S. , 2015c. Dietary n-3 PUFAs deficiency in-
creases vulnerability to inflammation-induced spatial memory 
impairment. Neuropsychopharmacology . 

imov, S. , Mundy, L.K. , Bayer, J.K. , Jacka, F.N. , Canterford, L. , Pat-
ton, G.C. , 2019. Diet quality and mental health problems in late
childhood. Nutr. Neurosci. 1–9 . 

inan, T.G. , Cryan, J.F. , 2012. Regulation of the stress response by
the gut microbiota: implications for psychoneuroendocrinology. 
Psychoneuroendocrinology 37, 1369–1378 . 

inan, T.G. , Stanton, C. , Long-Smith, C. , Kennedy, P. , Cryan, J.F. ,
Cowan, C.S.M. , Cenit, M.C. , van der Kamp, J.W. , Sanz, Y. , 2018.
Feeding melancholic microbes: MyNewGut recommendations on 
diet and mood. Clin. Nutr . 

inan, T.G. , Stilling, R.M. , Stanton, C. , Cryan, J.F. , 2015. Collec-
tive unconscious: how gut microbes shape human behavior. J. 
Psychiatr. Res. 63, 1–9 . 

l Aidy, S. , Dinan, T.G. , Cryan, J.F. , 2015. Gut microbiota: the con-
ductor in the orchestra of immune-neuroendocrine communica- 
tion. Clin. Ther. 37, 954–967 . 

merson, S.D. , Carbert, N.S. , 2019. An apple a day: protective asso-
ciations between nutrition and the mental health of immigrants 
in Canada. Soc. Psychiatry Psychiatr. Epidemiol. 54, 567–578 . 

nderami, A. , Zarghami, M. , Darvishi-Khezri, H. , 2018. The effects
and potential mechanisms of folic acid on cognitive function: a
comprehensive review. Neurol. Sci. 39, 1667–1675 . 

steban-Gonzalo, L. , Turner, A.I. , Torres, S.J. , Esteban-Cornejo, I. ,
Castro-Pinero, J. , Delgado-Alfonso, A. , Marcos, A. , Gomez–
Martinez, S. , Veiga, O.L. , 2019. Diet quality and well-being in
children and adolescents: the UP&DOWN longitudinal study. B. 
J. Nutr. 121, 221–231 . 

arr, S.A. , Yamada, K.A. , Butterfield, D.A. , Abdul, H.M. , Xu, L. ,
Miller, N.E. , Banks, W.A. , Morley, J.E. , 2008. Obesity and hy-
pertriglyceridemia produce cognitive impairment. Endocrinol- 
ogy 149, 2628–2636 . 

ernandez-Real, J.M. , Serino, M. , Blasco, G. , Puig, J. , Daunis-i-Es-
tadella, J. , Ricart, W. , Burcelin, R. , Fernandez-Aranda, F. ,
Portero-Otin, M. , 2015. Gut microbiota interacts with brain 
Please cite this article as: R.A.H. Adan, E.M. van der Beek and J.K. B
health by what you eat, European Neuropsychopharmacology, https://d
microstructure and function. J. Clin. Endocrinol. Metab. 100, 
4505–4513 . 

inger, B.C. , Dinan, T.G. , Cryan, J.F. , 2011. High-fat diet selec-
tively protects against the effects of chronic social stress in the
mouse. Neuroscience 192, 351–360 . 

irth, J. , Marx, W. , Dash, S. , Carney, R. , Teasdale, S.B. , Solmi, M. ,
Stubbs, B. , Schuch, F.B. , Carvalho, A.F. , Jacka, F. , Sarris, J. ,
2019. The effects of dietary improvement on symptoms of de-
pression and anxiety: a meta-analysis of randomized controlled 
trials. Psychosom. Med. 81, 265–280 . 

irth, J. , Stubbs, B. , Teasdale, S.B. , Ward, P.B. , Veronese, N. , Shiv-
appa, N. , Hebert, J.R. , Berk, M. , Yung, A.R. , Sarris, J. , 2018.
Diet as a hot topic in psychiatry: a population-scale study of
nutritional intake and inflammatory potential in severe mental
illness. World Psychiatry 17, 365–367 . 

ocker, M. , Antel, J. , Ring, S. , Hahn, D. , Kanal, O. , Ozturk, D. ,
Hebebrand, J. , Libuda, L. , 2017. Vitamin D and mental health
in children and adolescents. Eur. Child. Adolesc. Psychiatry 26,
1043–1066 . 

reedman, R. , Hunter, S.K. , Hoffman, M.C. , 2018. Prenatal primary
prevention of mental illness by micronutrient supplements in 
pregnancy. Am. J. Psychiatry 175, 607–619 . 

resan, U. , Bes-Rastrollo, M. , Segovia-Siapco, G. , Sanchez-Ville-
gas, A. , Lahortiga, F. , de la Rosa, P.A. , Martinez-Gonzalez, M.A. ,
2019. Does the mind diet decrease depression risk? A compari-
son with mediterranean diet in the SUN cohort. Eur. J. Nutr. 58,
1271–1282 . 

audio, S. , Wiemerslage, L. , Brooks, S.J. , Schioth, H.B. , 2016.
A systematic review of resting-state functional-MRI stud- 
ies in anorexia nervosa: evidence for functional connec-
tivity impairment in cognitive control and visuospatial and 
body-signal integration. Neurosci. Biobehav. Rev. 71, 578–
589 . 

eorgieff, M.K. , Ramel, S.E. , Cusick, S.E. , 2018. Nutritional in-
fluences on brain development. Acta Paediatr. 107, 1310–
1321 . 

iannunzio, V. , Degortes, D. , Tenconi, E. , Collantoni, E. , Solmi, M. ,
Santonastaso, P. , Favaro, A. , 2018. Decision-making impair- 
ment in anorexia nervosa: new insights into the role of
age and decision-making style. Eur. Eat. Disord. Rev. 26, 
302–314 . 

ibson, E.L. , 2006. Emotional influences on food choice: sensory,
physiological and psychological pathways. Physiol. Behav. 89, 
53–61 . 

ibson-Smith, D. , Bot, M. , Brouwer, I.A. , Visser, M. , Giltay, E.J. ,
Penninx, B. , 2019. Association of food groups with depression
and anxiety disorders. Eur. J. Nutr . 

opinath, B. , Flood, V.M. , Kifley, A. , Louie, J.C. , Mitchell, P. ,
2016. Association between carbohydrate nutrition and success- 
ful aging over 10 years. J. Gerontol. A Biol. Sci. Med. Sci. 71,
1335–1340 . 

aghighatdoost, F. , Feizi, A. , Esmaillzadeh, A. , Feinle-Bisset, C. ,
Keshteli, A.H. , Afshar, H. , Adibi, P. , 2019. Association between
the dietary inflammatory index and common mental health dis-
orders profile scores. Clin. Nutr. 38, 1643–1650 . 

ebebrand, J. , Peters, T. , Schijven, D. , Hebebrand, M. , Grase-
mann, C. , Winkler, T.W. , Heid, I.M. , Antel, J. , Focker, M. ,
Tegeler, L. , Brauner, L. , Adan, R.A.H. , Luykx, J.J. , Correll, C.U. ,
Konig, I.R. , Hinney, A. , Libuda, L. , 2018. The role of genetic
variation of human metabolism for BMI, mental traits and men-
tal disorders. Mol. Metab. 12, 1–11 . 

egyi, J. , Schwartz, R.A. , Hegyi, V. , 2004. Pellagra: dermatitis, de-
mentia, and diarrhea. Int. J. Dermatol. 43, 1–5 . 

erpertz-Dahlmann, B. , Seitz, J. , Baines, J. , 2017. Food matters:
how the microbiome and gut-brain interaction might impact the
development and course of anorexia nervosa. Eur. Child. Ado-
lesc. Psychiatry 26, 1031–1041 . 
uitelaar et al., Nutritional psychiatry: Towards improving mental 
oi.org/10.1016/j.euroneuro.2019.10.011 

http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0032
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0033
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0033
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0033
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0033
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0033
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0033
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0033
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0033
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0033
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0033
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0033
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0034
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0034
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0034
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0034
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0034
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0034
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0035
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0035
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0035
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0035
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0035
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0035
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0035
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0035
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0036
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0036
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0036
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0036
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0036
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0036
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0036
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0037
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0038
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0038
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0038
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0038
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0038
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0038
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0038
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0039
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0039
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0039
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0040
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0040
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0040
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0040
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0040
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0040
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0040
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0040
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0040
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0040
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0041
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0041
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0041
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0041
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0041
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0042
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0042
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0042
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0042
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0043
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0043
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0043
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0044
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0044
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0044
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0044
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0045
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0045
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0045
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0045
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0045
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0045
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0045
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0045
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0045
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0045
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0046
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0046
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0046
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0046
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0046
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0046
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0046
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0046
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0046
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0047
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0047
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0047
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0047
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0047
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0047
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0047
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0047
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0047
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0047
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0047
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0048
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0048
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0048
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0048
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0049
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0050
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0050
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0050
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0050
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0050
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0050
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0050
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0050
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0050
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0050
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0050
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0051
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0051
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0051
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0051
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0051
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0051
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0051
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0051
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0051
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0052
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0052
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0052
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0052
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0053
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0053
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0053
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0053
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0053
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0053
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0053
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0053
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0054
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0054
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0054
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0054
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0054
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0055
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0055
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0055
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0055
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0056
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0056
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0056
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0056
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0056
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0056
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0056
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0056
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0057
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0057
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0058
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0058
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0058
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0058
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0058
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0058
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0058
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0059
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0059
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0059
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0059
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0059
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0059
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0060
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0060
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0060
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0060
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0060
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0060
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0060
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0060
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0061
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0062
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0062
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0062
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0062
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0063
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0063
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0063
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0063
https://doi.org/10.1016/j.euroneuro.2019.10.011


10 R.A.H. Adan, E.M. van der Beek and J.K. Buitelaar et al. 

ARTICLE IN PRESS 

JID: NEUPSY [m6+; November 14, 2019;9:39 ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Heyward, F.D. , Walton, R.G. , Carle, M.S. , Coleman, M.A. , Gar-
vey, W.T. , Sweatt, J.D. , 2012. Adult mice maintained on a high-
-fat diet exhibit object location memory deficits and reduced
hippocampal SIRT1 gene expression. Neurobiol. Learn. Mem. 98,
25–32 . 

Higgs, S. , Spetter, M.S. , 2018. Cognitive control of eating: the role
of memory in appetite and weight gain. Curr. Obes. Rep. 7,
50–59 . 

Hu, F.B. , 2002. Dietary pattern analysis: a new direction in nutri-
tional epidemiology. Curr. Opin. Lipidol. 13, 3–9 . 

Innis, S.M. , 2008. Dietary omega 3 fatty acids and the developing
brain. Brain Res. 1237, 35–43 . 

Jacka, F.N. , O’Neil, A. , Itsiopoulos, C. , Opie, R. , Cotton, S. , Mo-
hebbi, M. , Castle, D. , Dash, S. , Mihalopoulos, C. , Chatter-
ton, M.L. , Brazionis, L. , Dean, O.M. , Hodge, A. , Berk, M. , 2018.
The SMILES trial: an important first step. BMC Med. 16, 237 . 

Jacka, F.N. , O’Neil, A. , Opie, R. , Itsiopoulos, C. , Cotton, S. , Mo-
hebbi, M. , Castle, D. , Dash, S. , Mihalopoulos, C. , Chatter-
ton, M.L. , Brazionis, L. , Dean, O.M. , Hodge, A.M. , Berk, M. ,
2017. A randomised controlled trial of dietary improvement for
adults with major depression (the ’SMILES’ trial). BMC Med. 15,
23 . 

Kanoski, S.E. , Meisel, R.L. , Mullins, A.J. , Davidson, T.L. , 2007. The
effects of energy-rich diets on discrimination reversal learning
and on BDNF in the hippocampus and prefrontal cortex of the
rat. Behav. Brain Res. 182, 57–66 . 

Labrousse, V.F. , Nadjar, A. , Joffre, C. , Costes, L. , Aubert, A. , Gre-
goire, S. , Bretillon, L. , Laye, S. , 2012. Short-term long chain
omega3 diet protects from neuroinflammatory processes and
memory impairment in aged mice. PLoS One 7, e36861 . 

Lai, J.S. , Hiles, S. , Bisquera, A. , Hure, A.J. , McEvoy, M. , Attia, J. ,
2014. A systematic review and meta-analysis of dietary patterns
and depression in community-dwelling adults. Am. J. Clin. Nutr.
99, 181–197 . 

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

Lassale, C. , Batty, G.D. , Baghdadli, A. , Jacka, F. , Sanchez-Ville-
gas, A. , Kivimaki, M. , Akbaraly, T. , 2018. Healthy dietary indices
and risk of depressive outcomes: a systematic review and meta–
analysis of observational studies. Mol. Psychiatry . 

Laus, M.F. , Vales, L.D. , Costa, T.M. , Almeida, S.S. , 2011. Early post-
natal protein-calorie malnutrition and cognition: a review of hu-
man and animal studies. Int. J. Environ. Res. Publ. Health 8,
590–612 . 

Leffa, D.D. , Valvassori, S.S. , Varela, R.B. , Lopes-Borges, J. , Dau-
mann, F. , Longaretti, L.M. , Dajori, A.L. , Quevedo, J. , An-
drade, V.M. , 2015. Effects of palatable cafeteria diet on cogni-
tive and noncognitive behaviors and brain neurotrophins’ levels
in mice. Metab. Brain Dis . 

Lepinay, A.L. , Larrieu, T. , Joffre, C. , Acar, N. , Garate, I. , Cas-
tanon, N. , Ferreira, G. , Langelier, B. , Guesnet, P. , Bretillon, L. ,
Parnet, P. , Laye, S. , Darnaudery, M. , 2015. Perinatal high-fat
diet increases hippocampal vulnerability to the adverse effects
of subsequent high-fat feeding. Psychoneuroendocrinology 53,
82–93 . 

Lumey, L.H. , Stein, A.D. , Susser, E. , 2011. Prenatal famine and
adult health. Annu. Rev. Publ. Health 32, 237–262 . 

Ly, V. , Bottelier, M. , Hoekstra, P.J. , Arias Vasquez, A. , Buite-
laar, J.K. , Rommelse, N.N. , 2017. Elimination diets’ efficacy
and mechanisms in attention deficit hyperactivity disorder and
autism spectrum disorder. Eur. Child. Adolesc. Psychiatry 26,
1067–1079 . 

Mallorqui-Bague, N. , Lozano-Madrid, M. , Toledo, E. , Corella, D. ,
Salas-Salvado, J. , Cuenca-Royo, A. , Vioque, J. , Roma-
guera, D. , Martinez, J.A. , Warnberg, J. , Lopez-Miranda, J. , Es-
Please cite this article as: R.A.H. Adan, E.M. van der Beek and J.K. B
health by what you eat, European Neuropsychopharmacology, https://d
truch, R. , Bueno-Cavanillas, A. , Alonso-Gomez, A. , Tur, J.A. ,
Tinahones, F.J. , Serra-Majem, L. , Martin, V. , Lapetra, J. ,
Vazquez, C. , Pinto, X. , Vidal, J. , Daimiel, L. , Gaforio, J.J. ,
Matia, P. , Ros, E. , Granero, R. , Buil-Cosiales, P. , Barragan, R. ,
Bullo, M. , Castaner, O. , Garcia-de-la-Hera, M. , Yanez, A.M. ,
Abete, I. , Garcia-Rios, A. , Ruiz-Canela, M. , Diaz-Lopez, A. ,
Jimenez-Murcia, S. , Martinez-Gonzalez, M.A. , De la Torre, R. ,
Fernandez-Aranda, F. , 2018. Type 2 diabetes and cognitive im-
pairment in an older population with overweight or obesity and
metabolic syndrome: baseline cross-sectional analysis of the
PREDIMED-plus study. Sci. Rep. 8, 16128 . 

Marques, T.M. , Wall, R. , O’Sullivan, O. , Fitzgerald, G.F. ,
Shanahan, F. , Quigley, E.M. , Cotter, P.D. , Cryan, J.F. , Di-
nan, T.G. , Ross, R.P. , Stanton, C. , 2015. Dietary trans-10,
cis-12-conjugated linoleic acid alters fatty acid metabolism and
microbiota composition in mice. Br. J. Nutr. 113, 728–738 . 

Marx, W. , Moseley, G. , Berk, M. , Jacka, F. , 2017. Nutritional psychi-
atry: the present state of the evidence. Proc. Nutr. Soc. 1–10 . 

Matta, J. , Hoertel, N. , Kesse-Guyot, E. , Plesz, M. , Wiernik, E. ,
Carette, C. , Czernichow, S. , Limosin, F. , Goldberg, M. , Zins, M. ,
Lemogne, C. , 2019. Diet and physical activity in the association
between depression and metabolic syndrome: constances study.
J. Affect. Disord. 244, 25–32 . 

McGrattan, A.M. , McGuinness, B. , McKinley, M.C. , Kee, F. , Pass-
more, P. , Woodside, J.V. , McEvoy, C.T. , 2019. Diet and inflam-
mation in cognitive ageing and Alzheimer’s disease. Curr. Nutr.
Rep. 8, 53–65 . 

McNamara, R.K. , Carlson, S.E. , 2006. Role of omega-3 fatty acids in
brain development and function: potential implications for the
pathogenesis and prevention of psychopathology. Prostaglandins
Leukot Essent. Fatty Acids 75, 329–349 . 

Mohammadpour, N. , Jazayeri, S. , Tehrani-Doost, M. , Djalali, M. ,
Hosseini, M. , Effatpanah, M. , Davari-Ashtiani, R. , Karami, E. ,
2018. Effect of vitamin D supplementation as adjunctive therapy
to methylphenidate on ADHD symptoms: a randomized, double
blind, placebo-controlled trial. Nutr. Neurosci. 21, 202–209 . 

Moreno-Agostino, D. , Caballero, F.F. , Martin-Maria, N. , Tyro-
volas, S. , Lopez-Garcia, P. , Rodriguez-Artalejo, F. , Haro, J.M. ,
Ayuso-Mateos, J.L. , Miret, M. , 2019. Mediterranean diet and
wellbeing: evidence from a nationwide survey. Psychol. Health
34, 321–335 . 

Morkl, S. , Wagner-Skacel, J. , Lahousen, T. , Lackner, S. , Ho-
lasek, S.J. , Bengesser, S.A. , Painold, A. , Holl, A.K. , Reining-
haus, E. , 2018. The role of nutrition and the gut-brain axis in
psychiatry: a review of the literature. Neuropsychobiology 1–9 . 

Morris, A.A.M. , 2005. Cerebral ketone body metabolism. J. Inherit.
Metab. Dis. 28, 109–121 . 

Mujcic, R. , Oswald, J. , 2016. Evolution of well-being and happiness
after increases in consumption of fruit and vegetables. Am. J.
Publ. Health 106, 1504–1510 . 

Mujico, J.R. , Baccan, G.C. , Gheorghe, A. , Diaz, L.E. , Marcos, A. ,
2013. Changes in gut microbiota due to supplemented fatty
acids in diet-induced obese mice. Br. J. Nutr. 110, 711–720 . 

Murphy, E.F. , Cotter, P.D. , Healy, S. , Marques, T.M. , O’Sullivan, O. ,
Fouhy, F. , Clarke, S.F. , O’Toole, P.W. , Quigley, E.M. , Stanton, C. ,
Ross, P.R. , O’Doherty, R.M. , Shanahan, F. , 2010. Composition
and energy harvesting capacity of the gut microbiota: rela-
tionship to diet, obesity and time in mouse models. Gut 59,
1635–1642 . 

Neal, E.G. , Chaffe, H. , Schwartz, R.H. , Lawson, M.S. , Edwards, N. ,
Fitzsimmons, G. , Whitney, A. , Cross, J.H. , 2008. The ketogenic
diet for the treatment of childhood epilepsy: a randomised con-
trolled trial. Lancet Neurol. 7, 500–506 . 

Nigg, J.T. , Lewis, K. , Edinger, T. , Falk, M. , 2012. Meta-analy-
sis of attention-deficit/hyperactivity disorder or attention-d-
eficit/hyperactivity disorder symptoms, restriction diet, and
synthetic food color additives. J. Am. Acad. Child. Adolesc. Psy-
chiatry 51, 86–97 e88 . 
uitelaar et al., Nutritional psychiatry: Towards improving mental 
oi.org/10.1016/j.euroneuro.2019.10.011 

http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0064
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0064
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0064
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0064
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0064
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0064
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0064
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0065
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0065
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0065
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0066
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0066
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0067
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0067
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0068
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0069
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0070
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0070
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0070
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0070
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0070
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0071
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0071
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0071
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0071
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0071
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0071
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0071
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0071
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0071
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0072
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0072
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0072
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0072
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0072
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0072
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0072
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0073
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0073
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0073
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0073
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0073
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0073
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0073
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0073
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0074
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0074
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0074
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0074
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0074
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0074
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0074
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0074
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0075
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0075
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0075
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0075
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0075
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0076
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0076
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0076
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0076
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0076
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0076
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0076
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0076
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0076
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0076
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0077
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0078
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0078
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0078
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0078
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0079
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0079
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0079
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0079
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0079
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0079
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0079
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0080
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0081
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0082
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0082
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0082
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0082
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0082
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0083
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0084
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0084
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0084
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0084
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0084
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0084
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0084
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0084
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0085
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0085
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0085
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0086
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0086
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0086
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0086
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0086
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0086
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0086
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0086
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0086
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0087
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0087
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0087
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0087
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0087
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0087
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0087
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0087
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0087
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0087
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0088
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0088
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0088
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0088
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0088
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0088
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0088
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0088
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0088
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0088
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0089
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0089
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0090
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0090
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0090
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0091
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0091
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0091
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0091
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0091
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0091
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0092
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0093
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0093
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0093
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0093
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0093
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0093
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0093
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0093
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0093
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0094
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0094
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0094
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0094
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0094
https://doi.org/10.1016/j.euroneuro.2019.10.011


Nutritional Psychiatry: Towards improving mental health 11 

ARTICLE IN PRESS 

JID: NEUPSY [m6+; November 14, 2019;9:39 ] 

N  

N  

O  

O
 

 

 

O  

O  

 

 

 

O  

 

 

P  

 

P  

 

 

 

P  

 

 

P  

 

 

P  

 

P  

 

 

P  

P  

 

P  

 

 

P  

 

P  

 

 

R  

 

 

R  

 

 

R  

 

 

R  

 

S  

 

 

 

 

 

 

S  

 

S  

 

S  

S  

 

 

 

 

S  

 

 

 

 

S  

 

S  

 

 

oble, E.E. , Hsu, T.M. , Kanoski, S.E. , 2017. Gut to brain dysbio-
sis: mechanisms linking western diet consumption, the micro- 
biome, and cognitive impairment. Front. Behav. Neurosci. 11, 
9 . 

ovak, E.M. , Dyer, R.A. , Innis, S.M. , 2008. High dietary omega-6
fatty acids contribute to reduced docosahexaenoic acid in the 
developing brain and inhibit secondary neurite growth. Brain 
Res. 1237, 136–145 . 

’Mahony, S.M. , Clarke, G. , Borre, Y.E. , Dinan, T.G. , Cryan, J.F. ,
2015. Serotonin, tryptophan metabolism and the brain-gut-mi- 
crobiome axis. Behav. Brain Res. 277, 32–48 . 

’Mahony, S.M. , McVey Neufeld, K.A. , Waworuntu, R.V. , 
Pusceddu, M.M. , Manurung, S. , Murphy, K. , Strain, C. , La-
guna, M.C. , Peterson, V.L. , Stanton, C. , Berg, B.M. , Dinan, T.G. ,
Cryan, J.F. , 2019. The enduring effects of early-life stress on
the microbiota-gut-brain axis are buffered by dietary supple- 
mentation with milk fat globule membrane and a prebiotic 
blend. Eur. J. Neurosci . 

liver, G. , Wardle, J. , 1999. Perceived effects of stress on food
choice. Physiol. Behav. 66, 511–515 . 

ng, K.K. , Kennedy, K. , Castaneda-Gutierrez, E. , Forsyth, S. ,
Godfrey, K.M. , Koletzko, B. , Latulippe, M.E. , Ozanne, S.E. ,
Rueda, R. , Schoemaker, M.H. , van der Beek, E.M. , van Bu-
uren, S. , Fewtrell, M. , 2015. Postnatal growth in preterm infants
and later health outcomes: a systematic review. Acta Paediatr. 
104, 974–986 . 

osting, A. , Verkade, H.J. , Kegler, D. , van de Heijning, B.J. , van
der Beek, E.M. , 2015. Rapid and selective manipulation of milk
fatty acid composition in mice through the maternal diet during
lactation. J. Nutr. Sci. 4, e19 . 

aans, N.P.G. , Gibson-Smith, D. , Bot, M. , van Strien, T. ,
Brouwer, I.A. , Visser, M. , Penninx, B. , 2019. Depression and eat-
ing styles are independently associated with dietary intake. Ap- 
petite 134, 103–110 . 

arletta, N. , Zarnowiecki, D. , Cho, J. , Wilson, A. , Bogomolova, S. ,
Villani, A. , Itsiopoulos, C. , Niyonsenga, T. , Blunden, S. ,
Meyer, B. , Segal, L. , Baune, B.T. , O’Dea, K. , 2019. A Mediter-
ranean-style dietary intervention supplemented with fish oil im- 
proves diet quality and mental health in people with depression:
a randomized controlled trial (HELFIMED). Nutr. Neurosci. 22, 
474–487 . 

atterson, E. , RM, O.D. , Murphy, E.F. , Wall, R. , O, O.S. , Ni-
laweera, K. , Fitzgerald, G.F. , Cotter, P.D. , Ross, R.P. , Stan-
ton, C. , 2014. Impact of dietary fatty acids on metabolic ac-
tivity and host intestinal microbiota composition in C57BL/6J 
mice. Br. J. Nutr. 111, 1905–1917 . 

eris-Sampedro, F. , Mounib, M. , Schele, E. , Edvardsson, C.E. ,
Stoltenborg, I. , Adan, R.A.H. , Dickson, S.L. , 2019. Impact of
free-choice diets high in fat and different sugars on metabolic
outcome and anxiety-like behavior in rats. Obesity 27, 
409–419 . 

orter, W.D. , Flatt, P.R. , Holscher, C. , Gault, V.A. , 2013. Liraglu-
tide improves hippocampal synaptic plasticity associated with 
increased expression of Mash1 in ob/ob mice. Int. J. Obes. 37,
678–684 . 

ortune, K.J. , Benitez-Paez, A. , Del Pulgar, E.M. , Cerrudo, V. ,
Sanz, Y. , 2016. Gut microbiota, diet and obesity-related disor-
ders – the good, the bad and the future challenges. Mol. Nutr.
Food Res . 

rado, E.L. , Dewey, K.G. , 2014. Nutrition and brain development in
early life. Nutr. Rev. 72, 267–284 . 

renderville, J.A. , Kennedy, P.J. , Dinan, T.G. , Cryan, J.F. , 2015.
Adding fuel to the fire: the impact of stress on the ageing brain.
Trends Neurosci. 38, 13–25 . 

rovensi, G. , Schmidt, S.D. , Boehme, M. , Bastiaanssen, T.F.S. ,
Rani, B. , Costa, A. , Busca, K. , Fouhy, F. , Strain, C. , Stan-
ton, C. , Blandina, P. , Izquierdo, I. , Cryan, J.F. , Passani, M.B. ,
2019. Preventing adolescent stress-induced cognitive and mi- 
Please cite this article as: R.A.H. Adan, E.M. van der Beek and J.K. B
health by what you eat, European Neuropsychopharmacology, https://d
crobiome changes by diet. Proc. Natl. Acad. Sci. U.S.A 116, 
9644–9651 . 

saltopoulou, T. , Sergentanis, T.N. , Panagiotakos, D.B. , Sergenta-
nis, I.N. , Kosti, R. , Scarmeas, N. , 2013. Mediterranean diet,
stroke, cognitive impairment, and depression: a meta-analysis. 
Ann. Neurol. 74, 580–591 . 

usceddu, M.M. , Kelly, P. , Ariffin, N. , Cryan, J.F. , Clarke, G. , Di-
nan, T.G. , 2015. n-3 PUFAs have beneficial effects on anxiety
and cognition in female rats: effects of early life stress. Psy-
choneuroendocrinology 58, 79–90 . 

apaport, M.H. , Nierenberg, A.A. , Schettler, P.J. , Kinkead, B. , Car-
doos, A. , Walker, R. , Mischoulon, D. , 2016. Inflammation as a
predictive biomarker for response to omega-3 fatty acids in ma-
jor depressive disorder: a proof-of-concept study. Mol. Psychia- 
try 21, 71–79 . 

avussin, Y. , Koren, O. , Spor, A. , LeDuc, C. , Gutman, R. ,
Stombaugh, J. , Knight, R. , Ley, R.E. , Leibel, R.L. , 2012. Re-
sponses of gut microbiota to diet composition and weight loss
in lean and obese mice. Obesity 20, 738–747 . 

oy, S. , Kale, A. , Dangat, K. , Sable, P. , Kulkarni, A. , Joshi, S. ,
2012. Maternal micronutrients (folic acid and vitamin B(12)) and
omega 3 fatty acids: implications for neurodevelopmental risk in
the rat offspring. Brain Dev. 34, 64–71 . 

ucklidge, J.J. , Eggleston, M.J.F. , Johnstone, J.M. , Darling, K. ,
Frampton, C.M. , 2018. Vitamin-mineral treatment improves ag- 
gression and emotional regulation in children with ADHD: a fully
blinded, randomized, placebo-controlled trial. J. Child. Psy- 
chol. Psychiatry 59, 232–246 . 

anchez-Villegas, A. , Cabrera-Suarez, B. , Molero, P. , Gon-
zalez-Pinto, A. , Chiclana-Actis, C. , Cabrera, C. , Lahorti-
ga-Ramos, F. , Florido-Rodriguez, M. , Vega-Perez, P. , Ve-
ga-Perez, R. , Pla, J. , Calvino-Cabada, M.J. , Ortuno, F. ,
Navarro, S. , Almeida, Y. , Hernandez-Fleta, J.L. , 2019. Prevent-
ing the recurrence of depression with a Mediterranean diet sup-
plemented with extra-virgin olive oil. The PREDI-DEP trial: study
protocol. BMC Psychiatry 19, 63 . 

andhu, K.V. , Sherwin, E. , Schellekens, H. , Stanton, C. , Dinan, T.G. ,
Cryan, J.F. , 2017. Feeding the microbiota-gut-brain axis: diet,
microbiome, and neuropsychiatry. Transl. Res. 179, 223–244 . 

arkar, A. , Harty, S. , Lehto, S.M. , Moeller, A.H. , Dinan, T.G. , Dun-
bar, R.I.M. , Cryan, J.F. , Burnet, P.W.J. , 2018. The microbiome in
psychology and cognitive neuroscience. Trends Cognit. Sci. 22, 
611–636 . 

arris, J. , 2019. Nutritional psychiatry: from concept to the clinic.
Drugs 79, 929–934 . 

arris, J. , Logan, A.C. , Akbaraly, T.N. , Amminger, G.P. , Balan-
za-Martinez, V. , Freeman, M.P. , Hibbeln, J. , Matsuoka, Y. ,
Mischoulon, D. , Mizoue, T. , Nanri, A. , Nishi, D. , Ramsey, D. ,
Rucklidge, J.J. , Sanchez-Villegas, A. , Scholey, A. , Su, K.P. ,
Jacka, F.N. International Society for Nutritional Psychiatry, R., 
2015a. Nutritional medicine as mainstream in psychiatry. Lancet
Psychiatry 2, 271–274 . 

arris, J. , Logan, A.C. , Akbaraly, T.N. , Paul Amminger, G. , Bal-
anza-Martinez, V. , Freeman, M.P. , Hibbeln, J. , Matsuoka, Y. ,
Mischoulon, D. , Mizoue, T. , Nanri, A. , Nishi, D. , Parletta, N. ,
Ramsey, D. , Rucklidge, J.J. , Sanchez-Villegas, A. , Scholey, A. ,
Su, K.P. , Jacka, F.N. , 2015b. International society for nutri-
tional psychiatry research consensus position statement: nu- 
tritional medicine in modern psychiatry. World Psychiatry 14, 
370–371 . 

chellekens, H. , Finger, B.C. , Dinan, T.G. , Cryan, J.F. , 2012. Ghrelin
signalling and obesity: at the interface of stress, mood and food
reward. Pharmacol. Ther. 135, 316–326 . 

chipper, L. , Oosting, A. , Scheurink, A.J. , van Dijk, G. , van der
Beek, E.M. , 2016. Reducing dietary intake of linoleic acid of
mouse dams during lactation increases offspring brain n-3 LCP-
UFA content. Prostaglandins Leukot Essent. Fatty Acids 110, 
8–15 . 
uitelaar et al., Nutritional psychiatry: Towards improving mental 
oi.org/10.1016/j.euroneuro.2019.10.011 

http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0095
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0095
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0095
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0095
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0096
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0096
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0096
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0096
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0097
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0097
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0097
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0097
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0097
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0097
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0098
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0099
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0099
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0099
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0100
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0101
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0101
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0101
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0101
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0101
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0101
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0102
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0102
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0102
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0102
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0102
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0102
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0102
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0102
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0103
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0104
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0104
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0104
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0104
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0104
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0104
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0104
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0104
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0104
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0104
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0104
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0105
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0105
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0105
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0105
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0105
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0105
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0105
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0105
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0106
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0106
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0106
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0106
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0106
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0107
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0107
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0107
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0107
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0107
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0107
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0108
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0108
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0108
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0109
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0109
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0109
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0109
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0109
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0110
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0111
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0111
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0111
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0111
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0111
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0111
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0111
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0112
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0112
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0112
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0112
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0112
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0112
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0112
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0113
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0113
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0113
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0113
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0113
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0113
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0113
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0113
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0114
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0114
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0114
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0114
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0114
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0114
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0114
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0114
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0114
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0114
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0115
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0115
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0115
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0115
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0115
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0115
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0115
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0116
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0116
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0116
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0116
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0116
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0116
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0117
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0118
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0118
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0118
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0118
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0118
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0118
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0118
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0119
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0119
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0119
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0119
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0119
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0119
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0119
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0119
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0119
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0120
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0120
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0121
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0122
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0123
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0123
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0123
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0123
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0123
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0124
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0124
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0124
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0124
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0124
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0124
https://doi.org/10.1016/j.euroneuro.2019.10.011


12 R.A.H. Adan, E.M. van der Beek and J.K. Buitelaar et al. 

ARTICLE IN PRESS 

JID: NEUPSY [m6+; November 14, 2019;9:39 ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Schwarzenberg, S.J. , Georgieff, M.K. Committee On, N., 2018. Ad-
vocacy for improving nutrition in the first 1000 days to support
childhood development and adult health. Pediatrics 141 . 

Scriven, M. , Dinan, T.G. , Cryan, J.F. , Wall, M. , 2018. Neuropsychi-
atric disorders: influence of Gut microbe to brain signalling. Dis-
eases 6 . 

Shafiei, F. , Salari-Moghaddam, A. , Larijani, B. , Esmaillzadeh, A. ,
2019. Adherence to the Mediterranean diet and risk of depres-
sion: a systematic review and updated meta-analysis of obser-
vational studies. Nutr. Rev. 77, 230–239 . 

Silva, D. , Guerreiro, M. , Maroco, J. , Santana, I. , Rodrigues, A. ,
Bravo Marques, J. , de Mendonca, A. , 2012. Comparison of four
verbal memory tests for the diagnosis and predictive value of
mild cognitive impairment. Dement Geriatr Cogn Dis Extra 2,
120–131 . 

Smith, A.D. , Warren, M.J. , Refsum, H. , 2018. Vitamin B12. Adv.
Food Nutr. Res. 83, 215–279 . 

Smyth, A. , Dehghan, M. , O’Donnell, M. , Anderson, C. , Teo, K. ,
Gao, P. , Sleight, P. , Dagenais, G. , Probstfield, J.L. , Mente, A. ,
Yusuf, S. Ontarget, Investigators, T, 2015. Healthy eating and re-
duced risk of cognitive decline: a cohort from 40 countries. Neu-
rology . 

Sonuga-Barke, E.J. , Brandeis, D. , Cortese, S. , Daley, D. , Ferrin, M. ,
Holtmann, M. , Stevenson, J. , Danckaerts, M. , van der Oord, S. ,
Dopfner, M. , Dittmann, R.W. , Simonoff, E. , Zuddas, A. , Ba-
naschewski, T. , Buitelaar, J. , Coghill, D. , Hollis, C. , Konofal, E. ,
Lecendreux, M. , Wong, I.C. , Sergeant, J. , European, A.G.G. ,
2013. Nonpharmacological interventions for ADHD: systematic
review and meta-analyses of randomized controlled trials of
dietary and psychological treatments. Am. J. Psychiatry 170,
275–289 . 

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

Tangney, C.C. , Aggarwal, N.T. , Li, H. , Wilson, R.S. , Decarli, C. ,
Evans, D.A. , Morris, M.C. , 2011. Vitamin B12, cognition, and
brain MRI measures: a cross-sectional examination. Neurology
77, 1276–1282 . 

Tolkien, K. , Bradburn, S. , Murgatroyd, C. , 2018. An anti-inflamma-
tory diet as a potential intervention for depressive disorders: a
systematic review and meta-analysis. Clin. Nutr. . 

Torres-Fuentes, C. , Schellekens, H. , Dinan, T.G. , Cryan, J.F. , 2017.
The microbiota-gut-brain axis in obesity. Lancet Gastroenterol.
Hepatol. 2, 747–756 . 

Turnbaugh, P.J. , Ridaura, V.K. , Faith, J.J. , Rey, F.E. , Knight, R. ,
Gordon, J.I. , 2009. The effect of diet on the human gut micro-
Please cite this article as: R.A.H. Adan, E.M. van der Beek and J.K. B
health by what you eat, European Neuropsychopharmacology, https://d
biome: a metagenomic analysis in humanized gnotobiotic mice.
Sci. Transl. Med. 1, 6ra14 . 

Valls-Pedret, C. , Lamuela-Raventos, R.M. , Medina-Remon, A. , Quin-
tana, M. , Corella, D. , Pinto, X. , Martinez-Gonzalez, M.A. , Es-
truch, R. , Ros, E. , 2012. Polyphenol-rich foods in the Mediter-
ranean diet are associated with better cognitive function in el-
derly subjects at high cardiovascular risk. J. Alzheimers Dis. 29,
773–782 . 

Valls-Pedret, C. , Sala-Vila, A. , Serra-Mir, M. , Corella, D. , de la
Torre, R. , Martinez-Gonzalez, M.A. , Martinez-Lapiscina, E.H. ,
Fito, M. , Perez-Heras, A. , Salas-Salvado, J. , Estruch, R. , Ros, E. ,
2015. Mediterranean diet and age-related cognitive decline: a
randomized clinical trial. JAMA Intern. Med . 

van de Wouw, M. , Schellekens, H. , Dinan, T.G. , Cryan, J.F. , 2017.
Microbiota-Gut-Brain axis: modulator of host metabolism and
appetite. J. Nutr. 147, 727–745 . 

Velasco, I. , Bath, S.C. , Rayman, M.P. , 2018. Iodine as essential nu-
trient during the first 1000 days of life. Nutrients 10 . 

Wang, J. , Zhou, Y. , Chen, K. , Jing, Y. , He, J. , Sun, H. , Hu, X. ,
2018a. Dietary inflammatory index and depression: a meta-anal-
ysis. Publ. Health Nutr. 1–7 . 

Wang, S. , Harvey, L. , Martin, R. , van der Beek, E.M. , Knol, J. ,
Cryan, J.F. , Renes, I.B. , 2018b. Targeting the gut microbiota to
influence brain development and function in early life. Neurosci.
Biobehav. Rev. 95, 191–201 . 

Witte, A.V. , Kerti, L. , Margulies, D.S. , Floel, A. , 2014. Effects of
resveratrol on memory performance, hippocampal functional
connectivity, and glucose metabolism in healthy older adults.
J. Neurosci. 34, 7862–7870 . 

Wu, K. , Gao, X. , Shi, B. , Chen, S. , Zhou, X. , Li, Z. , Gan, Y. , Cui, L. ,
Kang, J.X. , Li, W. , Huang, R. , 2016. Enriched endogenous n-3
polyunsaturated fatty acids alleviate cognitive and behavioral
deficits in a mice model of Alzheimer’s disease. Neuroscience
333, 345–355 . 

Xu, Z. , Knight, R. , 2015. Dietary effects on human gut microbiome
diversity. Br. J. Nutr. 113 (Suppl), S1–S5 . 

Yam, K.Y. , Schipper, L. , Reemst, K. , Ruigrok, S.R. , Abbink, M.R. ,
Hoeijmakers, L. , Naninck, E.F.G. , Zarekiani, P. , Oosting, A. , Van
der Beek, E.M. , Lucassen, P.J. , Korosi, A. , 2019. Increasing avail-
ability of omega-3 fatty acid in the early-life diet prevents the
early-life stress-induced cognitive impairments without affect-
ing metabolic alterations. FASEB J. 33, 5729–5740 . 

Zamroziewicz, M.K. , Talukdar, M.T. , Zwilling, C.E. , Barbey, A.K. ,
2017. Nutritional status, brain network organization, and gen-
eral intelligence. Neuroimage 161, 241–250 . 
uitelaar et al., Nutritional psychiatry: Towards improving mental 
oi.org/10.1016/j.euroneuro.2019.10.011 

http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0125
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0125
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0125
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0126
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0126
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0126
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0126
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0126
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0127
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0127
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0127
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0127
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0127
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0128
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0128
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0128
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0128
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0128
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0128
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0128
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0128
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0129
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0129
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0129
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0129
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0130
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0131
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0132
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0132
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0132
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0132
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0132
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0132
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0132
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0132
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0132
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0133
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0133
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0133
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0133
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0133
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0133
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0133
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0133
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0134
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0134
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0134
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0134
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0135
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0135
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0135
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0135
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0135
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0136
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0136
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0136
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0136
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0136
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0136
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0136
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0136
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0137
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0137
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0137
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0137
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0137
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0137
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0137
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0137
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0137
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0137
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0138
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0139
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0139
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0139
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0139
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0139
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0140
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0140
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0140
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0140
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0141
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0141
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0141
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0141
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0141
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0141
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0141
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0141
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0142
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0142
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0142
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0142
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0142
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0142
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0142
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0142
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0143
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0143
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0143
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0143
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0143
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0144
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0145
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0145
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0145
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0146
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0147
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0147
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0147
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0147
http://refhub.elsevier.com/S0924-977X(19)31723-7/sbref0147
https://doi.org/10.1016/j.euroneuro.2019.10.011

	Nutritional psychiatry: Towards improving mental health by what you eat
	1 The limited scientific evidence base for nutritional advice on mental health
	2 Evidence from meta-analyses that food affects mental health
	3 Deficiencies in vitamins and disease-specific diets impacting on mental health
	4 Diets for ADHD and autism
	5 Towards diets for mental health
	6 Diet, mental health and cognition across the lifespan
	7 Diet, mental health and cognition in adulthood and later life
	8 The importance of the microbiome
	9 Towards a better science-based advice on nutrition
	10 New concepts
	11 Conclusion
	Role of the funding source
	Contributors
	Declaration of Competing Interest
	Acknowledgments
	References


