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Abstract This paper discusses the emerging field of nutritional psychology and provides an

update on the now completed EU-funded MooDFOOD depression prevention

randomised controlled trial that assessed the effects of two nutrition-based

interventions for the prevention of depression in overweight or obese adults with

at least mild symptoms of depression. We first outline the problem of major

depression, the most common form of psychopathology and the largest

contributor to global disability, and then give an overview of the connection

between nutrition and depression; separating the evidence according to

prevention and treatment of depression. The extant literature is reviewed, and we

examine the implications for both prevention and treatment. Questions are posed

for further research in this emerging and important area.
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Introduction

Depression

Depression is highly prevalent (Wittchen et al. 2011;

Kessler & Bromet 2013) and has become a major pub-

lic health challenge. It is ranked by the World Health
Organization (WHO) as the single largest contributor

to global disability (World Health Organization 2017)
and a major contributor to suicidal behaviour (Hegerl

et al. 2019). Depression is enormously detrimental

economically with global annual associated costs esti-
mated to stand at $1 trillion (Chisholm et al. 2016).
While there are psychological and pharmacological

treatments available, efficacy in both has been shown
to be modest (Cuijpers et al. 2016; Cipriani et al.
2018), and it has been suggested that psychotherapy

treatment effects may have been overestimated (Cui-
jpers et al. 2019).

The problem is exacerbated because more than half

of individuals develop recurrent or chronic depression,
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spending some 20% of their life with a depressive dis-

order (Cuijpers, Beekman & Reynolds 2012). While
many do receive benefit from treatment, the propor-

tion of patients in remission following psychological

or pharmacological treatment is not high, typically less
than 50% (Kolovos et al. 2017; Van Bronswijk et al.
2019). There are also a number of barriers to seeking

help including a systemic lack of economic, social, sci-
entific and human resources (Kakuma et al. 2011;

Becker & Kleinman 2013) and individual-level barri-

ers, including perceived stigma, recognising symptoms
and a preference for self-reliance (Gulliver, Griffiths &

Christensen 2010). Unfortunately, this means that

most people in need of treatment for mental health
problems do not actually receive any (Kessler et al.
2005). It has been argued that even if we could collec-

tively overcome these barriers to treatment and
achieve 100% treatment coverage, the reduction in the

burden associated with affective disorders would only

be modest (approximately 35%) (Andrews et al.
2004). This speaks to the need for more efficacious

interventions (treatment and prevention) for current

depression that is both scalable and accessible. In
addition, researchers are now increasingly focussing

on prevention intervention strategies.
With a realisation that relying on treatment only is

unlikely to be enough to help everyone in need,

depression prevention interventions have now become
a global priority (Cuijpers, Beekman & Reynolds

2012; Ebert & Cuijpers 2018). Although it was once

thought by the National Institute of Mental Health
that prevention of depression was not a realistic goal,

‘In general, the onset of a clinical depression cannot

be prevented’ (Mu~noz, Beardslee & Leykin 2012),
subsequent work has shown that prevention interven-

tions can be a viable and effective approach to depres-

sion. For example, a systematic review of
psychological interventions for the prevention of

major depressive disorder in a range of different sam-

ples (e.g. adolescents, adults, primary care samples,
pregnant women and post-stroke patients) found that

interventions were able to reduce the risk of major

depression by 21% on average compared with control
groups (van Zoonen et al. 2014). No differences were

found in this review between intervention types. That

is, cognitive behavioural therapy, interpersonal psy-
chotherapy or other (e.g. problem solving). In fact, a

number of novel approaches to preventing depression

have yielded positive results including parental pro-
grammes (Yap et al. 2016), mindfulness (Raes et al.
2014) and exercise (Harvey et al. 2018). Another

emerging area with potential is nutritional psychology.

Nutrition and depression

The aetiology of depression is complex and not yet

fully understood but is thought to involve cognitive

(Watkins 2008; Gotlib & Joormann 2010), genetic

(Mullins & Lewis 2017) and environmental (LeMoult

et al. 2020) factors, as well as physiological factors

such as hormones (Owens et al. 2014), inflammatory

markers (Lamers et al. 2019) and arousal and wake-

fulness regulation (Hegerl & Hensch 2014; Jawinski

et al. 2019). Lifestyle factors are also thought to play

a role, including most notably sleep, exercise and diet

(Lopresti, Hood & Drummond 2013). We note that

the relationship between diet, nutrition and mood is

complex and likely to involve interactions and recipro-

cal relationships between subsystems. For example, it

is suggested that stress and depression can shape gut

microbiota, which in turn may affect stress and

depression (Madison & Kiecolt-Glaser 2019). It is also

increasingly recognised that modern lifestyles may lead

to unhealthy diets, which may in turn contribute to

both an obesogenic (Garc�ıa, Long & Rosado 2009;

Bl€uher 2019) and depressogenic social environment

(Hidaka 2012). The obesity global pandemic (Abarca-

G�omez et al. 2017) could be linked to depression as

the two factors often co-occur (Sutaria et al. 2019).

Obesity and depression may have a bi-directional rela-

tionship where increase in one is associated with

increase in the other over time (Luppino et al. 2010;

Marmorstein, Iacono & Legrand 2014). Furthermore,

obesity and depression might share common biological

mechanisms (Milaneschi et al. 2019), including, for

example, inflammatory processes (Bullmore 2018).

One emerging approach to either the prevention or

treatment of depression aims to improve diet and

nutritional status. Under this framework, it is
acknowledged that diet and nutritional status have an

important yet complex relationship with mental health

(Sanchez-Villegas & Mart�ınez-Gonz�alez 2013; Sarris
et al. 2015; Jacka 2017; Lassale et al. 2019), and per-

haps with depression in particular (Marx, Hoare &

Jacka 2019). Theoretically, nutrients from diet or sup-
plements are able to treat or prevent depression in

two main ways: helping the brain to function well and

providing neuroprotective effects. It has been shown,
for example, that omega-3 fatty acids have pluripotent

beneficial effects in the brain by upregulating adult

neurogenesis (Beltz et al. 2007) and brain-derived neu-
rotrophic factor (BDNF) protein expression (Wu, Ying

& Gomez-Pinilla 2004; Rao et al. 2007), promoting
metabolism, release, uptake and receptor functions of

key neurotransmitter systems (e.g. serotonin and
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dopamine) (Grosso et al. 2014a) and regulating stress

via the Hypothalamic-Pituitary-Adrenal Axis (Thesing
et al. 2018). Neuroprotection from nutrients may

come in the form of anti-inflammatory processes (Wall

et al. 2010), reducing apoptosis (Harms et al. 2011)
and reducing oxidative stress (Lima et al. 2018).

Research has assessed the links between specific

nutrients and the prevention or treatment of depres-
sion. For example, dietary omega-3 is associated with

a reduced risk of depression (Grosso et al. 2016),

omega-3 supplementation versus placebo has demon-
strated a beneficial effect on depressive symptoms

(Liao et al. 2019) and vitamin D supplementation may

benefit those with clinical depression (for a review on
the connection between vitamin D and depression see

Parker, Brotchie & Graham 2017). However, it has

also been argued that single nutrient supplementation
is unlikely to be maximally effective, given that nutri-

ents are not consumed in isolation (Opie et al. 2015).
A whole-diet approach on the other hand accounts for
the complex interplay between known and unknown

nutrients in the diet. Research in this area focuses on

high-quality diets that are nutrient dense and low in
ultra-processed foods (e.g. the Mediterranean diet or

traditional diet). There is robust observational evi-
dence to suggest that such high-quality diets are at

least associated with lower risk of incident depression

(Molendijk et al. 2018; Lassale et al. 2019; Nicolaou,
Colpo & Vermeulen 2019) and in addition, there is

likely to be a complex bidirectional relationship

between the two (Elstgeest et al. 2019). However,
more work in this nascent field is needed to test the

causal status of nutrients and diet quality and the pre-

vention of depression; in particular, more randomised
controlled nutritional intervention trials (RCTs) are

required.

Nevertheless, nutrition-based approaches are attrac-
tive candidates for mental health prevention strategies

for a number of reasons including the fact that they

have the potential to reach a large number of people
and have additional wide-ranging positive health bene-

fits including promoting healthy immune function

(Wintergerst, Maggini & Hornig 2007), and reducing
negative effects of diabetes (Salas-Salvad�o et al. 2015),
heart disease (Grosso et al. 2017) and cancer (Aune

et al. 2011). In addition, healthy diets can encourage
healthy weight loss which may itself provide wide-

ranging health benefits, potentially including prevent-

ing depression. Several studies have shown positive
effects of behavioural weight control on both

depressed mood and weight (e.g. Brinkworth et al.
2009; Faulconbridge et al. 2018) and as a result,

nutritional interventions could also lead to health eco-

nomic benefits (Gyles et al. 2012). The recently com-
pleted MooDFOOD intervention (Roca et al. 2016;

Bot et al. 2019) is one such randomised controlled

prevention trial that investigated the role of nutrition
and nutrition-related psychological factors on depres-

sion.

The MooDFOOD prevention trial and interventions

Mental health interventions can be comprised of either

treatment or prevention strategies and we argue that

the distinction is important in depression, while recog-
nising that the boundaries between the two can be

somewhat fuzzy. Primary prevention interventions are

often classified in two main ways, as universal, applied
to the whole population for the benefit of all or tar-
geted strategies that focus on sub-populations at ele-

vated risk for a disorder. The latter can be subdivided
into selective prevention, which focusses on known

risk factors for disorder (e.g. being overweight or

obese) and indicated prevention, where subpopulations
have symptoms that may suggest emerging disorder.

Treatment interventions on the other hand are

focussed on individuals who have already received a
clinical diagnosis and may target de novo episodes of

depression or help patients with chronic depression to

prevent relapse and recurrence. In the latter case, the
line between treatment and prevention becomes

blurred, including as it does secondary prevention.

The MooDFOOD trial adopted the definition recom-
mended by the American Institute of Medicine that

prevention refers to those interventions that occur

prior to the onset of clinical disorder for individuals
who have elevated symptoms of disorder but who do

not currently meet the criteria for a clinical disorder

(O’Connell, Boat & Warner 2009).
Participants in the MooDFOOD trial (Roca et al.

2016; Cabout, Brouwer & Visser 2017; Bot et al.
2019) were overweight or obese [mean body mass
index (BMI) = 31.4], aged 18-75 years

(mean = 46.5 years) with at least mild symptoms of

depression but no current depressive episode or diag-
nosis in the past 6 months. Participants were ran-

domised to daily multi-nutrient supplementation

versus pill placebo, and to a nutritionally based psy-
chological therapy; a multi-modal food-related beha-

vioural activation intervention (F-BA); versus no

behavioural activation intervention, for a 12-month
period. In this 2 x 2 factorial trial design, participants

were therefore allocated to one of four arms: F-BA
plus supplements (n = 256), no F-BA plus supplements
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(n = 256), F-BA plus placebo (n = 256) or no F-BA

plus placebo (n = 257). Measures were collected at
baseline (T0), 3 months (T3), 6 months (T6) and at

12 months (T12; end of trial).

Multi-nutrient supplementation intervention

The daily multi-nutrient supplement included one cap-

sule of long-chain omega-3 fatty acids containing

1412 mg of eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA) (ratio 3:1) and a pill containing sele-

nium (30 lg), folic acid (400 lg) and vitamin D3

(20 lg) along with calcium (100 mg). The matched
placebos used included one capsule of sunflower oil

(57% linoleic acid, 30% oleic acid) and one pill with

filling materials (microcrystalline cellulose; corn starch;
polyvinylpyrrolidone; crosslinked carboxymethylcellulose

sodium; magnesium stearate and magnesium silicate).

MooDFOOD trial food-related behavioural
activation intervention

The MooDFOOD F-BA prevention intervention was

based on the standard behavioural activation therapy
(BA) for depression model (Richards et al. 2017; Veale
2008; Watkins et al. 2011; Watkins et al. 2016) which

uses self-monitoring, functional analysis and activity
scheduling to encourage individuals to increase their

engagement with activities rather than avoid them

(Ekers et al. 2014; Richards et al. 2016). There was
strong emphasis on changing habitual behaviour by

identifying triggers, planning alternative responses and

repeating behaviours routinely to develop healthy
habits, focussing on both dietary habits (e.g. reducing
snacking and encouraging a Mediterranean-style diet)

and the mood-food relationship (e.g. reducing emo-
tional eating). The F-BA intervention was delivered by

psychologists, who were trained by a nutritionist, and

consisted of up to 21 sessions, initially individual
weekly (15) and fortnightly sessions, and subsequently

monthly group (6) sessions.

There was no evidence in the MooDFOOD trial
main analyses that either intervention was efficacious

in preventing episodes of clinical depression over a 12-

month period. However, in subsequent sensitivity
analyses, F-BA was shown to reduce symptoms of

depression for those with high baseline levels and

there was a depression-prevention effect of F-BA when
intervention adherence was taken into account (Bot

et al. 2019). The results for individual nutritional sup-

plements and the F-BA and their implications in the
context of current research are discussed below.

Evidence with respect to nutritional supplements

There was neither evidence of prevention of depressive

episodes nor any beneficial effects on depressive symp-

toms for daily nutrient-supplementation in the MooD-

FOOD trial, and there was even evidence that

depressive symptom outcomes were worse for those

taking supplements versus placebo (Bot et al. 2019).

This latter result is mirrored by that of a recent treat-

ment study that administered a combination nutraceu-

tical supplement to treat patients with clinical

depression (Sarris et al. 2019). In this study, the pla-

cebo was also shown to be superior in reducing

depressive symptoms in patients, in this case over an

8-week period. The authors point to the interesting

possibility that single nutrients may be more effective

than a ‘shotgun’ approach. However, it is also impor-

tant to remain open to the possibility that nutritional

supplementation may confer iatrogenic effects on indi-

viduals with mental health problems, or for those at

risk of ill mental health. In both the MooDFOOD

prevention trial and the above treatment trial reported

by Sarris et al., the data suggest that nutritional sup-

plements compared less favourably than placebo.

However, it is important to note that neither interven-

tion was associated with a rise in depressive symptoms

per se. Therefore, a more important concern may be

that, equipped with a misguided belief that nutritional

supplements are efficacious, people with an unfolding

serious mental illness may forgo seeking treatments

that are known be effective. There is also a risk that

with an erroneous belief in a ‘magic healthy pill’,

some individuals will not see the need to follow

healthy diets and lifestyles. In this regard, we urge

caution for recommending multi-supplements for the

prevention of depression and echo a recent statement

that physicians should not recommend omega-3 sup-

plements for reducing depression risk (Deane et al.

2019).

The evidence for the efficacy of nutritional supple-

ments in depression is to some extent moderated by

treatment versus prevention, as shown by the equivo-
cal results produced from meta-analyses of RCTs on

the treatment effect of omega-3 on depression. While

some have found that initial positive results may be
explained by publication bias (Bloch & Hannestad

2012) or that effects are only small and unlikely to be

clinically meaningful (Appleton et al. 2016), others
have shown more substantial beneficial treatment

effects (Grosso 2014a; Mocking et al. 2016; Bai et al.
2018; Firth et al. 2019a; Liao et al. 2019). While
effect sizes are generally found to be small to
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moderate (Firth et al. 2019b), these are comparable to

those found for anti-depressants (Schalkwijk et al.
2014). Interestingly, however, one meta-analysis (Hal-

lahan et al. 2016) found that omega-3 bestowed clini-

cal benefits for those diagnosed with depression but
no evidence for reduction of depressive symptoms for

populations without a depression diagnosis (although

see Grosso et al. 2014a for an alternative view). Simi-
larly, one meta-analysis (Mocking et al. 2016) found

greater treatment effects for depressed patients who

were also taking anti-depressants. In support of this
important distinction in the results between treatment

and prevention studies, the more recent meta-analysis

on the effect of omega-3 on the prevention of depres-
sion (MooDFOOD trial included) found no evidence

of a prophylactic effect (Deane et al. 2019). It should
be noted, however, that there is a paucity of research
on prevention and more is needed to draw firmer con-

clusions. In conclusion, current evidence suggests no

prevention effect of omega-3 on depression.
For treatment of depression, however, the extant

research suggests that omega-3 may be effective as an

adjunct to pharmacotherapy in terms of acceleration
of response or augmenting non-response (Schefft et al.
2017), or as a monotherapy (Hallahan et al. 2016).
EPA has been shown to more effective than DHA

(Martins, Bentsen & Puri 2012) and recommendations

for the optimal efficacious dose of EPA have been
given at approximately 1-2 grams (Guu et al. 2019),
although one meta-analysis found the most effective

dose was ≤ 1 g/day (Liao et al. 2019). In addition,
omega-3 may exert a stronger beneficial effect for

more severe cases of depression (Bloch & Hannestad

2012; Martins, Bentsen & Puri 2012), although this
effect cannot be considered a consistent finding

(Grosso et al. 2014b; Mocking et al. 2016).
Although there is less evidence available with which

to assess the efficacy of supplementation with nutri-

ents other than omega-3 in the treatment of depression

(see Firth et al. 2019b for a review), a small number
of RCTs have suggested that vitamin D supplementa-

tion may reduce depressive symptoms as a monother-

apy (Vellekkatt & Menon 2019). In the general
population, however, there is evidence for little to no

beneficial effects of vitamin D supplementation on

depressive symptoms (Elstgeest et al. 2017; De Koning
et al. 2019), while it is not currently possible to

exclude the possibility of a small beneficial effect for

those with low baseline levels of vitamin D (Elstgeest
et al. 2018) until further studies have been completed.

One trial underway is the VITAL-DEP study which is

assessing the effect of vitamin D and omega-3

supplementation on reducing the risk of clinical

depressive syndrome as well as the effect on mood
symptom scores as measured by the Patient Health

Questionnaire (Okereke et al. 2018). The results of

such trials will be informative and add to the evidence
base, enabling stronger conclusions to be made in the

future.

In addition, again with only limited evidence avail-
able, findings from meta-analysis suggests that folate

(Roberts, Carter & Young 2018) or zinc (Schefft et al.
2017) may be beneficial for patients with depressive
disorders as an adjunctive therapy to anti-depressant

medication. As an illustrative example of the findings,

one RCT administering a daily supplement of 25 mg
of zinc versus placebo in combination with a tricyclic

anti-depressant (Imipramine), depressive symptoms in

the zinc group significantly reduced for those with
treatment-resistant depression (Siwek et al. 2009).

Conversely, there is clearer evidence from RCTs show-

ing that supplementation with magnesium does not
improve symptoms in depressed patients (Phelan et al.
2018). In conclusion, the current evidence does not

support the use of supplements for the prevention of
depression. Although caution is advised and more tri-

als are required, there is some evidence to suggest that
omega-3 may give some benefit to individuals already

diagnosed with clinical depression, as an adjunctive

treatment or possibly as a monotherapy. A dearth of
RCTs for other nutrients prevents firmer conclusions

being drawn.

Evidence from behavioural approaches

The F-BA did not prevent incidence of depression in
the MooDFOOD trial, yet secondary analyses sug-

gested that the intervention may be effective for those

adhering highly to the intervention. These exploratory
analyses showed that for those with high adherence,

the F-BA lead to a 22% reduction in the incidence of

clinical depression over the course of the trial, an
effect which is comparable with previous psychologi-

cal prevention interventions (van Zoonen et al. 2014).
Secondary analyses also showed that the F-BA reduced
symptoms of depression at 12-month follow-up for

those with higher initial severity of depressive symp-

toms (Bot et al. 2019).
Although it is certainly possible that the underlying

cause of the reduction in symptoms seen for some par-

ticipants in the F-BA trial arm could be the (relatively
small) reduction in unhealthy food consumption and

increase in healthy food consumption (Grasso et al.
2019), our more recent analyses suggest that it is
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unlikely that targeting food consumption alone will

have a strong effect of reducing symptoms of depres-
sion. In mediation analyses on the MooDFOOD trial

data, we found no evidence to suggest that increasing

diet quality or reducing snacking per se explained the
apparent small beneficial effect of F-BA on depressive

symptoms (Owens et al., manuscript submitted for

publication). In this analysis, we did, however, find
that reductions in negative responses to food cues (i.e.
unrestrained eating and emotional eating) partially

explained the link. This is consistent with previous
analyses linking depression to these unhealthy eating

styles in the MooDFOOD cohort (Paans et al. 2018).
This evidence leads us to speculate that learning alter-
native habitual, healthier responses to such cues may

be a modifiable target for future interventions. A simi-

lar view can be found in research with patients with
obesity, where it has been proposed that the interac-

tion between psychological habits, mood and emo-

tional dysregulation is thought to be key in reducing
clinical obesity (see Raman, Smith & Hay 2013).

The F-BA in MooDFOOD has also been shown to

be feasible to carry out and was acceptable to the
majority of participants in the MooDFOOD trial

(Owens et al., manuscript submitted for publication),
which leaves open the possibility of refining and

further developing this novel approach to depression

prevention, combining both nutritional and psycholog-
ical/behavioural components. In this study, we found

a clear preference for individual versus group, which

has also been found for mental health treatment in
primary care (Lang 2005). When designing interven-

tions it is important to consider patient preference, a

factor that can predict good outcomes for individuals,
as shown by a recent study with depressed patients

showing a preference for one treatment over another

(person-centred counselling vs. low intensity cognitive
behavioural therapy) predicted the best treatment out-

comes (Cooper et al. 2018). Furthermore, evidence

from meta-analysis has demonstrated smaller thera-
peutic effects for group versus individual psychother-

apy for depressed patients (Cuijpers et al. 2014).

Whole-diet approaches

When comparing the evidence of whole-diet interven-
tions on depressive and anxiety symptoms, a recent

meta-analysis of 16 RCTs (the vast majority assessing

non-clinical depression) suggests that the whole-diet
approach may provide a small yet significant positive

benefit in reducing symptoms of depression (Firth
et al. 2019a). Effect sizes (Hedge’s g) for the

interventions were similar for depressive symptoms

when comparing those that aimed to improve nutri-
tion [K (number of studies) = 9, 0.365] and those aim-

ing to reduce fat intake (K = 4, 0.477), while the

effect size was smaller for those interventions focuss-
ing on weight loss (K = 4, 0.212). Fifteen studies in

this review of the literature were comprised of non-

clinical populations, with a single study, the SMILES
trial, using a clinical depression sample (Jacka et al.
2017). This study observed a very large difference in

the reduction of depression symptoms for a dietary
support group versus a social support group (Cohen’s

d effect size of –1.16). The only other whole-diet RCT

for clinical depression that we are aware of, and not
included in the recent review by Firth et al. (2019a) is
the HELFIMED trial (Parletta et al. 2019). This trial

recruited patients with general practitioner (GP)-re-
ported or self-reported depression and randomised

them to either a ‘MedDiet’ group receiving nutrition

education from dietitians and nutritionists, Mediter-
ranean-style food hampers, cooking workshops and

fish oil supplements for 6 months, or to fortnightly

social groups for 3 months. The results showed statis-
tically significant reductions in symptoms of depres-

sion for the MedDiet group, where 60% fewer
participants experienced ‘extremely severe’ depression.

A further clinical trial to look out for with results

forthcoming is the PREDI-DEP trial. This trial is
assessing the effect a dietitian-led Mediterranean-style

diet supplemented with olive oil on the prevention of

the recurrence of disorder for participants with a his-
tory of clinical depression (S�anchez-Villegas et al.
2019).

Role of weight loss

The focus of the MooDFOOD trial was on the pre-
vention of depression and the change in depressive

symptoms rather than weight loss per se and consis-

tent with this, trial participants lost less than 1 kilo-
gram of weight in the trial arms (0.3–0.8 kg), after

1 year of being in the study, with no significant differ-

ence between trial arms (Bot et al. 2019). Interven-
tions that specifically target weight loss with

psychotherapy, however, have been shown to reduce

emotional eating and cognitive restraint, but current
meta-analytic evidence suggests that cognitive beha-

vioural therapy specifically for weight loss (CBTWL)

is not superior to other interventions for depression
(Jacob et al. 2018). In this recent meta-analysis, the

majority of studies were not designed specifically to
reduce depression but interestingly one included study
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with obese women (Pagoto et al. 2013) which used

BA (as did MooDFOOD), reported reductions in
depressive symptoms and associated weight loss. More

recently, the RAINBOW RCT for patients with both

obesity and high levels of depressive symptoms
showed that an integrated intervention including a

weight loss programme and psychological therapy

including BA, reduced both BMI and depressive symp-
toms (Ma et al. 2019). In this study, baseline depres-

sive symptoms on the Patient Health Questionnaire

were higher than in the MooDFOOD trial (13.8 vs.
7.4 in MooDFOOD), adding credence to the sugges-

tion that behavioural approaches may be more effec-

tive for individuals with a higher level of baseline
symptomatology.

Conclusions and future directions

The nutrition-based approach to treat or prevent
depression reviewed here is a promising emerging field

that warrants further investigation. Treatment and

prevention of common mental health problems, such
as depression, is a pressing global priority and more

resources should be devoted to understanding what

works and for whom. We do not underestimate the
need for treatment of depression and indeed believe

that more resources should be devoted to develop new

treatments than is currently the case. We do empha-
sise, however, the need for greater efforts on preven-

tion. As has been pointed elsewhere, our society tends

to focus on the ‘rule of rescue’ rather than prevention.
However, this may well be ‘collective health care myo-

pia’ (O’Connell, Boat & Warner 2009). Prevention

efforts are not visible in the same way that treatment
effects are but can deliver cost-effective outcomes

(Ebert & Cuijpers 2018). It is also important to con-

sider that even small reductions in depressive symp-
toms on a population scale are likely to produce an

enormous public health benefit (Mu~noz et al. 2016).
Although there are still very few RCTs assessing

integrative nutritional and psychological approaches

to depression prevention, the current literature

includes evidence, albeit limited, that nutritional sup-
plements are not effective for the prevention of depres-

sion. It therefore remains an open question as to

whether future nutrition-based interventions will have
the ability to prevent depression. There is some evi-

dence, on the other hand, for small beneficial effects

of omega-3 supplements in the treatment of depression
as an adjunctive therapy. Whole-diet approaches may

yield beneficial effects on depressive symptoms in clini-
cal depression (see the SMILES trial; Jacka et al.

2017), although the majority of studies have used

non-clinical populations (Firth et al. 2019b). This lat-
ter fact leaves open the possibility that there is poten-

tial for depression prevention effects through whole-

diet approaches, but more research is needed in this
area to ascertain this.

We have also noted here that we should proceed

with caution to ensure that we do not cause harm,
either directly through any iatrogenic effects (e.g. neg-
ative effects of supplements) or by inadvertently sign-

posting those in need, whether they are patients with
clinical depression or individuals with elevated symp-

toms or with known risk factors for disorder, to inef-

fective interventions, when they might otherwise seek
help from interventions known to be efficacious.

Moreover, there are a number of important ques-

tions that remain unanswered in the emerging area of
nutritional psychology including but not limited to,

what components make an intervention work? For

whom will they be most effective? What are the
underlying mechanisms at play? Are they more effec-

tive for prevention or treatment? Under which condi-

tions will an intervention work and when will they
not? For example, in the MooDFOOD depression

prevention trial, the behavioural intervention was only
able to prevent depression in those with good adher-

ence to the protocol and was only able to reduce

symptoms of depression for those with higher initial
symptom levels. Several nutrition-related candidate

mechanisms of action are plausible in depression pre-

vention and treatment interventions, and future
research needs to tease these out. For example, is

change in nutrient status the key intervention ingredi-

ent (or perhaps only in those with an initially low sta-
tus), or perhaps, as we have ventured, swapping a

range of unhealthy behaviours for more healthy ones,

and making these habitual?
Equally, we need to know whether these types of

intervention are more effective as an indicated preven-

tion when a disorder is unfolding, or as a treatment
for severely depressed patients, or alternatively, more

as recurrence prevention. Who should deliver the

intervention to maximise its effectiveness? For
instance, in the review of diet quality interventions on

depression (Firth et al. 2019a), involvement of a nutri-

tional professional (e.g. dietitians or nutritionists) in
delivering dietary interventions was associated with a

significant reduction in depressive symptoms, whereas

interventions without such involvement fared no better
than control. We also do not know what the optimal

nutrient levels should be for mental health and wellbe-

ing and so a nutrition-based intervention may be
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personalised based on, for example, individual differ-

ences in initial omega-3 levels or perhaps levels of

inflammatory markers or their combination (Guu
et al. 2019). These and other questions should be the

focus of future research and given the often-blurred

boundaries between prevention and treatment, a
blended model of intervention in depression may be a

useful way to plan future work. We illustrate one such

model in Figure 1, adapted from O’Connell, Boat and
Warner (2009) and applied to the case of depression.

Prevention of depression may begin with health pro-

motion that includes psychoeducation on lifestyle fac-
tors known to be important in the etiopathogenesis of

the disorder such as diet, sleep and exercise (Lopresti

2019), or more broadly building resilience to stress.
Prevention of de novo depressions could be

approached through universal programmes, such as

dietary advice based on national dietary guidelines
and promoting positive healthy habits, or used in a

selective way for individuals with known risk factors

for depression. Alternatively prevention may be indi-
cated, where high levels of symptoms are present in

individuals but without disorder (e.g. Van Voorhees

et al. 2009). Personalised, or precision approaches to
intervention, including both prevention and treatment,

could be facilitated through a person-centred approach

of formulation, which summarises and integrates a
broad range of biopsychosocial putative causal factors.

For example, identifying diet quality, nutrient status,

psychological and behavioural patterns as well as
somatic and psychological symptoms may guide pro-

fessionals towards a more tailored intervention for a

given individual. Whether these approaches will turn
out to be valid is an empirical question and we need

to collect sufficient evidence before proceeding. As

discussed, depression can run a chronic course and

relapse is a major problem (Cuijpers, Beekman &

Reynolds 2012) and so future research should also test
the best approaches to prevention of relapse or recur-

rence. Finally, recognising that the ultimate goal for

some is not simply the absence of disorder, interven-
tion should ideally also consider ways in which to also

enhance more positive outcomes of wellbeing and

flourishing (Huppert & So 2013).
Finally, we recognise that depression is a complex

and heterogenous problem likely to involve a number

of interacting lifestyle factors, not only diet and nutri-
tion. The nature of these interactions and their relative

contribution in depression should be the focus of basic

science, applied research as well as clinical practice.
In conclusion, the psychological-nutritional

approach has shown promise for mental health and

depression treatment in particular but more work is
needed to understand the optimal strategies for those

in need, whether that means health promotion, graded

prevention or treatment, recurrence prevention or
facilitating greater wellbeing/flourishing, helping peo-

ple to live the life that they want to. More basic

science as well as rigorous, high-quality RCTs con-
ducted in well-described groups (e.g. those at higher

risk, clinical patients, those with a history of depres-

sion) are required to help us understand the underly-
ing mechanisms and moderating factors involved, and

to test novel interventions in the emerging field of

nutritional psychology.

Acknowledgements

This work was supported by the European Union FP7

MooDFOOD Project ‘Multi-country cOllaborative

Figure 1 A blended prevention and treatment model for depression based on earlier work (Mu~noz, Mrazek & Haggerty 1996; O’Connell, Boat & Warner

2009).

© 2020 The Authors. Nutrition Bulletin published by John Wiley & Sons Ltd on behalf of British Nutrition Foundation

8 M. Owens et al.



project on the rOle of Diet, FOod related behaviour,

and Obesity in the prevention of Depression’ (grant
agreement no. 613598). This work is supported in the

UK by the National Institute for Health Research

(NIHR), through the Primary Care Research Network
and the NIHR Exeter Clinical Research Facility. Fur-

ther information, including advice for health profes-

sionals, can be found here (www.moodfood.eu).

Conflict of interest

No conflicts of interest have been declared by any

author.

Author contributions

MO was the lead author on the manuscript. All

authors contributed to the writing of the manuscript

and approved the final version.

References

Abarca-G�omez L, Abdeen ZA, Hamid ZA et al. (2017) Worldwide

trends in body-mass index, underweight, overweight, and obesity

from 1975 to 2016: a pooled analysis of 2416 population-based

measurement studies in 128�9 million children, adolescents, and

adults. The Lancet 390: 2627–42.

Andrews G, Issakidis C, Sanderson K et al. (2004) Utilising survey

data to inform public policy: comparison of the cost-effectiveness

of treatment of ten mental disorders. British Journal of Psychiatry

184: 526–33.

Appleton KM, Sallis HM, Perry R et al. (2016) x-3 fatty acids for

major depressive disorder in adults: an abridged Cochrane review.

British Medical Journal Open 6: e010172.

Aune D, Chan DSM, Lau R et al. (2011) Dietary fibre, whole

grains, and risk of colorectal cancer: systematic review and dose-

response meta-analysis of prospective studies. British Medical

Journal 343: 1082.

Bai ZG, Bo A, Wu SJ et al. (2018) Omega-3 polyunsaturated fatty

acids and reduction of depressive symptoms in older adults: a sys-

tematic review and meta-analysis. Journal of Affective Disorders

241: 241–8.

Becker AE & Kleinman A (2013) Mental health and the global

agenda. New England Journal of Medicine 369: 66–73.

Beltz BS, Tlusty MF, Benton JL et al. (2007) Omega-3 fatty acids

upregulate adult neurogenesis. Neuroscience Letters 415: 154–8.

Bloch MH & Hannestad J (2012) Omega-3 fatty acids for the treat-

ment of depression: systematic review and meta-analysis. Molecu-

lar Psychiatry 17: 1272–82.

Bl€uher M (2019) Obesity: global epidemiology and pathogenesis.

Nature Reviews Endocrinology 15: 288–98.

Bot M, Brouwer IA, Roca M et al. (2019) Effect of multinutrient

supplementation and food-related behavioral activation therapy

on prevention of major depressive disorder among overweight or

obese adults with subsyndromal depressive symptoms: the

MooDFOOD randomized clinical trial. Journal of the American

Medical Association 321: 858–68.

Brinkworth GD, Buckley JD, Noakes M et al. (2009) Long-term

effects of a very low-carbohydrate diet and a low-fat diet on

mood and cognitive function. Archives of Internal Medicine 169:

1873–80.

Bullmore E (2018) Inflamed depression. The Lancet 392: 1189–90.

Cabout M, Brouwer IA & Visser M (2017) The MooDFOOD pro-

ject: prevention of depression through nutritional strategies. Nutri-

tion Bulletin 42: 94–103.

Chisholm D, Sweeny K, Sheehan P et al. (2016) Scaling-up treat-

ment of depression and anxiety: a global return on investment

analysis. The Lancet Psychiatry 3: 415–24.

Cipriani A, Furukawa TA, Salanti G et al. (2018) Comparative effi-

cacy and acceptability of 21 antidepressant drugs for the acute

treatment of adults with major depressive disorder: a systematic

review and network meta-analysis. The Lancet 391: 1357–66.

Cooper M, Messow CM, McConnachie A et al. (2018) Patient pref-

erence as a predictor of outcomes in a pilot trial of person-centred

counselling versus low-intensity cognitive behavioural therapy for

persistent sub-threshold and mild depression. Counselling Psychol-

ogy Quarterly 31: 460–76.

Cuijpers P, Beekman ATF & Reynolds CF (2012) Preventing depres-

sion: a global priority. Journal of the American Medical Associa-

tion 307: 1033–4.

Cuijpers P, Karyotaki E, Weitz E et al. (2014) The effects of psy-

chotherapies for major depression in adults on remission, recovery

and improvement: a meta-analysis. Journal of Affective Disorders

159: 118–26.

Cuijpers P, Cristea IA, Karyotaki E et al. (2016) How effective are

cognitive behavior therapies for major depression and anxiety dis-

orders? A meta-analytic update of the evidence. World Psychiatry

15: 245–58.

Cuijpers P, Karyotaki E, de Wit L et al. (2019) The effects of fifteen

evidence-supported therapies for adult depression: a meta-analytic

review. Psychotherapy Research 30: 1–15.

De Koning EJ, Lips P, Penninx BWJH et al. (2019) Vitamin D sup-

plementation for the prevention of depression and poor physical

function in older persons: the D-Vitaal study, a randomized clini-

cal trial. American Journal of Clinical Nutrition 110: 1119–30.

Deane KHO, Jimoh OF, Biswas P et al. (2019) Omega-3 and

polyunsaturated fat for prevention of depression and anxiety

symptoms: systematic review and meta-analysis of randomised tri-

als. The British Journal of Psychiatry 234: 1–8. https://doi.org/10.

1192/bjp.2019.234

Ebert DD & Cuijpers P (2018) It is time to invest in the prevention

of depression. JAMA Network Open 1: e180335.

Ekers D, Webster L, Van Straten A et al. (2014) Behavioural activa-

tion for depression; an update of meta-analysis of effectiveness

and sub group analysis. PLoS One 9: e100100.

Elstgeest LEM, Brouwer IA, Penninx BWH et al. (2017) Vitamin

B12, homocysteine and depressive symptoms: a longitudinal study

among older adults. European Journal of Clinical Nutrition 71:

468–75.

Elstgeest LEM, Visser M, Penninx BWJH et al. (2019) Bidirectional

associations between food groups and depressive symptoms: longi-

tudinal findings from the Invecchiare in Chianti (InCHIANTI)

study. British Journal of Nutrition 121: 439–50.

© 2020 The Authors. Nutrition Bulletin published by John Wiley & Sons Ltd on behalf of British Nutrition Foundation

Nutrition and depression 9

http://www.moodfood.eu
https://doi.org/10.1192/bjp.2019.234
https://doi.org/10.1192/bjp.2019.234


Faulconbridge LF, Driscoll CFB, Hopkins CM et al. (2018) Com-

bined treatment for obesity and depression: a pilot study. Obesity

26: 1144–52.

Firth J, Marx W, Dash S et al. (2019) The effects of dietary

improvement on symptoms of depression and anxiety: a meta-

analysis of randomized controlled trials. Psychosomatic Medicine

81: 265–80.

Firth J, Teasdale SB, Allott K et al. (2019) The efficacy and safety of

nutrient supplements in the treatment of mental disorders: a meta-

review of meta-analyses of randomized controlled trials. World

Psychiatry 18: 308–24.

Garc�ıa OP, Long KZ & Rosado JL (2009) Impact of micronutrient

deficiencies on obesity. Nutrition Reviews 67: 559–72.

Gotlib IH & Joormann J (2010) Cognition and depression: current

status and future directions. Annual Review of Clinical Psychol-

ogy 6: 285–312.

Grasso AC, Olthof MR, van Dooren C et al. (2019) Effect of

food-related behavioral activation therapy on food intake and

the environmental impact of the diet: results from the

MooDFOOD prevention trial. European Journal of Nutrition 23:

1–13.

Grosso G, Galvano F, Marventano S et al. (2014) Omega-3 fatty

acids and depression: scientific evidence and biological mecha-

nisms. Oxidative Medicine and Cellular Longevity 2014: 1–16.

Grosso G, Pajak A, Marventano S et al. (2014) Role of omega-3 fatty

acids in the treatment of depressive disorders: a comprehensive

meta-analysis of randomized clinical trials. PLoS One 9: e96905.

Grosso G, Micek A, Marventano S et al. (2016) Dietary n-3 PUFA,

fish consumption and depression: a systematic review and meta-

analysis of observational studies. Journal of Affective Disorders

205: 269–81.

Grosso G, Marventano S, Yang J et al. (2017) A comprehensive

meta-analysis on evidence of Mediterranean diet and cardiovascu-

lar disease: are individual components equal? Critical Reviews in

Food Science and Nutrition 57: 3218–32.

Gulliver A, Griffiths KM & Christensen H (2010) Perceived barriers

and facilitators to mental health help-seeking in young people: a

systematic review. BMC Psychiatry 10: 113.

Guu T-W, Mischoulon D, Sarris J et al. (2019) International society

for nutritional psychiatry research practice guidelines for omega-3

fatty acids in the treatment of major depressive disorder.

Psychotherapy and Psychosomatics 88: 263–73.

Gyles CL, Lenoir-Wijnkoop I, Carlberg JG et al. (2012) Health

economics and nutrition: a review of published evidence.

Nutrition Reviews 70: 693–708.

Hallahan B, Ryan T, Hibbeln JR et al. (2016) Efficacy of omega-3

highly unsaturated fatty acids in the treatment of depression. Bri-

tish Journal of Psychiatry 209: 192–201.

Harms LR, Burne THJ, Eyles DW et al. (2011) Vitamin D and the

brain. Best Practice and Research Clinical Endocrinology &

Metabolism 25: 657–69.

Harvey SB, Overland S, Hatch SL et al. (2018) Exercise and the

prevention of depression: results of the HUNT cohort study.

American Journal of Psychiatry 175: 28–36.

Hegerl U & Hensch T (2014) The vigilance regulation model of

affective disorders and ADHD. Neuroscience and Biobehavioral

Reviews 44: 45–57.

Hegerl U, Maxwell M, Harris F et al. (2019) Prevention of

suicidal behaviour: results of a controlled community-based

intervention study in four European countries. PLoS One 14:

e0224602.

Hidaka BH (2012) Depression as a disease of modernity: explana-

tions for increasing prevalence. Journal of Affective Disorders

140: 205–14.

Huppert FA & So TTC (2013) Flourishing across Europe: applica-

tion of a new conceptual framework for defining well-being.

Social Indicators Research 110: 837–61.

Jacka FN (2017) Nutritional psychiatry: where to next? EBioMedi-

cine 17: 24–9.

Jacka FN, O’Neil A, Opie R et al. (2017) A randomised controlled

trial of dietary improvement for adults with major depression (the

“SMILES” trial). BMC Medicine 15: 23.

Jacob A, Moullec G, Lavoie KL et al. (2018) Impact of cognitive-be-

havioral interventions on weight loss and psychological outcomes:

a meta-analysis. Health Psychology 37: 417–32.

Jawinski P, Kirsten H, Sander C et al. (2019) Human brain arousal

in the resting state: a genome-wide association study. Molecular

Psychiatry 24: 1599–609.

Kakuma R, Minas H, Van Ginneken N et al. (2011) Human

resources for mental health care: current situation and strategies

for action. The Lancet 378: 1654–63.

Kessler RC & Bromet EJ (2013) The epidemiology of depression

across cultures. Annual Review of Public Health 34: 119–38.

Kessler RC, Demler O, Frank RG et al. (2005) Prevalence and treat-

ment of mental disorders, 1990 to 2003. New England Journal of

Medicine 352: 2515–23.

Kolovos S, van Tulder MW, Cuijpers P et al. (2017) The effect of

treatment as usual on major depressive disorder: a meta-analysis.

Journal of Affective Disorders 210: 72–81.

Lamers F, Milaneschi Y, Smit JH et al. (2019) Longitudinal associa-

tion between depression and inflammatory markers: results from

the netherlands study of depression and anxiety. Biological Psy-

chiatry 85: 829–37.

Lang AJ (2005) Mental health treatment preferences of primary care

patients. Journal of Behavioral Medicine 28: 581–6.

Lassale C, Batty GD, Baghdadli A et al. (2019) Healthy dietary

indices and risk of depressive outcomes: a systematic review and

meta-analysis of observational studies. Molecular Psychiatry 24:

965–86.

LeMoult J, Humphreys KL, Tracy A et al. (2020) Meta-analysis:

exposure to early life stress and risk for depression in childhood

and adolescence. Journal of the American Academy of Child and

Adolescent Psychiatry 59: 842–55.

Liao Y, Xie B, Zhang H et al. (2019) Efficacy of omega-3 PUFAs in

depression: a meta-analysis. Translational Psychiatry 9: 190.

Lima LAR, Lopes MJP, Costa RO et al. (2018) Vitamin D protects

dopaminergic neurons against neuroinflammation and oxidative

stress in hemiparkinsonian rats. Journal of Neuroinflammation

15: 249.

Lopresti AL (2019) It is time to investigate integrative approaches to

enhance treatment outcomes for depression? Medical Hypotheses

126: 82–94.

Lopresti AL, Hood SD & Drummond PD (2013) A review of life-

style factors that contribute to important pathways associated

with major depression: diet, sleep and exercise. Journal of Affec-

tive Disorders 148: 12–27.

Luppino FS, De Wit LM, Bouvy PF et al. (2010) Overweight,

obesity, and depression: a systematic review and meta-analysis

© 2020 The Authors. Nutrition Bulletin published by John Wiley & Sons Ltd on behalf of British Nutrition Foundation

10 M. Owens et al.



of longitudinal studies. Archives of General Psychiatry 67:

220–9.

Ma J, Rosas LG, Lv N et al. (2019) Effect of integrated behavioral

weight loss treatment and problem-solving therapy on body mass

index and depressive symptoms among patients with obesity and

depression: the RAINBOW randomized clinical trial. Journal of

the American Medical Association 321: 869–79.

Madison A & Kiecolt-Glaser JK (2019) Stress, depression, diet, and

the gut microbiota: human–bacteria interactions at the core of

psychoneuroimmunology and nutrition. Current Opinion in

Behavioral Sciences 28: 105–10.

Marmorstein NR, Iacono WG & Legrand L (2014) Obesity and

depression in adolescence and beyond: Reciprocal risks. Interna-

tional Journal of Obesity 38: 906–11.

Martins JG, Bentsen H & Puri BK (2012) NEWS AND COMMEN-

TARY EPA in major depressive disorder Eicosapentaenoic acid

appears to be the key omega-3 fatty acid component associated

with efficacy in major depressive disorder: a critique of Bloch and

Hannestad and updated meta-analysis. Molecular Psychiatry 17:

1144–9.

Marx W, Hoare E & Jacka F (2019) Diet and depression: from epi-

demiology to novel therapeutics. Neurobiology of Depression 19:

285–92.

Milaneschi Y, Simmons WK, van Rossum EFC et al. (2019) Depres-

sion and obesity: evidence of shared biological mechanisms.

Molecular Psychiatry 24: 18–33.

Mocking RJT, Harmsen I, Assies J et al. (2016) Meta-analysis and

meta-regression of omega-3 polyunsaturated fatty acid supplemen-

tation for major depressive disorder. Translational Psychiatry 6:

e756.

Molendijk M, Molero P, Ortu~no S�anchez-Pedre~no F et al. (2018)

Diet quality and depression risk: a systematic review and dose-re-

sponse meta-analysis of prospective studies. Journal of Affective

Disorders 226: 346–54.

Mullins N & Lewis CM (2017) Genetics of depression: progress at

last. Current Psychiatry Reports 19: 1–7.

Mu~noz RF, Mrazek PJ & Haggerty RJ (1996) Institute of Medicine

report on prevention of mental disorders. Summary and commen-

tary. The American Psychologist 51: 1116–22.

Mu~noz RF, Beardslee WR & Leykin Y (2012) Major depression can

be prevented. The American Psychologist 67: 285–95.

Mu~noz RF, Bunge EL, Chen K et al. (2016) Massive open online

interventions: a novel model for delivering behavioral-health ser-

vices worldwide. Clinical Psychological Science 4: 194–205.

Nicolaou M, Colpo M & Vermeulen E (2019) Association of a pri-

ori dietary patterns with depressive symptoms: a harmonized

meta-analysis of observational studies. Psychological Medicine 1–

12. https://doi.org/10.1017/S0033291719001958.

O’Connell ME, Boat T & Warner KE (2009) Preventing mental,

emotional, and behavioral disorders among young people: Pro-

gress and possibilities. In: Preventing Mental, Emotional, and

Behavioral Disorders Among Young People: Progress and Possi-

bilities. https://doi.org/10.17226/12480

Okereke OI, Reynolds CF, Mischoulon D et al. (2018) The VITamin

D and OmegA-3 TriaL-Depression Endpoint Prevention (VITAL-

DEP): rationale and design of a large-scale ancillary study evaluat-

ing vitamin D and marine omega-3 fatty acid supplements for pre-

vention of late-life depression. Contemporary Clinical Trials 68:

133–45.

Opie RS, O’Neil A, Itsiopoulos C et al. (2015) The impact of

whole-of-diet interventions on depression and anxiety: a system-

atic review of randomised controlled trials. Public Health Nutri-

tion 18: 2074–93.

Owens M, Watkins E, Bot M et al. (manuscript submitted for publi-

cation) Acceptability and feasibility of two interventions in the

MooDFOOD trial: a food-related depression prevention ran-

domised controlled trial in overweight adults with subsyndromal

symptoms of depression.

Owens M, Herbert J, Jones PB et al. (2014) Elevated morning corti-

sol is a stratified populationlevel biomarker for major depression

in boys only with high depressive symptoms. Proceedings of the

National Academy of Sciences of the United States of America

111: 3638–43.

Paans NPG, Bot M, Brouwer IA et al. (2018) The association

between depression and eating styles in four European countries:

the MooDFOOD prevention study. Journal of Psychosomatic

Research 108: 85–92.

Pagoto S, Schneider KL, Whited MC et al. (2013) Randomized con-

trolled trial of behavioral treatment for comorbid obesity and

depression in women: the Be Active Trial. International Journal of

Obesity 37: 1427–34.

Parker GB, Brotchie H & Graham RK (2017) Vitamin D and

depression. Journal of Affective Disorders 208: 56–61.

Parletta N, Zarnowiecki D, Cho J et al. (2019) A Mediterranean-

style dietary intervention supplemented with fish oil improves diet

quality and mental health in people with depression: a random-

ized controlled trial (HELFIMED). Nutritional Neuroscience 22:

474–87.

Phelan D, Molero P, Mart�ınez-Gonz�alez MA et al. (2018) Magne-

sium and mood disorders: systematic review and meta-analysis.

BJPsych Open 4: 167–79.

Raes F, Griffith JW, Van der Gucht K et al. (2014) School-Based

prevention and reduction of depression in adolescents: a cluster-

randomized controlled trial of a mindfulness group program.

Mindfulness 5: 477–86.

Raman J, Smith E & Hay P (2013) The clinical obesity maintenance

model: an integration of psychological constructs including mood,

emotional regulation, disordered overeating, habitual cluster beha-

viours, health literacy and cognitive function. Journal of Obesity

2013: 240128.

Rao JS, Ertley RN, Lee HJ et al. (2007) n-3 Polyunsaturated fatty

acid deprivation in rats decreases frontal cortex BDNF via a

p38 MAPK-dependent mechanism. Molecular Psychiatry 12:

36–46.

Richards DA, Ekers D, McMillan D et al. (2016) Cost and Outcome

of Behavioural Activation versus Cognitive Behavioural Therapy

for Depression (COBRA): a randomised, controlled, non-inferior-

ity trial. The Lancet 388: 871–80.

Richards DA, Rhodes S, Ekers D et al. (2017) Cost and outcome of

behavioural activation (COBRA): a randomised controlled trial of

behavioural activation versus cognitive-behavioural therapy for

depression. Health Technology Assessment 21: 1–365.

Roberts E, Carter B & Young AH (2018) Caveat emptor: folate in

unipolar depressive illness, a systematic review and meta-analysis.

Journal of Psychopharmacology 32: 377–84.

Roca M, Kohls E, Gili M et al. (2016) Prevention of depression through

nutritional strategies in high-risk persons: rationale and design of the

MooDFOOD prevention trial. BMC Psychiatry 16: 192.

© 2020 The Authors. Nutrition Bulletin published by John Wiley & Sons Ltd on behalf of British Nutrition Foundation

Nutrition and depression 11

https://doi.org/10.1017/S0033291719001958
https://doi.org/10.17226/12480


Salas-Salvad�o J, Guasch-Ferr�e M, Lee C-H et al. (2015) Protective

effects of the mediterranean diet on type 2 diabetes and metabolic

syndrome. The Journal of Nutrition 146: 920S–7S.

S�anchez-Villegas A, Cabrera-Su�arez B, Molero P et al. (2019)

Preventing the recurrence of depression with a Mediterranean diet

supplemented with extra-virgin olive oil. The PREDI-DEP trial:

study protocol. BMC Psychiatry 19: 63.

Sanchez-Villegas A & Mart�ınez-Gonz�alez MA (2013) Diet, a new

target to prevent depression? BMC Medicine 11: 3.

Sarris J, Logan AC, Akbaraly TN et al. (2015) Nutritional

medicine as mainstream in psychiatry. The Lancet Psychiatry 2:

271–4.

Sarris J, Byrne GJ, Stough C et al. (2019) Nutraceuticals for major

depressive disorder- more is not merrier: an 8-week double-blind,

randomised, controlled trial. Journal of Affective Disorders 245:

1007–15.

Schalkwijk S, Undurraga J, Tondo L et al. (2014) Declining effi-

cacy in controlled trials of antidepressants: Effects of placebo

dropout. International Journal of Neuropsychopharmacology 17

1343–52.

Schefft C, Kilarski LL, Bschor T et al. (2017) Efficacy of adding

nutritional supplements in unipolar depression: a systematic

review and meta-analysis. European Neuropsychopharmacology

27: 1090–109.

Siwek M, Dudek D, Paul IA et al. (2009) Zinc supplementation aug-

ments efficacy of imipramine in treatment resistant patients: a

double blind, placebo-controlled study. Journal of Affective Disor-

ders 118: 187–95.

Sutaria S, Devakumar D, Yasuda SS et al. (2019) Is obesity associ-

ated with depression in children? Systematic review and meta-

analysis. Archives of Disease in Childhood 104: 64–74.

Thesing CS, Bot M, Milaneschi Y et al. (2018) Omega-3 polyunsat-

urated fatty acid levels and dysregulations in biological stress sys-

tems. Psychoneuroendocrinology 97: 206–15.

Van Bronswijk S, Moopen N, Beijers L et al. (2019) Effectiveness of

psychotherapy for treatment-resistant depression: a meta-analysis

and meta-regression. Psychological Medicine 49: 366–79.

Van Voorhees BW, Fogel J, Reinecke MA et al. (2009) Randomized

clinical trial of an internet-based depression prevention program

for adolescents (Project CATCH-IT) in primary care: 12-week

outcomes. Journal of Developmental and Behavioral Pediatrics

30: 23–37.

Veale D (2008) Behavioural activation for depression. Advances in

Psychiatric Treatment 14: 29–36.

Vellekkatt F & Menon V (2019) Efficacy of Vitamin D supplemen-

tation in major depression: a meta-analysis of randomized con-

trolled trials. Journal of Postgraduate Medicine 65: 74–80.

Wall R, Ross RP, Fitzgerald GF et al. (2010) Fatty acids from fish:

the anti-inflammatory potential of long-chain omega-3 fatty acids.

Nutrition Reviews 68: 280–9.

Watkins ER (2008) Constructive and unconstructive repetitive

thought. Psychological Bulletin 134: 163–206.

Watkins ER, Mullan E, Wingrove J et al. (2011) Rumination-fo-

cused cognitive-behavioural therapy for residual depression: phase

II randomised controlled trial. British Journal of Psychiatry 199:

317–22.

Watkins E, Newbold A, Tester-Jones M et al. (2016) Implementing

multifactorial psychotherapy research in online virtual environ-

ments (IMPROVE- 2): study protocol for a phase III trial of the

MOST randomized component selection method for internet cogni-

tive-behavioural therapy for depression. BMC Psychiatry 16: 345.

Wintergerst ES, Maggini S & Hornig DH. (2007) Contribution of

selected vitamins and trace elements to immune function. Annals

of Nutrition and Metabolism 51: 301–23.

Wittchen HU, Jacobi F, Rehm J et al. (2011) The size and burden of

mental disorders and other disorders of the brain in Europe 2010.

European Neuropsychopharmacology 21: 655–79.

World Health Organization (2017) Depression and Other Common

Mental Disorders: Global Health Estimates. Available at: http://

apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-

MER-2017.2-eng.pdf;jsessionid=FF5A7B1D7D63B6455DEA1

C5E6E7332B9?sequence=1. (accessed 16 June 2020).

Wu A, Ying Z & Gomez-Pinilla F (2004) Dietary omega-3 fatty

acids normalize BDNF levels, reduce oxidative damage, and coun-

teract learning disability after traumatic brain injury in rats. Jour-

nal of Neurotrauma 21: 1457–67.

Yap MBH, Morgan AJ, Cairns K et al. (2016) Parents in prevention:

a meta-analysis of randomized controlled trials of parenting inter-

ventions to prevent internalizing problems in children from birth

to age 18. Clinical Psychology Review 50: 138–58.

van Zoonen K, Buntrock C, Ebert DD et al. (2014) Preventing the

onset of major depressive disorder: a meta-analytic review of psy-

chological interventions. International Journal of Epidemiology

43: 318–29.

© 2020 The Authors. Nutrition Bulletin published by John Wiley & Sons Ltd on behalf of British Nutrition Foundation

12 M. Owens et al.

http://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf;jsessionid=FF5A7B1D7D63B6455DEA1C5E6E7332B9?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf;jsessionid=FF5A7B1D7D63B6455DEA1C5E6E7332B9?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf;jsessionid=FF5A7B1D7D63B6455DEA1C5E6E7332B9?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf;jsessionid=FF5A7B1D7D63B6455DEA1C5E6E7332B9?sequence=1

