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ABSTRACT

Although current evidence confirms the importance of diet for mental health, many psychologists
avoid discussing dietary intake with clients, questioning whether this information is within their
scope of practice. This article provides psychologists with a review focused on the connection
between what we eat and how we feel. Eating a healthy, whole-foods-based diet is an important
tool to promote mental health recovery and maintenance. We begin by reviewing several mechan-
isms by which nutrients maximize brain health, including enabling metabolic reactions to occur,
supporting mitochondrial function, reducing inflammation and assisting with detoxification.
Understanding the vital role of nutrients for brain health will aid clients in understanding the
importance of optimizing their intake of a range of nutrients in order to maximize their mental
health: no single nutrient is sufficient. Next, we summarize evidence relating diet to mental health,
followed by a consideration of circumstances that may contribute to a client requiring additional
nutrients, such as chronic stress, medication use, individual biochemistry, and consuming nutrient-
depleted food. The evidence base for treating psychological problems in children with supplemen-
tary nutrients is then reviewed, and a case study of a child whose self-regulatory skills improved
with broad-spectrum multinutrients is used to illustrate this treatment. The breadth and consis-
tency of the research highlights the importance of children receiving a good foundation of
nutrients for optimizing brain health. Finally, we offer practical suggestions for psychologists to
incorporate this information into their clinical practice and discuss these suggestions within the
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context of informed consent.

Many clinical psychologists routinely focus on life-
style factors in their therapeutic work with clients,
providing recommendations about exercise, stress
management, and strengthening relationship net-
works. In the American Psychologist (Walsh, 2011)
Walsh identified eight therapeutic lifestyle changes
(exercise, diet, time in nature, relationships, enjoy-
able activities, stress management, spirituality, ser-
vice) within psychologists’ scope of practice,
suggesting that each warranted greater utilization
in clinical treatment. Of those eight factors, this
review focuses on the one which the authors believe
is foundational to them all - nourishing the brain
by eating a whole-foods diet.

Historically, scientific studies have focused on phy-
sical health and its relationship to nutrient intake,
demonstrating improved health from healthy eating
and/or nutrient supplementation. Dietary changes
often focus on the large molecule macronutrients:
fats, carbohydrates and proteins that are required in

large amounts. The media extols the virtues of eating
a nutritional diet to reduce the risk of heart disease,
Type II diabetes, and certain cancers, raising the
awareness of the importance of nutrition for myriad
of physical health symptoms. Given the emerging and
consistent evidence demonstrating the importance of
a healthy diet for mental health, psychologists are in
a good position to incorporate this basic information
into their clinical practices, talking with clients about
dietary choices and, where needed, raising the possi-
bility of multinutrient supplementation by educating
clients about the research.

In this article, we begin by reviewing several of the
mechanisms by which nutrients maximize brain
health. Next, we summarize the evidence base relating
diet to mental health, followed by a consideration of
the circumstances that may predispose an individual
to require additional nutrients beyond what they can
get from food. The evidence base for treating psycho-
logical problems in children with supplementary
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nutrients is then reviewed and we illustrate the poten-
tial benefits of multinutrient supplementation with
a case study. Finally, we offer practical suggestions
for psychologists who want to incorporate this infor-
mation into their clinical practice.

Nutrition is essential for maintaining a healthy
brain

The term "nutrition” encompasses many substances
that contribute to development and maintenance of
cellular function. In this paper, we focus primarily on
the approximately 30 minerals and vitamins that
humans need for optimal health.

Minerals are stable chemical substances listed in
the periodic table of elements. Plants absorb miner-
als from the soil and use them to synthesize vitamins,
which are organic molecules (meaning they contain
carbon). Humans must eat the plants (or eat animals
that eat the plants) to obtain the vast majority of the
vitamins and minerals required for our health.

There are other components of nutrition that
are important for brain health, such as the essen-
tial fatty acids (especially omega 3s) that are parti-
cularly critical for brain development in children’s
early years (Huffman et al.,, 2011; McNamara &
Carlson, 2006), amino acids (building blocks of
proteins), carbohydrates (for energy) that North
Americans usually consume in sufficient quanti-
ties, and thousands of phytonutrients (plant-based
nutrients), which help prevent disease. The reason
for focusing on minerals and vitamins is, in part,
because they are generally taken for granted, in
spite of their vital daily influence on mental health.
Also, their importance for brain function has been

understood for decades yet surprisingly, this
information is not yet part of standard educational
curricula for psychologists and mental health
professionals.

The following summary describes four ways in
which minerals and vitamins contribute to healthy
brain functioning.

Enabling the brain’s metabolism to function

In adults, every minute their hearts are beating,
a quart of blood passes through their brains. That
quart represents 15-20% of the entire blood sup-
ply, but the brain is only about 2% of adult body
weight. The brain "punches above its weight,”
needing to be fed as much as 10 times the amount
of blood you would expect for an organ so small.
Similar numbers apply to children, depending on
their age and weight. In general, the brain con-
sumes 20-40% of the nutrients and energy we
ingest, which is disproportionately higher than
its weight (Leonard et al., 2003). The key message
is that even though humans need to eat nutrient-
dense food to build strong bones and muscles,
when we eat, we are primarily feeding the brain
to support its very dynamic metabolism.

Metabolism is the transformation of one com-
pound to another (see Figure 1). Enzymes are
required for the brain to convert chemical A to
chemical B, and enzymes require a steady supply
of cofactors to do this work. Micronutrients
(minerals and vitamins) are those cofactors.
Because humans cannot make minerals, or many
vitamins, we have evolved to get them from our
food supply.

BRAIN METABOLISM
the transformation of
one compound to another

Enzyme

Chemical A

>‘ Chemical B

Cofactors
Minerals and Vitamins

Figure 1. Brain metabolism involves the conversion of one chemical to another with the assistance of enzymes whose activity is

dependent on an adequate supply of cofactors.
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Metabolism responsible for neurotransmitter
synthesis and breakdown illustrates the critical role
played by micronutrients. Figure 2 shows a few of
the steps by which tryptophan is converted to ser-
otonin, and how they are both broken down into
other by-products. Every arrow represents
a metabolic step controlled by enzymes. The nutri-
ents required as the cofactors for those enzymes are
in dashed-line boxes. This figure represents a tiny
portion of the tryptophan-serotonin pathway, show-
ing a few metabolic steps out of thousands.

In this very small portion of brain metabolism, the
brain needs five different vitamins and seven differ-
ent minerals for optimal function. These same types
of metabolic steps are necessary for all neurotrans-
mitters (dopamine, adrenaline, GABA, etc.), demon-
strating why a broad spectrum of nutrients is
necessary for brain metabolism: no single nutrient
is capable of optimizing brain function by itself. The
figure shows the breadth of the nutrients that are
needed to work synergistically, a phenomenon also
demonstrated in our food. When we eat whole fruits
and vegetables, the nutrients that are required
together for best absorption are consumed together.

Enabling mitochondria to function

Every cell in the brain and body contains multiple
mitochondria, often called the "energy factories.”
Mitochondria take in nutrients, go through many

metabolic steps, and produce ATP (adenosine tri-
phosphate) — the energy molecule essential for life
(Karp, 2012). Energy production takes place using
the chemical processes of the Krebs cycle (also
known as the citric acid cycle) and the electron
transport chain.

The entire sequence of Krebs cycle function and
the electron transport chain is nutrient dependent.
As with the metabolism of serotonin, many nutri-
ents are required; there is no single special nutrient.

Modifying genetic expression

Methylation is one of many essential biochemical
processes involved in gene regulation, whereby
a methyl group (one carbon and three hydrogen
atoms) is transferred to a molecule such as DNA.
These newly methylated compounds are essential for
a number of functions including: DNA synthesis and
repair, neurotransmitter production (like serotonin),
energy production, detoxification, gene regulation,
hormone regulation, cell membrane repair, myelina-
tion, and immune function. The methylation-folate
cycle, sometimes known as one carbon metabolism,
requires specific nutrients (e.g., vitamins B,, B¢, B1»)
acting as cofactors in order for the metabolic reactions
to occur. Without an adequate supply, methylation
will be impaired, which in turn may affect genetic
expression and result in poor physical and mental
health. Increasing the supply of nutrients has been

Abridged Tryptophan Metabolism
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Figure 2. A part of the tryptophan-serotonin pathway, illustrating just a few metabolic steps out of thousands.
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shown to modestly increase methylation of the gen-
ome, illustrating the role that nutrients might play in
gene modification (Stevens et al., 2018).

The methyl groups can be considered to function
like a dimmer switch: genes can be turned up or
down just like a ceiling light. In other words, the
act of methylation can modify gene regulation. The
presence or absence of a methyl group can influence
whether the DNA will be tightly coiled up such that
a gene cannot be decoded (or read) or whether it is
uncoiled and therefore easily readable. The biggest
category of gene-modifying variables appears to
come from the environment, especially the nutri-
tional environment. There is preliminary evidence
that nutrients may be epigenetic modifiers in mental
health (Stevens et al., 2018), but one of the best
illustrations of the role that nutrition can play in
genetic expression comes from honeybees.

Honeybees have very complex societies with
sterile worker bees and a single fertile queen.
What is fascinating, though, is that worker bees
and honeybees begin life as genetically identical
larvae. They develop into entirely different bees
and behave very differently (called a phenotypic
difference) due to different nutritional environ-
ments. A colony selects a single larva to be fed
a diet high in royal jelly, and that bee develops
ovaries and becomes the queen. Larvae destined to
be worker bees are largely fed pollen, nectar, honey
and beebread (Mao et al.,, 2015). Nutrition modifies
the honeybees’ genetic expression.

Fighting excess inflammation and protecting from
environmental toxins

Inflammatory reactions are essential every time our
immune system has to fight off an infection or the
invasion of some foreign substance (an antigen).
However, sometimes inflammation can become
excessive, causing physical health problems, even
though there are homeostatic mechanisms that help
maintain levels of inflammation within a restricted
range. The mitochondria generate a small number of
inflammatory molecules called reactive oxygen spe-
cies (ROS), but mitochondria also produce ATP,
which is one of our best weapons against excessive
inflammation (Kaplan, Rucklidge, Romijn, McLeod,
et al., 2015; Karp, 2012). As discussed, nutrients are
essential for production of ATP.

In addition to fighting excessive inflammation,
proper nutrition is also essential for protecting us
from environmental toxins, including those that
may pose a risk to brain health. A workshop review
of the research on human health and environmental
pollution concluded that nutrition is such an impor-
tant modulator of toxicity from environmental che-
micals that all risk assessment methodologies ought to
include dietary intake as a component of risk evalua-
tion (Hennig et al., 2012). Poor dietary habits appear
to increase vulnerability to environmental chemicals
throughout life. In contrast, a diet rich in antioxidants
may reduce that vulnerability. This is especially
important for pregnant women and children, as
there is strong evidence, for example, of prenatal
exposure to plastics (phthalates) increasing the risk
of neurodevelopmental problems in children, such as
lower IQ, and problems with attention, hyperactivity,
and social communication (Ejaredar et al., 2015).

Research on dietary patterns and mental health

We have reviewed how important nutrients are for
optimal brain function, from making neurotransmit-
ters, to modifying gene expression, to ensuring ade-
quate ATP production. We now turn to the evidence
base that links nutrition and mental health, with an
emphasis on data collected in children.

A wealth of research demonstrates an association
between eating a nutrient-dense diet and better men-
tal health, with the strength of the association con-
firmed through meta-analyses (Firth, Marx et al,
2019; O'Neil et al., 2014; Rios-Hernandez et al.,
2017; Sanchez-Villegas et al., 2009). However, over
and above these observational studies, prospective
longitudinal studies and randomized controlled trials
(RCTs) support a causal relationship (Francis et al.,
2019; Jacka et al., 2011, 2017; Li et al., 2017; Nanri
et al., 2013; Opie, O’'Neil et al,, 2015; Parletta et al.,
2019): consuming a whole-foods diet rich in micro-
nutrients can improve resilience, reduce the risk of
suicide, lower the risk of developing a mental health
problem, and can be used to treat mental health
problems, in particular, depression. In addition,
a number of these studies also show that an ultra-
processed diet, characterized by packaged foods con-
taining manufactured chemicals, and typically high in
salt, poor quality fats, and sugar, seems to precede
poor mental health.
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As an example of prospective longitudinal research
conducted with children, a Canadian study (Loewen
et al,, 2019) evaluated more than 3,000 children aged
ten and eleven for the number of positive health
behaviors they were practicing: six health behaviors
were related to diet, and the other three involved
exercise and daily screen time. Two years later, gov-
ernment data were used to determine which children
had been seen by a physician for treatment of a mental
health disorder. Not only did children who engaged in
more of the positive health behaviors remain mentally
healthier, but for every single additional health guide-
line children adhered to, there were 15% fewer visits
for medical treatment of mental health problems.
These results were adjusted for gender, body weight,
parental educational attainment, household income,
and region of residence. Further analyses of their data
revealed a significant association between fewer
ADHD diagnoses and meeting dietary guidelines for
fruit and vegetable, meat, saturated fat, and sugar
intake (Loewen et al., 2020).

An earlier study evaluated the diets of more
than 3,000 Australian adolescents aged
11-18 years (Jacka et al., 2011). As expected, the
highest intake of unhealthy (ultra-processed)
foods was correlated with poorer mental health
functioning, while the highest intake of healthy
whole-foods was associated with better mental
health functioning. The progression over time
was also revealing: those who improved their diet
over two years also improved their mental health,
while those whose diet got worse had poorer psy-
chological functioning. The authors adjusted for
gender, socio-economic status, body mass index,
physical activity and dieting behaviors. This
study’s implications for prevention are important
because adolescence is a time when parents find it
very difficult to supervise their children’s diet, and
it is also a vulnerable time for developing mental
health problems.

However, not all studies show these associations.
A study of almost 4,000 adolescents (17 years), after
adjusting for relevant factors, did not find that fruit
and vegetable consumption were associated with
the development of depression twelve years later,
showing that prediction of these disorders over
a long period of time is challenging and multifac-
torial (Hoare et al., 2018).

When people learn how to eat a healthier diet,
mental health improves

At least three RCT's have investigated whether eat-
ing a nutrient-dense diet can improve symptoms of
depression in adults. The first, called the SMILES
trial (Supporting the Modification of Lifestyle
Interventions in Lowered Emotional States), was
carried out in Australia over twelve weeks (Jacka
et al., 2017). To be included in the study, partici-
pants had to have previously experienced a Major
Depressive Episode and had to report that they ate
a typical unhealthy diet with a high intake of sweets,
processed meats, and salty snacks. They were ran-
domly assigned to receive either Dietary Support
(DS) consisting of seven hours of training with
a dietitian to eat foods consistent with the
Mediterranean diet (fruits and vegetables, nuts,
grains, olive oil, some dairy, meat and eggs (Opie
et al., 2018)), or Social Support (SS), with a similar
amount of time in a "befriending arrangement.”
Improvement in mood was significantly greater in
the DS group compared to the SS group, with
between group effect size (ES) estimated at 1.16.
Further, a third of the DS group went into remis-
sion for their depression (compared to 8% of the SS
group; NNT = 4.1). Also, the participants who
improved their diets the most were the ones who
experienced the greatest improvement in mood.
The SMILES trial was followed very quickly by two
replications. The first one was the HELFIMED trial
(Healthy Eating for LiFe with a MEDiterranean-style
diet) that had similar results (depression scores
dropped by 45% in the DS group and 27% in the SS
group; p = .027) using group rather than individual
cooking lessons for twelve weeks (Parletta et al., 2019).
The third study, targeting depressed young adults
aged 17-35, taught participants about a whole-foods
diet across three weeks (Francis et al., 2019) and also
showed greater mental health improvement in those
receiving nutritional information compared to no
change in those on the waitlist (between group ES
for depression = 0.75). What was especially interesting
about this last study was that the diet intervention was
done via a 13 minute video, with no direct contact
with dieticians, demonstrating that people can be
taught how to improve their diets in a short amount
of time, no matter where they live, as long as they can
access the internet. Other research shows that giving
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fruit to university students (aged 18-25 years) can
improve their feeling of vitality, flourishing, and moti-
vation in comparison with people who are just told to
eat more fruit (Conner et al., 2017). Although these
types of dietary studies cannot blind participants to the
treatment, the replication across different research
groups lends confidence that the findings are robust.

Research going back to the 1980s suggests
a dietary component that may be a culprit in con-
tributing to poor mental health: food preservatives
and artificial colors can affect the behavior of
some children (Jacobson & Schardt, 1999). In
a meta-analysis of 15 RCTs examining the impact
of artificial food coloring (AFCs) on hyperactivity
in children with attention-deficit/hyperactivity dis-
order (ADHD (N = 219)), Schwab and Trihn
reported ES between 0.21 and 0.28, demonstrating
the small negative impact of AFCs on hyperactivity
(Schab & Trinh, 2004).

Overall, it appears that about one third of children
with ADHD respond to a dietary intervention based
on elimination of additives like colors and preserva-
tives as well as other foods that cause adverse effects
(Ly et al.,, 2017; Nigg et al., 2012). However, based on
the existing literature, it is not possible to interpret
whether children improve because of the removal of
processed foods with artificial additives, or do they
improve because the diet that replaced the ultra-
processed foods contained more nutrient-dense,
whole-foods? More research is needed.

Diet during pregnancy and mental health of the
offspring

Research on the offspring of women who have had
their diet monitored during pregnancy is another
avenue for learning about the importance of diet
for children’s mental health. The two large-scale
famines that have been most thoroughly studied
both demonstrated the importance of a pregnant
mother being well-nourished: the Dutch Hunger
Winter 1944-1945 and a severe famine in China
1959-1961. In both settings, women who were mal-
nourished in pregnancy had over twice the risk of
producing offspring who were later diagnosed with
schizophrenia or depression (Brown & Susser,
2008; Li et al., 2018).

While these are extreme examples of dietary
restriction, other maternal eating habits can influence
their child’s development, such as eating a highly
processed diet during pregnancy. A study based on
more than 23,000 Norwegian mother-child pairs
found a relationship between the mothers eating
more processed foods during pregnancy and beha-
vioral problems in their children at age five (Jacka
et al, 2013). Potential confounders controlled for
included gender, paternal and maternal age, gesta-
tional age, maternal education attainment, household
income, maternal smoking, maternal depression,
marital status and maternal locus of control
Similarly, a study of more than 3,000 children in the
Netherlands analyzed maternal consumption of what
they referred to as the traditional Dutch Diet: lots of
fresh and processed meat and potatoes, a relatively
high intake of margarine and a very low intake of eggs,
vegetables, fish and dairy products. This Dutch Diet
was found to be associated with more aggression in
the offspring (Steenweg-de Graaff et al., 2014), even
after controlling for maternal pre-pregnancy body
mass index (BMI), maternal smoking, parental edu-
cational level, maternal age, marital status and family
income. A French study with about 1,200 mother-
child pairs found that a typical Western diet during
pregnancy was associated with increased likelihood of
detecting problems with hyperactivity and inattention
at ages three, five and eight years (Galera et al., 2018).
Confounds included dietary pattern at two years of
age, maternal stress and depression, gestational dia-
betes, and socioeconomic variables. The positive side
of dietary intake was revealed in a study of about 700
mother-infant pairs in Norway: increased fruit con-
sumption during pregnancy was associated with bet-
ter cognitive development of the infant at one year
(Bolduc et al., 2016), controlling for gender, gesta-
tional age, family income, ethnicity, and gestational
diabetes.

When might people need additional nutrients?

The research reviewed so far highlights the impor-
tance of eating a whole-foods diet to optimize men-
tal health. We will now explore some situations that
may require an increased intake of nutrients above
the usual dietary reference ranges.
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Individual differences

Aside from the metabolic pathways’ requirements
for an abundance of nutrients for efficiency, indi-
vidual differences may contribute to an individual’s
need for higher intake of nutrients. Some indivi-
duals may have inherited a need for unusually high
amounts of nutrient cofactors, a phenomenon
known for decades in the area of physical health.
In 2002, Ames summarized 50 genetic mutations
associated with slowed metabolic pathways due to
an excessively high need for certain vitamin cofac-
tors (Ames et al., 2002).

In other words, research has identified that some
people inherit the need for an above-average supply of
nutrients for metabolic pathways to work efficiently
for optimal physical health. It is possible that some
psychiatric symptoms may also result from metabolic
dysfunction caused by insufficient vitamin and
mineral cofactors in the brain, an idea first proposed
by Nobel Laureate Linus Pauling in the 1960s
(Pauling, 1968). As many mental disorders run in
families, Pauling hypothesized that the genes for men-
tal illness may be the ones involved in the regulation
of essential nutrients for brain metabolism. If so,
bringing these nutrient levels back up to sufficient
levels with supplementation could be helpful. As the
Ames paper showed, restoring near-normal physical
functioning is possible when enzymes with drastically
reduced activity become supersaturated with the
necessary co-factors through nutrient supplementa-
tion (Ames et al., 2002).

Stress

Stress, an inevitable part of life, exacerbates health
problems. Chronic stress, with extended activation
of the fight/flight response, can lead to chronic nutri-
ent depletion. There are many "threats” that exist for
children: school pressures, family and friend rela-
tionship challenges, and even worry about existential
threats, like climate change and COVID-19. All of
these stressors can deplete their bodies and brains of
micronutrients.

Nature ensures that micronutrient-dependent
functions required for short-term survival (like the
fight/flight response) are protected at the expense of
longer-term functions (like concentration) (McCann
& Ames, 2009). Managing the flight/fight response

takes priority over other functions, a preferential
sequence referred to as the "Triage Theory”
(McCann & Ames, 2009). In this situation, supple-
menting with broad-spectrum multinutrients has
been shown to be an effective way to replenish nutri-
ents, and alleviate stress (Kaplan, Rucklidge, Romijn,
Dolph, et al., 2015; Rucklidge et al., 2012; Young et al.,
2019). However, to date, there have been no con-
trolled studies on general resilience in children, so
caution is recommended in extrapolating these data
to a younger age group.

Taking certain medications long-term

Another factor that can increase the need for nutrients
is the use of various medications. For example, mood
stabilizers deplete folic acid, vitamin D, vitamin Bg
and vitamin B, as well as minerals such as copper,
selenium and zinc (Kaplan & Shannon, 2007).
Metformin reduces Bi,; contraceptives decrease B,
folate, magnesium, vitamin C and E; and aspirin
negatively affects vitamin C levels (Mohn et al,
2018). When working with children, we need to be
aware that these medications could be affecting nutri-
ent stores and impacting brain health. Increasing an
individual’s nutrient supply through multinutrient
supplementation may reverse the depletion caused
by these medications, and possibly result in needing
a lower dose of some psychotropic medication (Mehl-
Madrona & Mainguy, 2017; Rucklidge et al., 2010).

Dysbiosis

The association between digestive problems and
low mood has been known for centuries (Phillips,
1910). Now that we have some understanding of
the human gut microbiome, it is recognized that
digestive problems can by caused by dysbiosis, or
an imbalance in the gut microbial communities that
is associated with disease.

Over the last decade, there has been a growing
interest in the role of the gut microbiome in the
expression of mental illness (Cryan et al, 2019).
This idea was brought to international attention
when animal studies showed that transplanting gut
microbes can change behavior. In one noteworthy
study, where mice modeled for autism spectrum
disorder had their gut microbes replaced by ones
typical of normal mice, their autism-like behaviors
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improved (Hsiao et al, 2013). Other research
showed that certain emotional traits (like anxiety)
can be transferred between mice through trans-
planting gut microbes (Collins et al., 2013).

In human research, an increasing number of
studies are beginning to investigate how the gut
microbiota might affect behavioral symptoms
(Szopinska-Tokov et al., 2020). When gut micro-
biota of individuals with and without ADHD were
transplanted into mice, those mice showed differ-
ential brain structure and function depending on
which microbiota they received (Tengeler et al.,
2020). Another line of research, which is very pre-
liminary and based on rodent research, implicates
the microbiome in teen distress (McVey Neufeld
et al., 2016) and child misbehavior (Flannery et al.,
2020), although the applicability to humans is not
yet clear.

There appear to be a number of communication
channels through which the microbiome can influ-
ence neural pathways in the brain, including changes
in immunity, metabolism, and endocrine function
(Cenit et al,, 2017; Mathee et al., 2020). Responsible
for much of the communication between the gut and
the brain, the vagus nerve plays a role in the regulation
of emotional responses, and controls the autonomic
nervous system (Breit et al., 2018). This communica-
tion link between the gut and the brain may explain
why a less diverse microbiome is associated with
poorer mental health (Bastiaanssen et al., 2019).

Some research has suggested an association
between certain bacterial strains and disorders
like ADHD, schizophrenia, and depression, but
the results of these studies have been inconsis-
tent (Cryan et al, 2019). Some studies have
reported the complete absence of some microbes
(Coprococcus and Dialister) in people who are
depressed (Valles-Colomer et al., 2019), but it
is not yet known whether this absence is
a cause of the depression, or whether the micro-
bial changes are caused by depression treatment,
or other variables. Preliminary research showed
that multinutrient supplementation increases
bacterial diversity, which was associated with
symptom improvement in children with ADHD
(Stevens et al., 2019).

Unfortunately, the science cannot yet define what
constitutes a healthy gut microbiome for optimal
brain function. Based on the studies just cited,

diversity appears to be important (Bastiaanssen
et al,, 2019), and the less optimal the microbiome,
the more likely there could be mental health pro-
blems. Several factors may negatively impact gut
microbial diversity (e.g., antibiotics, stress, infection,
environmental toxins) while a diet rich in plant-based
foods supports microbial diversity (Cryan et al., 2019;
Robertson et al., 2017). As such, one of the first
recommendations for improving gut health is to
improve the quality of the foods eaten and reduce
the consumption of ultra-processed foods. These
recommendations require little nutritional expertise,
and clinical psychologists are well-positioned to con-
vey the information, as will be discussed below.

When food is nutritionally depleted

Neither plants nor humans can synthesize minerals.
As explained above, plants absorb minerals from
the soil and then use those minerals to synthesize
vitamins. Over the last seventy years, it is concern-
ing for human health that research suggests our
food supply has been decreasing in nutrient density
(Davis et al., 2004). Criticisms of the methodology
used to compare nutrient content across time have
been raised (Marles, 2017), such as crops have
several varieties and may be sampled in different
ways, or stored differently, with variable amounts
of heat and humidity, but fairly significant changes
being reported across several countries suggests
there is cause for concern.

Several causes of nutrient depletion of our food
have been identified. Modern agriculture has
sought to increase the yield for many crops to
increase financial margins, which creates
a "dilution effect” of lower nutrient levels (Marles,
2017). Many years of tilling the soil, even with
rotating crops, depletes minerals. Food producers
use fertilizer, the primary components of which are
nitrogen, phosphorous, and potassium (NPK).
While these three are important, plants require
15-16 essential minerals for best growth, defense
against insects, and the ability to synthesize vita-
mins (Datnoff et al., 2007).

Another possible contributor to nutrient deple-
tion of crops is the heavy use of glyphosate, an
herbicide and principal ingredient of Roundup .
Glyphosate, initially patented in the United States
in 1964 as a descaling agent to get rid of mineral
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deposits in pipes and boilers, is now applied to
crops to kill weeds. A 2019 study showed that
glyphosate disturbs the human blood-brain barrier,
making it more permeable (Martinez & Al-Ahmad,
2019). Permeability means that some molecules
that the blood-brain barrier intended to exclude
might be able to pass through, causing adverse
effects in the brain. It is also relevant that while
there is still debate on the topic, concerns have been
raised about whether glyphosate can make dietary
minerals like iron, manganese, and nickel [ess avail-
able for the body to absorb (Zobiole et al., 2010) as
well as decreasing soil health (Kanissery et al.,
2019), factors that could also affect plant nutrient
density.

Another possible cause of decreased crop nutri-
ents is the presence of high levels of carbon dioxide
in the atmosphere. Although carbon helps plants
grow, increased levels of atmospheric carbon diox-
ide also leads to plants containing more sugars and
fewer micronutrients. While the plants are bigger
and the food may taste sweeter, they provide fewer
nutrients needed for brain health. One study of
eight strains of rice exposed to increased carbon
dioxide found that the exposed rice had lower levels
of vitamins, minerals, and protein (Zhu et al,
2018). Another study looked at nutrient balance
in spring wheat grown for three consecutive sea-
sons (Hogy et al., 2009). Higher carbon dioxide
levels led to larger plants and a higher yield result-
ing in an increase in carbohydrates, but protein
declined by more than 7%, and iron and manganese
both decreased. Similar results have been found in
studies of other crops.

As our planet heats up, it is possible that our
crops will become higher in carbohydrates and
lower in protein and micronutrients. These issues
have vital importance for human brain health and
warrant more research.

How supplementary nutrients might improve
mental health

We have reviewed several reasons why dietary change
may not be sufficient for everyone. Individual differ-
ences, stress levels, medication use, and gut health, all
provide plausible reasons why nutrient requirements
may vary, resulting in a greater need for nutrients in
some individuals than what can be obtained from diet

alone. In addition, environmental factors such as
depleted soil minerals, and climate change can influ-
ence the nutrient density of the food we consume.
This leads to the question of whether there is evidence
for treating mental health problems with supplemen-
tary nutrients, especially (but not exclusively) in
children.

Scientists first tackled this question by studying
one nutrient at a time (e.g., zinc or magnesium or
vitamin B,,). While some studies revealed small
positive effects (Benton & Cook, 1991; Benton
et al,, 1997; Thys-Jacobs et al.,, 1998), most of the
research was largely negative. A number of systema-
tic reviews and meta-analyses have highlighted the
concentrated effort to find a single nutrient that
would alleviate symptoms associated with complex
psychiatric issues such as mood (Kaplan et al., 2007;
Sarris et al,, 2011), psychosis (Firth et al, 2017),
ADHD (Rucklidge et al., 2009) or antisocial beha-
viors (Benton, 2007), reporting modest to low benefit
from a single nutrient approach, with many single
nutrients found to be ineffective as a primary treat-
ment of mental illness (Firth, Teasdale, et al., 2019).
The complex interplay of nutrients working together
for brain metabolism likely explains why the search
for a single nutrient to resolve complex psychiatric
symptoms is unrealistic. Therefore, in reviewing the
evidence base for nutrient supplementation for men-
tal health, we will focus on the studies of nutrients
given in combination as the treatment strategy.

Aggression

The ability of supplementary nutrients to reduce
antisocial behaviors has been demonstrated with
case studies, open-label studies and multiple RCTs.
A broad spectrum of minerals and vitamins (some-
times combined with omega 3s) can reduce aggres-
sion and violent incidents. The results have been
reported across a range of populations, from aggres-
sive children to incarcerated adults (Gesch et al.,
2002; Hambly et al, 2017; Kaplan et al., 2004;
Kaplan, Hilbert, et al., 2015; Rucklidge et al., 2018;
Schoenthaler et al., 1997; Schoenthaler & Bier, 2000;
Tammam et al., 2016; Zaalberg et al., 2010). The
earliest randomized trial was more than 20 years
ago, when researchers conducted a fully blinded
three-month RCT in 62 incarcerated youth aged
13-17. Those randomized to receive a broad array
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of minerals and vitamins exhibited a 28% greater
decrease in rule violations compared with those
receiving the placebo, both violent (ES = 0.52), and
nonviolent (ES = 0.70) offenses (Schoenthaler et al.,
1997).

Another RCT conducted by these researchers
found school children aged 6-12 who received
a broad spectrum of nutrients for one school year
also improved (Schoenthaler & Bier, 2000). The 40
children in the experimental group who were ran-
domized to receive the multinutrient supplement
exhibited 47% fewer antisocial behaviors requiring
discipline than the 40 children who received
a placebo. The antisocial behaviors monitored in
the study included threats, fighting, vandalism, defi-
ance, endangering others and disorderly conduct.

Studies have also reported the same impact in
incarcerated adults (Gesch et al, 2002; Zaalberg
et al., 2010). Evidence for the benefit of multinu-
trients has continued to emerge from studies of
children with explosive rage, conduct disorder,
and ADHD with mood dysregulation (Hambly
et al$2017; Kaplan et al., 2004; Kaplan & Leung,
2011; Rucklidge et al., 2018). These human studies
complement the long-standing literature on lab
animals, which supports the relationship between
poor nutrition and aggression (Valzelli, 1984). In
summary, there is ample evidence that supplemen-
tation with a broad spectrum of micronutrients can
reduce aggression.

Autism spectrum disorders (ASD)

A pilot RCT involving 20 children with ASD found
that those taking a multinutrient supplement
showed improvements in sleep and gastrointestinal
problems, along with some suggestive trends for
improved behavior, eye contact, and receptive lan-
guage (Adams & Holloway, 2004). These same
researchers followed up with a larger RCT in 141
children and adults with autism, and reported posi-
tive effects from a modified version of the formula
over a placebo in reducing tantrums (ES = 0.51)
and hyperactivity (ES = 0.37) as well as improving
receptive language (ES = 0.40) and overall function-
ing (ES = 0.46), with no significant effects on
expressive language, play, sociability, cognition,
sleep, and eye contact (Adams et al.,, 2011). The
formulas in both these studies contained 29

nutrients and participants were monitored for
three months. Next, the researchers conducted an
effectiveness trial comparing multinutrients com-
bined with a variety of other therapies (including
essential fatty acids, Epsom salts, carnitine, diges-
tive enzymes, and a gluten-free/dairy-free diet) ver-
sus no treatment over a twelve-month period.
There was significant improvement in those who
received the comprehensive treatment approach,
including non-verbal IQ, symptoms of ASD, social
responsiveness, sensory profile, and aberrant beha-
vior (Adams et al., 2018).

A case-control study (Mehl-Madrona et al., 2010)
systematically followed 44 children and adults (age
range was 2-28 years) taking multinutrients, some
for up to two years, for the treatment of ASD. These
individuals were later matched by age, gender, and
symptom severity to 44 children and adults from the
same clinic whose families had chosen conventional
medications to treat the symptoms. The clinician
was blinded to the treatment the participant
received. On the Aberrant Behavior Checklist, aver-
aged for parent and caregiver scores, the micronu-
trient formula was superior to medications overall.
The subscales for irritability and hyperactivity
showed significant benefit for the micronutrient
group over placebo groups, with between group ES
about 0.6. In addition, the clinician-rated Yale-Paris
Self-Injurious Behavior Scale revealed a significant
benefit of the nutrients: Self-Injurious Behavior
intensity was lower post-treatment, with no change
in the medication group. The roughly 50% decrease
in the intensity of self-injurious behavior in the
micronutrient group was unexpected and warrants
further clinical studies, as this is among the most
disturbing behaviors for families.

ADHD

The historical evidence for the use of multinutri-
ents in the treatment of ADHD has been sur-
rounded by controversy, given that early studies
tended to utilize either very small doses, resulting
in nonsignificant effect, or mega-doses, resulting in
toxicity and adverse effects (Heilskov Rytter et al.,
2015). In the past two decades, several studies have
employed broad-spectrum multinutrients to treat
core ADHD symptoms, at doses sufficient to be
beneficial "therapeutic doses,” but below potentially
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toxic levels (known as the Tolerable Upper Intake
Level (UL)). Although the open-label trials varied
in length and multinutrient composition, all of
them resulted in significant improvements in beha-
vioral functioning, including core ADHD symp-
toms and/or emotion regulation (Gordon et al,
2015; Kaplan et al., 2004; Rucklidge et al., 2011).

The first RCT (Rucklidge, Frampton, et al., 2014)
followed 80 medication-free adults diagnosed with
ADHD, randomized to receive either broad-
spectrum multinutrients or placebo for eight
weeks. Greater improvement on ADHD rating scales
compared with placebo was found for observer
(ES = 0.59) and self-report ratings (ES = 0.61) (but
not clinician (ES = 0.23)). Clinicians rated 48% of
those taking the nutrients as "much” or "very much”
improved compared with 21% of the placebo group
(X* = 6.189, p = .013, OR = 3.4; Figure 3). Those
randomized to multinutrients, who entered the trial
with a moderately to severely low mood, showed
a greater improvement in mood compared with the
placebo group (between group ES = 0.64).

A replication was published four years later, with
93 medication-free children aged 7-12, randomly
assigned to either broad-spectrum multinutrients or
placebo capsules for ten weeks (Rucklidge et al., 2018).
Clinician-rated inattention (ES = 0.41) and overall
functioning (ES = 0.48) improved significantly more
in children who took the nutrients than those who
took the placebo. There were no group differences in
clinician-rated hyperactivity/impulsivity (ES = 0.11)
nor in parent and teacher-rated ADHD symptoms.
Across all raters (parents, teachers, and clinicians),
there was significantly greater improvement in emo-
tion regulation (ES = 0.66) and aggression (ES = 0.52)

OR=3.4; 95%Cl 1.3-9.2

for those children who took the multinutrients com-
pared to the placebo group. A meta-analysis confirms
the consistency of findings across these two RCTs,
noting a significant effect on clinician-rated inatten-
tion, global functioning, CGI-I and CGI-I-ADHD
(Johnstone et al., 2020).

The participants in both RCTs were followed for
one year after the study began. The results from
both follow-ups were remarkably similar (Darling
et al., 2019; Rucklidge et al., 2017). About 20% of
the participants in both studies continued taking
the nutrients, and were identified as having better
mental health than those who chose to stop taking
the nutrients or who switched to medications.
Indeed, about 80% of those taking the nutrients
were identified as being in remission from their
ADHD symptoms, versus 40% of those on medica-
tions, and 20% of those who had stopped all treat-
ments. The two main reasons cited for stopping the
nutrients in both studies were cost and the number
of pills to take. Side effects and ineffective control of
symptoms did not feature as strongly as the other
two reasons. Continued symptom improvement
over time was reported for participants who stayed
on the nutrients, suggesting that the benefit of the
multinutrient treatment takes time to reach its full
potential. Further, those who switched from nutri-
ents to stimulant medications were more likely to
have problems with mood or anxiety compared to
those who stayed on nutrients at the one-year fol-
low-up assessment (Darling et al., 2019).

In summary, open label pilot studies and two
RCTs provide promising data for multinutrient sup-
plementation in ADHD populations. Replication at
other geographical centers is underway, with a larger

OR=2.2; 95%Cl 0.9-5.3
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trial of emotionally dysregulated kids with ADHD
involving three centers (two in the US and one in
Canada) completed in July 2020 (Johnstone et al.,
2019); study results are expected in 2021.

Mood dysregulation

There have been numerous clinical observations
and open-label trials of broad-spectrum multinu-
trients (Frazier et al., 2013; Kaplan, Hilbert, et al,,
2015; Kaplan et al., 2001; Popper, 2001), as well as
case studies (Kaplan et al., 2002), and database
analyses in adults (Gately & Kaplan, 2009) and
children (Rucklidge et al., 2010) with bipolar dis-
order, all showing significant improvement in
symptoms and the need for a reduced amount of
medication to maintain symptom control for most
of the participants.

As mentioned in the ADHD RCT with 93 children,
participants were evaluated one year after baseline. Of
the 93 children, 62 were classified as mood dysregu-
lated at baseline (=20 on the Child Mania Rating Scale
(CMRS) (West et al., 2011)), and ten of them met full
criteria for Disruptive Mood Dysregulation Disorder
(DMDD; based on DSM-5 criteria). At one year fol-
low-up, those who stayed on micronutrients were
significantly less dysregulated (based on the CMRS)
compared to those children who switched to stimu-
lant medication and those who discontinued all treat-
ment, with very large (ES = 1.5-1.7) between group
effect sizes (Rucklidge, 2019). When the children were
classified as to whether their dysregulated mood was
in remission (<20 on the CMRS), 100% of those on
nutrients were classified as remitters, compared with
38% of those on medications and 48% of those receiv-
ing no treatment. When considering responder status,

Percent
8 88838 8

Remitters (<20 CMRS)
H Stayed on Micronutrients (n=13) = Swi

X2=12.505, p=.002
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based on receiving a score of "much” or "very much”
improved on the Clinical Global Impression -
Improvement scale (CGI-I), 85% of those on nutrients
were responders, versus 62% of those on medications
and 22% of those receiving no treatment (Figure 4).

Dysregulated mood in ADHD is very hard to
treat (Carlson, 2020) and medications can result
in ADHD symptoms getting worse in the presence
of emotion dysregulation (Masi et al., 2020). In
contrast, several of the open-label case series and
case reports cited above reported that a broad-
spectrum multinutrient approach seems especially
effective for the treatment of mood dysregulation
and explosive rage. Although the follow up data
from the ADHD study are limited by bias that can
creep in with a naturalistic follow-up, the results
highlight an untapped area for exploration.

As a means to illustrate the emotional and beha-
vioral changes experienced by one boy, the follow-
ing clinical vignette documents the child’s progress
while taking a broad spectrum micronutrient for-
mula, as recorded by one of the authors (JM]).

Clinical vignette

Calvin (pseudonym), an 8 year-old boy, had a difficult
start in life due to poly-drug exposure in utero. His
birth mother was a teenager who experienced home-
lessness during her pregnancy; she left him in the care
of a friend days after giving birth. Calvin was hospi-
talized soon after for malnutrition and dehydration,
and adopted as an infant. As a toddler, he was emo-
tionally dysregulated, banging his head against the
wall when upset, and screaming for hours. In primary
school, Calvin was behind in all subjects and prone to
temper tantrums that resulted in the other students

X?=14.256, p=.001

Responders (1 or 2 on CGI-l)

(n=13) m d Treatment (n=23)
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Figure 4. Percentage of remitters (Child Mania Rating Scale (CMRS)<20) and responders ("much” or "very much” improved on the
Clinical Global Impression-Improvement scale [CGI-I]) at 1 year follow-up for those children with ADHD identified as emotionally

dysregulated at baseline (CMRS>20).
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vacating the classroom so that the teacher could help
him calm down. Based on a thorough neuropsycho-
logical evaluation, Calvin met criteria for Other
Specific Neurodevelopment Disorder, associated
with known in utero polydrug exposure, and
ADHD. Since the evaluation, additional data have
clarified that Calvin meets criteria for Fetal Alcohol
Spectrum Disorder.

At the request of his adoptive mother who was
reluctant to try stimulant medication for ADHD,
Calvin was given one of the multinutrient formulas
used in the studies described above for mood and
ADHD. Over the course of two months, he learned
to swallow the capsules. After eight weeks of taking
the formula at a therapeutic dose, Calvin and his
parents reported dramatic improvements. Calvin
began to regulate his behavior and emotions, self-
soothe and use his words when upset. When Calvin
got upset, the strong emotion lasted a few minutes,
rather than 30 minutes or longer. The school
stopped calling the parents regularly concerning
Calvin’s emotional and behavioral issues. He
became able, for the first time, to follow his tea-
cher’s directions, and by the end of the school year,
he was caught up to grade level in reading and
math. Best of all for Calvin, he was finally able to
slow down and concentrate to read and complete
the directions to his Lego sets, which enabled him
to build the models on his own. Commenting on
his improvements, Calvin’s mother volunteered her
surprise that her son’s dietary preferences had
changed as well. He did not crave soda and ultra-
processed fast foods with the same frequency and
urgency that he did before taking the nutrients.
Whereas prior to taking nutrients, Calvin threw
a temper tantrum if he did not get soda or ultra-
processed fast food daily, after the nutrients, he
became less upset when his mom denied him
these foods. Gradually, his intake of fast food
reduced to less than once-per-week, and when he
was allowed these foods, they were "a treat” for him,
rather than a craving.

Before starting the multinutrients, the clinician’s
rating of the severity of Calvin’s symptoms, the
CGlI-Severity (CGI-S) based on all available infor-
mation, was a 6 "severely ill” (range 1-7); two
months after starting a therapeutic dose of multi-
nutrients, his CGI-S was a 3 "mildly ill,” and he was
rated a treatment responder based on a CGI-I of 1

"“very much improved.” His parent ratings on the
Child and Adolescent Symptom Inventory-5
(CASI-5), using item means were a 3 for ADHD
hyperactivity, and 2.8 for the inattentive (range is
0-3, with 2 or higher as the clinical cutoff). Both
scores dropped to a 1 after two months, based on
his mother’s report. Because of Calvin’s behavioral
and emotional improvements, his adoptive parents
believed he could, for the first time, stay in his seat
and watch a movie, so four months after he started
a therapeutic dose of the multinutrients, his father
took him to the theater to see Dumbo the Flying
Elephant. Calvin sat through the whole movie,
without impulsively interrupting or getting up. It
was a memorable experience for both Calvin and
his dad.

One year later, at the annual follow-up phone
call with Calvin and his mother, the clinician-rated
CGI-S was still "mildly ill,” and his CGI-I was
"much improved.” Calvin’s mother reported slight
increases in hyperactivity and inattention com-
pared to his functioning two months after starting
a therapeutic dose of the multinutrients, with item
means of 1.6 and 1.5 respectively, but both scores
were still much improved compared to baseline,
and below the clinical cutoff. See Table 1 for addi-
tional clinical data.

Psychosis

Other than two case studies, one in a child and one
in an adult successfully treated with multinutrients
(Kaplan et al., 2017; Rodway et al., 2012), the only
research that has been conducted specifically on
micronutrients and psychosis involved 19 patients
with psychosis who gradually reduced their medi-
cations as they added a broad-spectrum multinu-
trient formula (Mehl-Madrona & Mainguy, 2017).
The study started as an RCT with a one month
lead-in, when everyone received the nutrients. At
the end of the month, they were due to be rando-
mized, with a 50% chance of receiving a placebo,
but not one of the participants was willing to risk
the chance of being in the placebo group; all stated
they were feeling better with the nutrients. The
researchers were forced to change their study
design and monitor these participants over two
years instead, comparing their progress to thirty-
one patients who had chosen not to be in the trial.
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Table 1. Symptom changes in an 8-year-old boy pre- and post-multinutrient treatment.

Timepoint

Baseline: Two-months on
Measure Pre-multinutrients nutrients One-year* on nutrients
CGI-$* 6 "severely ill” 3 "mildly ill” 3 "mildly ill”
CGHP n/a 1 "very much improved” 2 "much improved”
Hyperactivity® 3 1 1.6
Inattention® 2.8 1 1.5
oDD* 24 0.8 1.6
DMDD“¢ 2 0.5 1.8

*Boy was 9 years old at this rating point

?Clinician-rated Clinical Global Impression (CGI) - Severity

bCGI—Improvement (CGI-I)

“Based on parent-report on the Child and Adolescent Symptom Inventory-5 (CASI-5)

d0ppositional Defiant Disorder
®Disruptive Mood Dysregulation Disorder

At fifteen months, the group taking reduced med-
ications plus the multinutrient formula showed sig-
nificantly fewer psychosis symptoms than the
medication-only group. This difference was even
stronger at the two-year mark. The researchers con-
cluded that a broad-spectrum multinutrient formula
was a beneficial long-term adjunct strategy for peo-
ple with psychotic disorders. When participants took
the nutrients, they needed smaller doses of their
medication to be effective, and they experienced
fewer medication side effects.

Safety and side effects of broad-spectrum
multinutrients

To date, no serious adverse effects have been attrib-
uted to the broad-spectrum multinutrient formulas
which have been studied. Several of the studies have
collected safety data (via blood tests, heart rate,
blood pressure) before and after exposure to the
nutrients, typically over two or three months, some
over several years. In all of these studies, amounting
to several hundred blood tests before and after
multinutrient use, no evidence of clinically mean-
ingful short-term or long-term harm has emerged
(Adams et al., 2018; Rucklidge, Eggleston, Ealam,
et al, 2019; Rucklidge et al, 2018; Rucklidge,
Frampton et al., 2014; Simpson et al., 2011).

The most commonly reported side effects are head-
aches and stomach aches, although they are typically
mild, transitory, and can be avoided by taking capsules
on a full stomach and with plenty of water. A minority
of study participants report feeling more agitated, and
lowering the dose tends to reduce agitation for many.

In randomized controlled trials, these minor side
effects in the multinutrient group have not occurred
more frequently than in those taking a placebo
(Rucklidge et al., 2018; Rucklidge, Frampton et al.,
2014).

It is important to note these results are based
mostly on studies conducted with people not con-
currently taking psychiatric medications. In the
Mehl-Madrona study, the participants were mon-
itored by a psychiatrist. Taking the nutrients with
medications needs to be monitored carefully by the
prescriber and doses may need to be adjusted
(Popper et al.,, 2017).

Another consideration is that study participants
report fewer adverse effects from multinutrient
treatment relative to medications. For instance, in
the study comparing nutrients to medications for
the treatment of autism-related symptoms, the 44
people with autism taking prescription medications
experienced 6.5 times as many adverse events as the
44 people with autism taking multinutrients (Mehl-
Madrona et al., 2010).

Alongside considering safety, clinicians often
wonder about whether the nutrient interventions
are applicable only to people who have an identi-
fied deficiency in a particular nutrient, like zinc or
vitamin D. A number of studies have revealed that
a deficiency, as indicated by blood nutrient levels
examined thus far, has not been useful for identi-
tying who would benefit from supplementation.
The two ADHD RCTs described also looked at
predictors of response to nutrient treatment and
while a few nutrients modestly predicted outcome
(Rucklidge, Eggleston, Darling, et al., 2019;
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Rucklidge, Johnstone, et al., 2014), the three main
findings were that: 1) the vast majority of the
nutrient levels fell in the normal range across
both studies (72% of the samples had nutrient
levels in the "normal” range) and pre-treatment
nutrient levels were not associated with any of the
ADHD symptoms, 2) nutrient levels before treat-
ment did not reliably predict who would respond
to the treatment, meaning that people who had
"normal” range nutrient levels had a similar
response rate as those who had "abnormal” nutri-
ent levels, and 3) change in a nutrient biomarker
did not correlate with mental health improvement
(Rucklidge, Eggleston, Boggis, et al., 2019). Other
researchers have also found serum levels of speci-
fic micronutrients (e.g., vitamin D, folate and B12)
are poor predictors of response to nutrient inter-
ventions for people with mood and psychotic dis-
orders (Van der Burg et al, 2019). The term
"nutrient deficiency” may be misleading as it sug-
gests that individuals must be deficient relative to
the average population. If an individual’s nutri-
tional needs are higher than the average popula-
tion, then nutrient levels will not be able to assist
in identifying who is deficient relative to their
own, individual metabolic needs. Therefore,
extensive nutrient testing is not a necessary pre-
requisite to considering nutrient treatment.

Suggestions for clinical application

Clinicians may be reluctant to incorporate nutri-
tion education and guidance into clinical prac-
tice because of their own lack of education
regarding how nutrients influence brain func-
tion. This educational deficiency is the reason
for devoting the first section of this paper to
explanations of what nutrients do in the brain.
Such information should not be limited to clin-
icians: we suggest that the role of nutrients in
brain health should be part of educational curri-
cula across the board, down to the elementary
school level, and certainly part of a mental
health clinician’s training.

Clinicians may think that talking about diet is
outside their scope of practice, although many
behavioral activation strategies to treat low mood
include increasing or decreasing food intake and as

mentioned above, Walsh (2011) included nutrition
as one of the within-scope tools that psychologists
should be utilizing. Reducing caffeine or alcohol are
often common suggestions made by psychologists
for addressing mood or anxiety issues (Tenore
et al., 2015).

The scientist-practitioner model encourages psy-
chologists to evaluate the evidence, stay abreast of
new treatments and present this information in
a digestible and balanced way to clients. Based on
the burgeoning research in the field of nutritional
psychology, psychologists are well placed to discuss
with clients the connection between diet and mental
health, highlighting some of the nutritional psychol-
ogy research studies. Providing such information,
including pros and cons of such an approach relative
to other treatments, would be aligned with obtaining
full informed consent.

One way to start the conversation is to ask
parents and/or children about their understand-
ing of what nutrients do in the body. Given that
most dietary guidelines focus on fats, carbohy-
drates and proteins, many individuals may have
concluded that these are the important dietary
elements on which to focus. While they are
essential for the brain to develop and function
(carbohydrates provide glucose, proteins provide
amino acids, and fats are required for overall
brain structure), the focus on these three macro-
nutrients should not overshadow the essential
micronutrients — minerals and vitamins. As we
have highlighted in this article, micronutrients
in sufficient amounts are required to synthesize
and break down neurotransmitters.

Clinicians may be reluctant to ask clients about
their diets for fear of being intrusive, or perhaps out
of concern that their own diet is not ideal. One way
to address this is to use the following introduction:
"There is an increasing amount of scientific data
showing that what we eat influences how we feel.
Let’s talk about your diet.”

Although there are various quantitative tools
available, clinicians may want to take a more con-
versational approach by following that introduction
with some of the Start the Conversation questions
proposed by Paxton from the University of North
Carolina (Paxton et al, 2011). The following four
questions, adapted from Paxton’s questionnaire,
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provide virtually all the information needed to help
a clinician focus a first discussion.

(a) How many times a week do you eat fast food
meals or snacks?Ho

(b) How many sodas or sweetened drinks do
you have each day?

(c) How many servings of fruit do you eat
each day?

(d) How many servings of vegetables do you eat
each day?

While these items are not scored, and there are no
right or wrong answers, a client’s responses may
lead to a discussion about setting goals. Clients may
volunteer that they know they should drink less
soda, or eat more vegetables, for instance; these
comments will provide the opportunity to discuss
goals, and how they can work toward them. The
following are additional suggestions to strengthen
the conversation.

Focus first on eating whole foods

Think of our food supply as consisting of three
categories: whole foods, slightly processed foods
(e.g., canned or frozen), and ultra-processed foods
(packaged food with preservatives, added sugars
and artificial colors). Government data show that
more than 50% of the "stuff” North Americans put
into their mouths is from that third category, con-
sisting of packaged products which are mostly
nutrient-free (Moubarac et al., 2017). Further, in
the US, the Center for Disease Control reported
2015 data that showed only about 9% of the public
is consuming the recommended number of daily
vegetable servings (Lee-Kwan et al., 2017). Moving
our society toward a whole-foods diet would result
in an enormous step toward health. In Canada,
research has shown that if every Canadian
increased their intake of fruits and vegetables by
just one serving per day, there would be a health
care cost saving of 9.2 billion dollars per year
(Ekwaru et al., 2017).

Clients may be curious about specialty diets (e.g.,
gluten-free, ketogenic), and while those diets can be
helpful to some people, they are restrictive and have
not yet been shown to conclusively benefit mental
health. Individuals who begin with a very restrictive

diet and fail to adhere to it may end up feeling dis-
couraged and become reluctant to continue with diet-
ary modifications. For this reason, we suggest dietary
changes focus first on moving from ultra-processed
products toward eating more whole foods. The
research shows that moving toward a whole-foods
Mediterranean-style diet can cut depression by at
least 25% in just three weeks (Francis et al., 2019),
and even more by twelve weeks (Jacka et al., 2017;
Parletta et al., 2019). Further, beginning with a whole-
foods diet paves the way for success because it offers
more food choices instead of food restrictions. If
a client is considering a restrictive diet, a referral to
a dietician may be required, as elimination diets can
be quite complex and it is important to ensure
a balanced intake of nutrients is consumed.

Encourage gradual transitions

For a family that consumes mostly packaged, ultra-
processed food, attempting to make dramatic and
sudden dietary changes may feel overwhelming and
lead to inaction or failure. To start slowly, suggest
initiating one cook-from-scratch dinner each week.
For example, a meatless Monday dinner could be
used to encourage experimenting with different
types of greens, beans and legumes, or other healthy
whole food meals.

Another type of transition that might be useful
relates to beverages. Dependence on carbonated
sodas is commonly reported by people who eat
highly processed "fast foods” (Cantor et al., 2016).
Flavored carbonated water can be helpful in wean-
ing down or off sodas. Many carbonated water
choices are flavored with fruit, but no sweeteners
(either sugar or artificial). Increasing the consump-
tion of plain water or teas is the long-term goal.

Clarify that a Mediterranean diet is possible on
a limited budget

While some whole foods are expensive (lobster,
steak), the SMILES trial showed that it is possible
to eat a whole-foods diet and save money (Opie,
Segal, et al., 2015). Frozen vegetables and lentils are
nutritious, inexpensive, and convenient, as are
canned beans and fish. Introduce your clients or
their parents to the millions of online recipes that
utilize inexpensive dried beans of various types. If
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time constraints are an issue, remind your clients
that cooking with lentils is very fast. Another way to
educate clients about this topic is to ask them to
track their costs and create a graph so they can see
how they save money.

Encourage clinic patients to take community
cooking classes

Based on the three dietary education studies men-
tioned previously, clinicians could begin by teach-
ing clients about eating a whole-foods diet as an
initial intervention, which could lead to more
instructive guidance, including ways to replace
ultra-processed food with healthier options. For
instance, ask clients to record every item they con-
sumed in the meal eaten prior to an appointment,
and then to categorize each item or ingredient as
either: whole food (1), slightly processed (2), or
ultra-processed (3). Finally ask them to write what
they might have chosen instead, to move items
from category 3 to 2, or to 1. Another option is to
connect clients with local classes or websites that
teach healthy cooking.

Discuss nutrient supplementation

If change to a healthier diet along with other essen-
tial lifestyle modifications and therapeutic interven-
tions are not providing the desired benefits,
referring clients to the literature on supplements
could be the next step. However, it is important to
frame this information as being in addition to
a whole-food diet, not as a substitute.

Omega-3 supplementation is a good option,
especially for people who dislike fish.

However, we are not aware of a sufficient
amount of research on any particular brand to
provide guidance in that regard. In general, check
the manufacturer’s purity claims and assertions
regarding testing for mercury. We need both EPA
and DHA for optimizing mental health, with
research using omega-3 supplements for the treat-
ment of depression recommending a 2:1 raao of
EPA:DHA with a minimum of 1 g/day, and
research on ADHD recommending a minimum of
500 mg of EPA/day (Chang et al., 2018).

For multinutrient formulas (mineral-plus-
vitamin), the majority of the evidence in children

that has been described in this article comes from
two formulas developed in Canada (EMPowerplus™
and Daily Essential Nutrients™); none of the studies
have been funded by the companies. There are now
more than 50 peer-reviewed publications on these
two formulas (list available on request but many are
in the references). In addition, there are combina-
tions of nutrients that have been studied for aggres-
sion in Europe (no specific brand used) and for
autism in the US (ANRC Essentials Plus™) which
have also been tested in controlled trials. Attempts
to study other broad-spectrum formulas have not
been successful, as the companies producing them
have been reluctant to have them evaluated.

It is also noteworthy that the typical over-the-
counter multinutrient formulas for children, of
which 22 were examined, contain only small
doses of the micronutrients compared to the
amounts in the formulas for which research has
shown mental health benefit (Rucklidge, Harris,
et al., 2014). A systematic review and meta-
analysis of multinutrients for psychiatric condi-
tions also highlighted the limited ingredient
range and low dosage of many studied formulas
(Johnstone et al., 2020). Typically, the multinu-
trients’ cost is paid by the family, and healthcare
spending accounts may reimburse for qualified
expenses such as these. Cost may be an issue for
some, which will be part of the consideration in
deciding on the best treatment approach.
Research indicates that best outcomes emerge
in those who stay on the nutrients for at least
one year (Darling et al., 2019; Rucklidge et al,,
2017). Funding for multinutrient supplements is
currently an issue that may be resolved if insur-
ance companies and the public health care sys-
tem cover the cost. Research from two case
studies demonstrate the nutrient treatment cost
less than 10% of conventional care (Kaplan
et al, 2017; Rodway et al, 2012), which may
interest governments with tight budgets.
Further studies on cost savings and the efficacy
of the multinutrient supplementation are needed
to increase the likelihood of insurance or public
health reimbursement. Regardless of the weight
of the evidence, however, clinicians are well
served to be mindful of the advantages of psy-
chiatric medications that may appeal to some
families. Those advantages include the existence
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of insurance coverage, the fact that medications
require few pills, and less frequent dosing.

Conclusions

Research evidence underscores the importance of eat-
ing a healthy diet for achieving and maintaining opti-
mal mental health. Clinicians have an opportunity to
talk to their clients about this connection. This paper
supports teaching clients about the importance of
eating a whole-foods Mediterranean-style diet as an
additional tool to incorporate into routine clinical
practice. Good nutrition provides the foundation for
other interventions such as cognitive-behavior ther-
apy or medication. Attending to nutritional needs first
may increase the likelihood that subsequent therapies
will be more successful - an hypothesis that seems
logical, but has not yet been evaluated. For some
clients, eating a whole-foods diet is not sufficient.
After considering the range of lifestyle and therapy
factors, including sleep hygiene, exercise, ongoing
relationship difficulties, frequency and type of psy-
chotherapy, as part of informed consent, clinicians
may want to consider discussing the research on mul-
tinutrient supplementation, including both the pros
and cons of this approach.

In any discussion of nutrient supplementation, it
is essential that supplements are not viewed as
a substitute for a healthy diet. Given this field is
rapidly expanding, with studies underway to
further investigate mechanisms of action, others
replicating and adding greater methodological
rigor to the published studies, as well as further
RCTs exploring the efficacy of micronutrients in
the treatment of a variety of disorders, psycholo-
gists will have a wealth of data available to inform
their clinical work. This review provides the foun-
dational knowledge as well as resources and read-
ings for further exploration for psychologists and
clinicians motivated to educate themselves about
the field of nutrition and mental health. In addition,
a new mass online open-access course (MOOC) has
just been developed for educating professionals and
the public on the topic of nutrition and mental
health (https://www.edx.org/course/mental-health-
and-nutrition).
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