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An important note on the nature of this report

This report aims to make accessible to a varied
audience the breadth and depth of research that
appears to demonstrate a link between diet and
mental health, and to place that evidence in the
context of a changing food system.

As such, it tries to pull together information on a
variety of specialist subjects - from foetal brain
growth to Alzheimer's disease - into one document,
to provide a good overview of the issue. Due to this
variety, it has been impossible to go into each
subject in as much detail as some readers would like,
and some related subjects - such as dyslexia - we
have been unable to cover at all.

research is needed, and this is reﬂected in our
recommendations. ‘
I~
We also accept that, while-we have aimed for a
balance between those- studles 'that have found a
connection between dlet and ‘mental health, and
those that have not, we have focused more on the
research that demonstﬁates a link between diet and
mental hea%\
Scientiﬁca‘Hy trained readers may take issue with
§\Ame aspects of the report - including the use of
e terms in their common usage, and not their

}ékl%lcal medical definition. We emphasise that this

b\ls because we hope this report will be widely
All the research studies that have been referenced accessible, particularly to those beyond the scientific

have been accepted for publication in sclentlﬂc
journals. However, this is not a svstematlc\rewew of
all the literature, nor is the report intended Pn@grlly
for a scientific audience. We accept that there are
differences in the quality of studles included, even
though they have been published, and have tried to
distinguish between those that should be given
greater credence and those that should be read with
more care. N\

However, we ﬁave‘no{ systematically weighted each

study according to its methods or size. Our intention

is tha{ E\document should be assessed as a whole,

to @ stra‘{e; the breadth and depth of research,

\andﬂ -as a scientific review of particular studies or

pa\lcular issues. We fully acknowledge that more
AN

communlty

Non-scientific readers may not be aware of the
reasons why food supplements are referred to so
frequently. Because of the nature of controlled
studies, with their need for double-blind conditions,
it is often difficult or impossible to test food itself.
Therefore, supplements are often used as a
replacement.  Although we happily acknowledge
the obvious validity of their use in trials, it is
important to state clearly that Sustain does not
support the use of food supplements as an
alternative to eating a healthy diet.

*Ville
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Foreword

Over thirty years ago, the scientist Michael Crawford
warned that the explosion in the prevalence of heart
disease seen in the west during the 20th century
would soon be followed by a rise in mental health
problems. Reasoning that the nutrients necessary for
keeping a healthy heart were the same as those
needed for a healthy brain, he predicted that the
dietary causes of poor heart health would inevitably
lead to increased problems in brain and mental
health.

Michael was a pioneer of such research in those
days, and his work is now finally gaining increasing
and well-deserved recognition, both domestically -
he is now a Professor of the Institute of Br

tionally. Unfortunately, the warnings from Prfofe\s\sor‘/‘
Crawford and the growing number of %blleagues
working in this important field, are still n/otit%eing
heeded by policy makers, and his-predictions are
coming true. Depression is now the leading cause of
disability worldwide and miental health problems
presently cost £100 billion each year in the UK
alone. RS\
i \\ < ~.

Mental health is all too often a neglected subject
and, until now; it has -been completely neglected by
those working on food policy issues. Although
comm \\s‘e\nis,e/ftells us that what we eat will affect

the\ﬁw\&é;q [, there is resistance to the idea that
\\djet\\a ects mental health. | well remember similar
r‘e{staﬂce, some 20 years ago, to the idea that our

N

poor quality diets were contributing to our high rates
of coronary heart disease. ‘%
A~

This reluctance to accept what is T @}obvious seems
bizarre, with the benef"{t,,,,‘Qﬁ 20, years of hindsight.
But we simply cannot wait another 20 years to reach
the same position with food and mental health. If
we leave current trends'to continue unchecked over
that period, the costs of mental illness will probably
far exceed the already huge costs of physical illness.
Worse still, if we do not address the fact that our
food and farming system is environmentally
‘Unsustainable, then we may lose the means to
/rfPeVe/ht much diet-related ill health. In particular,

Nsh stocks in some parts of the world have already

Chemistry and Human Nutrition - and intera:

een exhausted, and many other are on the brink of
collapse.

We can prevent these potentially catastrophic
futures. | hope this report marks a point where our
efforts to do so begin to accelerate.

Professor Tim Lang

Professor of Food Policy, City University and former
Chair of Sustain: the alliance for better food and
farming
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Summary

The brain is the largest organ in the body and, like our
hearts, livers and other organs, it is affected by what we
eat and drink. However, unlike with other organs, the
links between diet and the brain - and hence how we
think and act - are not yet recognised by government and
most health professionals.  This report - and its
companion volume - aims to change that situation.

Sustain: the alliance for better food and farming, working
with the Mental Health Foundation, has collected and
analysed around 500 research studies, published in peer-
reviewed scientific journals, to demonstrate the breadth
and depth of the evidence linking what we eat with

93
[/

mental well-being and behaviour. 2

< QX
Despite the large number and generally good quahtyk

the research studies, scientific understandlng ‘of these
links is far from complete, but it is already clear. that lour
diets affect how our brains are made and hiow the ork,
throughout our lives. Some perlods though are more
critical than others for brain development
o~

For example, 70% of the energy. ébéorbed by a foetus
during pregnancy is - ;diArecte/d towards  brain
development. O‘thek; r/esearch‘l'ias focused on the impact
of diet at different life stages right up to, and including,
old age. The ﬁgni‘fican‘te of diet for mental health and
well-being varLes but there appears to be no point at
Wthh\ Nas no effect.

N
\The(e&e some important nutrients for brain development
and function, but they can only work properly if a wide
r;%e of other nutrients are also available in the right

There is no
s the key to

amounts and in proportion to each other.
"magic bullet" or single nutrient that h
mental health and weII-being. (

The combination of nutnents that is most commonly
associated with good mwental hea]th and well-being is as
follows: :
® polyu aturated fat/)j/ aads (particularly the omega
3 typet%ound in'oily fish and some plants);
[ mmeraTs\ such as zinc (in whole grains, legumes,
/meat and milk), magnesium (in green leafy
\A ‘vegetables nuts and whole grains), and iron (in red
A\Tneat green leafy vegetables, eggs and some fruit);
% “and
® vitamins, such as folate (in green leafy vegetables
and fortified cereals), a range of B vitamins (whole
grain products, yeast and dairy products), and anti-
oxidant vitamins such as C and E (in a wide range
of fruit and vegetables).

\

This is, of course, the same type of healthy balanced diet
that is widely recommended to reduce our risk of
developing coronary heart disease, strokes, a range of
cancers, diabetes and a number of digestive disorders
and conditions.

People eating diets that lack one or more of this
combination of polyunsaturated fats, minerals and
vitamins, and/or contain too much saturated fat (or other
elements, including sugar and a range of food and
agricultural chemicals) seem to be at higher risk of
developing the following conditions:

oXeo
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e Attention-deficit/hyperactivity disorder (ADHD)
® A range of depressive conditions

® Schizophrenia

® Dementia, including Alzheimer's disease

The evidence so far does not show that these conditions
can be prevented or cured by diet alone. However,
evidence is accumulating that the combination of
polyunsaturated fats, minerals and vitamins may help to:
® relieve the symptoms of some mental illnesses;
® improve the effectiveness of medication for some
conditions; and
e reduce the unpleasant side-effects of some
medications.

The diet that would give us the right amount and bal
of these nutrients would contain lots of/ dlfferent
vegetables and fruit, a wide variety of whole gnams nuts,
seeds and legumes, and some occasional' oily ﬂsh\xlean
meat and dairy products. It makes evolutlonary sense
that this type of diet would be good for both our physical

and mental health. NN

A A\ W

When food supplies we(ei pl‘entifur, our ancestors would
have eaten broadly this kind of diet. Unfortunately that
is not what most of us are eating now. The agricultural
and industrial revolutions, followed by the globalisation
of world food- trade mean that most people in rich
counti X}and growing proportions in poor countries) eat:

AR

°: §\a am\@unts of a few types of vegetables and

\fru t;

very few whole grain products - our carbohydrates
S are mostly refined (such as sugar and products

made from white flour) - and from very narrow
range of cereals (90% of the calories from cereals

eaten in the UK are from e/at)\%
e very little oily fish, but large quantities of

intensively produced meat 'meat products and
dairy products;  (( )

e unknown (and p0551b1y unknowable) combin-
ations of food yand/afgrlcultural chemicals, either as
intentiqnal‘\addiﬁves or accidental residues.

RN
As a result, instead of our diets providing a healthy
f\Ambmat;on of polyunsaturated fats, minerals and
ins, we are eating too much saturated fat, sugar and
/s@lt\cmd not enough vitamins and minerals. Our analysis

&\b\of the research indicates that this diet is fuelling not only
ance

‘obesity, cardiovascular disease, diabetes and some
cancers, but may also be contributing to rising rates of
mental ill-health and anti-social behaviour.

The personal costs of mental ill-health are already too
high. The costs to society as a whole are high - the latest
estimate is £100 billion in the UK alone - and rising. This
report concludes by urging government to tackle, with
renewed urgency, our unhealthy and unsustainable food
and farming systems. The changes we are calling for will
have negligible risks and enormous benefits to physical
and mental health and well-being. The consequences of
failing to make these changes could be almost too
terrible to contemplate.

Changing Diets, Changing Minds: how food affects mental well being and behaviour *Xle






Introduction -

Much attention is currently being paid to thmmg crisis of obesity. Throughout the industri-
alised world and, increasingly, in non- mdustrlallsed countries people are eating too much
unhealthy food and exercising too\httle“The result is a staggering rise in the number of
individuals, many of them chllgjren, WJ’\&SE weight far exceeds what is healthy. In turn, as has
been well documented, unheal‘ ?Ii'Lfestyles are contributing to the increase in diseases such as
diabetes and diet- reIated cancers

Exercise is an |mport nfactor but recent changes in the amount and types of food eaten are root
causes of these sudden>and dramatic changes in patterns of disease.

SN )
At the same tll’l?@ the world is also facing another less visible health crisis - this one in the realm
of rnéfx ‘health. Like obesity, mental and behavioural disorders are of increasing and serious
heaﬁ.%concem However, unlike obesity, mental health receives very little public attention.
\\The?%rs also very little awareness of the growing evidence that the same factors responsible for
oﬁgsny (i.e. too much and the wrong kinds of food), may also be partly responsible for this
increase in mental and behavioural problems.



Introduction

Disorders affecting mental health are very common and affect all societies and all ages. Worldwide, 450
million people suffer from mental or neurological disorders or from psychological problems related to alcohol
or drug abuse.! These conditions include depressive disorders, bipolar affectivegdi’s‘b\\%er ("“manic
depression”), schizophrenia, Alzheimer’s disease and obsessive compulsive disorder. o

\.

/o~ \

Representing four of the leading ten causes of disability worldwide, mental heajthp\rob[gms affect more than
25 per cent of all people at some point in their lives. At any one time, about 10 per cent of the adult
population is suffering from a mental or behavioural disorder. It is also e,stimaitéd"that one family in four is

affected by a member with a mental or behavioural problem.? N (C—~©

Like obesity, the problem is increasing. Presently, mental healthfbréreﬁm account for 12 per cent of the
global burden of disease, with depression being the leading cause of disability worldwide. Five other mental
health conditions figure in the top 20 causes of disabilit\\%inffth\é\‘\/‘vdrld. At current rates, it is predicted that
depression will become the second highest cause thh@gha\bﬁl disease burden within the next 15 years.?

(A N,
One way to measure the impact of diseases is to- 2fé\%?eﬁDALY system — one Disability Adjusted Life Year is
one lost year of “healthy” life. This measure is used by bodies such as the World Health Organisation to assess
the impact not only of early deaths, but also/éf\{o\é‘twgrking years among adult populations — both on human
health and on economic health, especiallﬁm poorer countries. In 1990, mental and neurological disorders
(these include epilepsy) accounted for 10.5/p§r>/cent of the total DALYs lost due to all diseases and injuries.

In 2000, this had risen to 12.3 per‘cent and projections indicate that, by 2020, it will rise to 15 per cent.*
AN\
N

The cost of me;nté“l‘/‘iHness

This has profound implications. Not only does this result in the suffering of individuals and the consequent
detrimental effect on families; the economic cost to society is serious. The direct cost of medical treatment is
already high, but when the indirect cost of lost productivity is calculated, the price of mental health problems
is enormous.® . <
N\ )
TheXowst&\o,f/ ﬁ\wgntal ill-health in the UK, including everything from lost productivity to informal care, is
\\curr\aihyapproaching £100 billion® per year. £28.3 billion of this is due to losses to the economy, as many

so

a However, the indirect costs calculated are always underestimates, as lost opportunity costs to individuals and families are not quantified.
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Introduction

adults with mental health problems do not hold jobs. Moreover, one study in the UK showed that
expenditure on inpatient mental health services was 22 per cent of the total healthcare spending.®

The cost to industry is also enormous: over 91 million working days are lost to mental é;amboroblems each
year, costing companies £4 billion annually®.” NN

There is no clear consensus as to why such an increase is happening. Suggestions have included increased recog-

nition and diagnosis, the “stress of modern living” and greater isolation from family and other support networks.
O

The role of food? S\

However, there is also now a growing canon of research\)gowmg a relatlonshlp between what a person eats
and the way that person feels or acts. Evidence pomts%o\@ks not only between nutrition and day-to-day
mood fluctuations, but also more severe mental il ness/aﬁd\behavnoural problems. Taken in its entirety, our
review of the evidence suggests that, similar to ob ,too many people eating the wrong kind of food could
be a contributing factor in the rise of mental and be avioural problems.

N

Anecdotal evidence of the connection betWeen dlet and brain function has been present and growing for many
years. Beyond grandmotherly advice on brgm?od a number of health professionals, parents, teachers and
patient organisations have repeatedly asserted that changes to diet are mirrored in mental health and
behavioural changes. Initially, m/any-Of‘fhe claims were made about children’s behavioural reaction to food
additives, but now it is much ‘brpade? — research into depression, schizophrenia, dementia and anti-social
behaviour have all implicated diet as a factor in the progression and treatment of these conditions.
A\ 2

Although it is true that méhtél and behavioural disorders are highly complicated, involving a combination of
biological, psychological and social factors, there is also a growing understanding that mental health has a
physical basis in the brain. Indeed, widely accepted and promoted pharmacological treatments work by altering
phySIcaI attnhutesfpf the brain and disorders are often attributed to physical and chemical malfunctions.

\b%&thgguestlon — what may be causing the physical fault? The brain is an organ, just like the heart,
\sto or liver — and whatever affects these organs can also affect the brain. Nutrients consumed in the
\

b This may also be an underestimate, as employees may prefer to say they are suffering from stress, rather than the more-stigmatised depression.

Changing Diets, Changing Minds: how food affects mental well being and behaviour e3e



N/

Introduction

diet are some of the most consistent physical influences on the body. Whether someone is healthy or not
can often (and increasingly) be traced back to the types, amount and nutritional quality of the food they eat.

Resistance to the link AN

However, there has been fairly consistent resistance from many in the establlshed medlcal community and

government (as well as the manufacturers of nutritionally-denuded products) to the idea that what a person

eats affects how he or she feels or behaves. Evidence for this can b&een inthe lack of reference to the diet-

brain connection, or to groups highlighting the issue, in government publlcatlons and policy documents.

A

Some scepticism about the links between nutrition and mental or behawour is not surprising, as the evidence

quoted has often been based on relatively small studies and! deVIdual case histories. For medical and official
opinion to shift, larger trials producing consistent data are?yeEQéd ‘Fortunately, these are now starting to appear.

Nonetheless, it is important to look at the full bo ta that has already accumulated, not only as a basis
for further work, but also to indicate what could an ould be done now on the basis of existing evidence.
After all, the acceptance of causal factors in dle‘t related health is a gradual process — it is only surprisingly
recently that diet was recognised as a fador in coronary heart disease, and only then after many years of
research and campaigning. N\ o \x

A~

The purpose of thlsreport

Many research sci{entis‘(s‘;haye worked over many years on a wide range of diet-brain related topics. Indeed,
some of the first were. th‘e:v‘e:‘y scientists involved in discovering and defining vitamins — more often than not,

the very first symptom of a vitamin deficiency is psychological.
// A\

Hundreds, of- stu@h;es linking diet to mental health and behaviour have been published in peer-reviewed
medlg T&umals Many of these have tested patients’ response to dietary changes in randomised controlled
trla\lw&%nmd@gd to be the ‘gold standard’ for authoritative clinical evidence. Others have looked more

c For@xample the most recent Department of Health directory of mental health organisations, Contact: a directory for mental
~ health 2005 fails to mention a single organisation that draws attention to the role of diet in mental health. (For a list of these
organisations, see page 97).

*4e Changing Diets, Changing Minds: how food affects mental well being and behaviour



Introduction

generally at population levels of mental illness and food intake. It is important to note that the report does
not claim that any one study ‘proves’ anything — but, although not all studies have delivered positive results,
the sheer number and quality of those that have found a link between what we eat and/,rhof'w% feel should
merit both public and policy attention. .

It is also vital to emphasise that this report does not seek to suggest that poor dlets are the causal factor in
all mental health problems, behavioural disorders or mood fluctuations. However our review of the evidence
suggests that nutrition is a highly plausible and important contributory factor in both the cause and treatment
of such conditions. Moreover, it also suggests that the dramatic @an’/ge in-the way food is produced and
consumed, witnessed over recent decades, is a plausible explan ation for the rise of mental health and
behavioural problems over the same period. N

The first and second sections of this report present the evaence llnklng dlet throughout a person’s life to brain
health and general mental well-being. Our review of t \e\\hdence begins with the way nutrients influence
physical brain development in early life; discusses how (ja(y -to-day mood and well-being are affected by what
we eat, and concludes with how older brains ar/ei 2ﬂge\c\Qd by a lifetime’s nutrition.

The third section examines the evidence lmkmgdlet t6 four specific disorders — Attention Deficit Hyperactivity
Disorder (ADHD), depressive affective dlsbrders 'schizophrenia and Alzheimer’s disease.

The fourth chapter sets out how and why dfethlave altered so dramatically over recent decades. It presents
an overview of how our food has changed beyond recognition over recent years, outlining the changes in
agricultural and industrial production that have contributed to reduced availability of the very nutrients that
appear to support brain nutrition, and increased the consumption of nutrients that seem likely to undermine
mental health. N\ .
. A\ W
In the final chapter, we contend that improvements in diet would be beneficial to such a large proportion of
the population that action is now needed at a national level to improve the situation. Our review of the
evidence of the links between diet and mental health should, at the very least, lend weight to current
gove \ent and Food Standards Agency initiatives encouraging the food industry to improve the nutritional
of ro \egsed foods. We also hope that it will stimulate government into reviewing food and farming
pOIIQe§ to ensure that these work in favour of the best possible human nutrition. In the final section, we
therefore also recommend what government could be doing to ensure that the nutritional quality of our food
stﬁéply is improved, to contribute to the health, both physical and mental, of the nation.
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In order to understand how food might affec mental health and behaviour, it is useful to
understand how food physically affe;t %ﬁre/braln The following chapter details the science
behind how nutrients affect the brai \amed at readers with no background in the area. More
experienced readers may W|sh ro irectly to the next chapter.



The science of nutrition and the brain

The food we eat contains nutrients that are necessary for the human body to grow, repair itself and sustain
life. In fact, the human body can be seen as a synthesis of the nutrients it takes in through food, from the
moment of conception until death. The healthy growth of a foetus in the womb is hj,ghj]'y endent on
whether it receives adequate nutrition during gestation and, when the baby is bor ':grﬁgrows towards
adulthood, what he or she eats will have a profound impact on his or her growth and health.

What do we need to eat? N\~
N
Although a cliché, humans literally are what they i ~—
eat. The composition and chemical processes of the A humapf?body\%ighing 65 kg comprises:
human body are highly dependent on what o//,§1‘.§%,w‘/éter,
nutrients a person consumes from food. The \Ao}f\17",‘/6‘]p’rbtein,
following provides only a brief summary of basic A\(\’[sfg% fats,

human nutrition, in order to set the scene for our’ - /ﬁs»/éj% minerals and
discussion of the links between diet and ment: @ 1.5% carbohydrates.*
health and well-being. (C

U\ ) M
"\

It is estimated that the human body requil%\s‘-\\b¢tWeen 40 and 50 nutrients to function properly.’ These can be
divided into the following categories: water, ca@ohydrates, fats, proteins, minerals, vitamins, and indigestible
. . AN\ C . . .
nutrients such as fibre’. The larger components of the diet are described as macronutrients (carbohydrates, fats
and proteins); the smaller components are described as micronutrients (minerals and vitamins).® Nutrients
provide the building blocks of the body, as well as supplying the energy it needs to function.?
>

e \ s/

Proteins . Q Y

The type ano”\aua/ity?of proteins consumed in the diet emerged as an important factor in our review of
evidencefpf the links between diet and mental health. We therefore draw attention to the “essential” amino
acidsi‘h@;must/,be consumed in the diet, because they cannot be made in the body, in order to inform the
e dcusion

\\/ O\ 0

a Theré>are also many other substances that exist in food that may be useful to or necessary for the human body, but little is known about them. For example,
%re are hundreds of chemical compounds in coffee, including caffeine, but only about twenty of them have been studied. It seems likely that “basic” nutritional

information will increase as more studies are done.
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Proteins, found in a wide range of foods, are
necessary for the growth and repair of the body,
as they are the main constituents of the body’s
cells and tissues. Proteins are made up of chains
of amino acids most of which are manufactured
within the human body. However, there are eight
(nine for children) that are called “essential”
because the body cannot make them; they can
only be found in food.’ Because there are many
types of amino acids, there are many types of
proteins — some of which are a better biological
“quality” than others, depending on how many
of the essential amino acids they contain.

Dietary fats pN

The type and quality of fats consumed in the diet-

emerged as an especially important factor-in our
review of evidence for the links bet’weer} \t
and mental health. We therefore describe the
different types of fat here in“some. detail, to

. . . /
inform the later discussion. <
Ve

P <

Dietary fats (also_called lipids) ‘take two forms:
structural fat and ‘storage fat. Structural fats are
vital for cell membranes and other cellular tissue,

while storage fat stockplles fuel for the body.®

Dletatyféts are bU|It from fatty acids, which are
elth a&’gurat\eg or unsaturated. The unsaturated

\\fats\m their turn, can be categorised further as
polyunsaturated and mono-unsaturated fatty
acids (see box).

Saturated and unsaturated fats

There are several different types of fat which, depending
on their molecular construction, ‘h\@/e important
differences in their chemical prop ies. Fats are made
from a combination of other moIeCUIes including fatty
acids. A fatty acid is a strlng of carbon atoms, each
attached to hydrogen atoms “with a weak acid molecule
at one end. Q L <O

Afatty acid Ca’neithér be ‘saturated’ (where each carbon
atom’s possrble bonds are taken up with a hydrogen
atom), or ‘unsaturated’ (where some of those bonds are
S aréq doubly with the adjoining carbon atom). If there

C apeﬁnbre than two of these ‘double bonds’ it is described

sa polyunsaturated fatty acid (PUFA). If there are more

“[\than four, it is described as highly unsaturated (HUFA).

Although these differences appear to be very small, the
double bonds change considerably the characteristics
and dietary effects of the fats that the fatty acids create.
Saturated fatty acids are rigid, while unsaturated fatty
acids are more flexible. Most fats will possess a range of
fatty acids, and take their properties from whichever acid
is more dominant. If a fat has a high proportion of
saturated fats, it will be hard and essentially solid (e.g.
butter). If there are more unsaturated fats, it will be softer
and more liquid (e.g. olive ail). The lower the saturation,
the more flexible or fluid the fat.

There is a great deal of evidence that diets high in
saturated fat can increase the risk of a range of diseases,
particularly coronary heart disease.
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All fats have a mixture of saturated and unsaturated fatty acids — in different proportions depending on the
source of the fat. Fat from land animals tends to have a higher proportion of saturated fats ‘while fat from

plants and some fish oils have a higher proportion of unsaturated fats.’ (
e \

The polyunsaturated fats (PUFAs) include the “essential fatty acids” (EFAs), Iinoleic’ acid and linolenic acid.
These are referred to as structural fats because they are the main component in cell Walls Like essential
amino acids (protein) they cannot be made by the body but must be derived! from the diet.®

o~ O
Carbohydrates % N
‘/"" - \\\\
Carbohydrates come in two forms: sugars (‘simple’ carbohydrates ~monosaccharides and disaccharides) and
starches (‘complex’ carbohydrates — polysaccharides). T\Aey are burned during metabolism to provide the
body with energy. ) A\

N
Micronutrients — vitamins and m/n Is

In our review of the evidence for the //nk& between diet and mental health, certain minerals and vitamins
emerged as making a crucial contrlbuflon to I;Q%m function.

The micronutrients — minerals and wtamms — perform a number of essential functions. The main minerals in
the human body are calcium,- chlorme cobalt, copper, fluorine, iodine, iron, magnesium, manganese,
phosphorus, potassium, ?elenlum “sodium, sulphur, and zinc. Some of these are found in large amounts
within the body, while some are required only in very small amounts (these are called ‘trace elements’).®
Minerals can form the basr§ of bodily tissue (e.g. calcium for bones), provide the essential elements of
hormones (e.g. Iodme for the thyroid) and assist with vital bodily functions (e.g. iron for healthy blood).™
SO
Some of the. more lmportant vitamins include A (or retinol), B1 (thiamine), B2 (riboflavin), B6, B12, C
(asco cnd) D, E, K, folic acid, niacin (nicotinic acid), biotin, and pantothenic acid."" All vitamins, with the
aof@@amm E (which the body is able to synthesise), must be derived from the diet.

\\ \
N
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How the nutrients are used

When food is eaten, it is broken down by the digestive process into its constituent parts ;dfhaSgutrients can
be absorbed or used for energy. For example, if fat is ingested, it will be broken dow 'rim\hé ifferent fatty
acids, which may then be converted (or ‘elongated’) into the types of fatty acids then&% needs. Similarly,
protein will be broken down into its different amino acids. These are then avallable to perform a wide range
of processes in the body — including acting as a precursor to other metabolic processes

A very important point is that, even though every nutrient has a ecrﬁc furfc/(ion, no nutrient ever works
completely alone — this is known as the principle of nutrient intera tidn,,‘é Anything that a nutrient does, it
does with the assistance of a series of other processes, only made posﬂb% by the presence of other nutrients.
It is vital that this is taken into account particularly in the l/ght af stud/es detailed later, which test specific
nutrients in isolation.

A\

How do nutrients physmally,‘ @t the brain?

In order to understand how diet may affect’ mood and behaviour, it is first necessary to understand how the
nutrients described above physically affec‘&the braln

AN

How the brain works: N

The brain, and the rest of thé nervous system, is partially constructed from billions of nerve cells, called
neurons. Commumcatlon between these neurons allows the brain to "work” — the communication taking the
form of electrical or chemlcél signals between brain cells, using a complex and unique process to facilitate
the passing of mformatlon throughout the nervous system.
L\

The chemicals. that carry the signals are called neurotransmitters. When a neurotransmitter chemical is
release it stlmulates the target cell, which then continues the signalling process. Its job done, the
net\&fd\ m@ter is either absorbed by the releasing cell or destroyed by an enzyme.

Y/
N T re&are over one hundred different chemical neurotransmitters in the nervous system, some distributed
throughout and some concentrated only in specific neuronal areas. All perform specific roles in the
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functioning of the nervous system — including in mood, sleep, motor function, and pain relief.' One of the
major groups is the monoamines, which includes the neurotransmitters serotonin, dopamine, norepinephrine

and acetylcholine. A
e \

Most neurotransmitters are made within the brain, derived from a variety of different chemical compounds
known as the neurotransmitter’s “precursors”. If the precursor is not available/,;ﬁg\prayi‘n will be unable to
create the neurotransmitter. The knock-on result may be that the neurons will be unable to communicate

"\

correctly. ; N

How the brain is made N \\

"\
N\

Like all cells, neurons are composed of a cellular membrane wfthgit\\is“fﬁdstly fat (or lipid) surrounding a nucleus
and other matter suspended in water. As such, th/erbra?m«‘{é]‘f is'mostly made of water, but with about 60
per cent of its “dry weight” being fat."” The spinal ‘cord is similar, being about 70 per cent fat.”

< vd

>
The fat in the brain is unique in the body for being predominantly composed of highly unsaturated fatty acids
(see above)'” — the most flexible type of fat; letis?emures that the cell membranes, which play a vital role in
transferring and incorporating nutrients'® and are essential to the correct functioning of the cell, are also
highly flexible, allowing rapid changes in th%membrane shape.” This flexibility is vital to the successful
communication between the billioris.of cells in the brain.

P \ )

Essential nutrien{s;i‘féf‘the brain

The brain is no;dikffe“/ren ‘;r‘ofrh any other organ in its need for proper and adequate nourishment. Brain cells
and neurotransmiitté~rs are all created from nutrients, and nutrients continue to influence both their growth
and their activity.

TN //1,‘/

Nu&j@ts;e@d neurotransmitters

 <;’ N %

A%iegcribed above, neurotransmitters are made from chemical precursors — usually from an amino acid
(protein). There are several different types of amino acids, many of which are made within the body.

°12e Changing Diets, Changing Minds: how food affects mental well being and behaviour



The science of nutrition and the brain

However, as already mentioned, a number of amino acids are defined as ‘essential’ because they have to be
obtained from the diet and cannot be created by the body. Some of these essential amino acids include
leucine, phenylalanine, lysine and tryptophan. (Others, such as tyrosine, are consid,eféd%onditionally
essential” because, although they can be made in the brain, dietary sources may also f{ié@sary to ensure
adequate supplies.”) N

Some of the essential amino acids are themselves precursors to neurotransmittéfs 'su'\ck;h’ as serotonin (from the
essential amino acid tryptophan) and catecholamine (from tyrosine and phenylalamne) This means that if
the diet does not provide adequate amounts of these amino acids; the ‘neurotransmitters may not be
produced adequately — theoretically creating problems in commu lcatlon ‘between neurons. (However, it
should be noted that the likelihood of a diet being deficient lﬁ ammb acids is quite low, particularly in
Western countries.) P\

The following text highlights a number of neurotransm}fﬁér\precursors that are relevant to our discussion of
the links between diet and mental health. 2 /

Serotonin
Perhaps the most widely studied in diet- beha\u@ur research has been the connection between the amino acid
tryptophan and the neurotransmitter sero*tonln Tryptophan is found in foods such as eggs, meat and beans
and is first converted in the body to 5- hydroxy’\&\gptophan (5-HTP) before being converted to serotonin. Some
of this serotonin is then further metabollsed to produce the hormone melatonin — known for its sleep-
inducing effects. < \\

N 7
The levels of tryptophan available for conversion to the serotonin transmitter is not only affected by the
amount contained in ‘the‘f‘diet./ The presence of protein (even though it contains tryptophan) decreases
tryptophan’s availability.in the brain because it introduces amino acids that compete with tryptophan for
transport to the brain. Conversely, carbohydrates (even though they contain no tryptophan) actually increase
tryptophan’s availability, because the insulin released when carbohydrates are digested puts the competing
amino acids to adifferent use, easing tryptophan’s entry into the brain.

In @&&Qn é{\number of different enzymes, minerals and vitamins are essential to convert tryptophan to
‘o o7
\\s‘ergtonxn,

S
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Catecholamines

Catecholamines are a class of neurotransmitters that include norepinephrine and dopamine. Both norepi-
nephrine and dopamine have a number of roles, including mood regulation.”” The diepa’fy“ cursor is the
amino acid tyrosine which, although not strictly an ‘essential” amino acid, is still partiall dé?%d from food.”

Tyrosine is converted into these neurotransmitters by several enzymes, some of whlch are facnlltated by other
nutrients in the diet — for example copper and vitamin C.** Even if the levels of tyrosme are theoretically
adequate, a lack of other vital nutrients may impede its functioning. N
//— e
Acetlycholine N
Another important example of dietary effects on neurotransmltters is. bﬁplme Choline can be made in the
body, but it is also consumed as a component of the plant llde lecithin (found in, for example, eggs, liver,
peanuts and cauliflower). Choline is the precursor to themeurotransmltter acetylcholine, which is important
in memory formation. A\

D
Thiamine, or other B vitamins, also affects this&%eurotransmltter. The presence of such B vitamins is
necessary for the body to produce its own choline”andto ensure that another amino acid, homocysteine, is
properly converted to acetylcholine. 2\

Nutrients and neurons A\ © N
Essential fatty acids .\
As we have already related, the bra”n is about 60 per cent fat — mostly in the form of highly unsaturated fatty
acids — the most flexible form of fat. Moreover, 20 per cent of the dry weight of the brain — approximately
one-third of the amount of total fat — is made from the ‘essential’ fatty acids.” Like the essential amino acids,
essential fatty aCi‘ds‘r‘nust be derived from the food we eat.
L\
All of the essentla} fatty acids in the brain fall into two categories — omega-3 and omega-6.” These names
denote”. |I|es of essential fatty acids — both polyunsaturated. The omega-3 fatty acids include alpha-
llnC;F/ & /d%the omega-6 fatty acids include linoleic acid. It is generally understood that the balance of
\omeg s and omega-6s consumed in the diet is important for brain health. But these essential fatty acids
are also important because of the different stages they undergo during their conversion in the body into long-
chain fatty acids.? Each type — omega-3 and omega-6 — goes through a separate ‘conversion sequence’, with
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each stage of the sequence performing or contributing to important processes for brain health.

When essential fatty acids are eaten by animals and humans, they are digested and- the longated or
converted into different types of fatty acids (see above) — the elongation makes them ng&h@m' fatty acids.
In the case of linoleic acid (LA, from the omega-6 group), it is first converted to gammav inolenic acid (GLA);
then to dihomogammalionlenic acid (DGLA) before being further elongated to become arachidonic acid

(AA). Arachidonic acid comprises approximately eight per cent of the dry Welght of the brain.?

A simplified illustration of the essential fatty acid converSIQQSé(iuencé

Omega-6 Conversion / \Wga 3 Conversion

A

Linoleic acid (LA) Ipha Llnolemc Acid (ALA)

Gamma-linolenic acid (GLA) Eicosapentaenoic acid (EPA)

Dihomo-gamma-linolenic acid ( DGJ:A Docosapentaenoic acid

@\\

Arachidonic aciof\(A\\ \ Docosahexaenoic acid (DHA)
o\ !

Alpha-linolenic acid (Ai“ \\from the omega-3 group) is also converted through a series of elongations of the
fatty acid. After som t al conversions, it is converted to eicosapentaenoic acid (EPA); then to docosa-
hexaenoic acid (DHA) Like arachidonic acid from omega-6 fatty acids, DHA from omega-3 fatty acids makes
up about eight per cent of the dry weight of the brain.*® DHA also makes up 60 per cent of the photore-

ceptors responmb’i}a for receiving light photons and sending image messages to the brain.*'

Alth v\ﬁon})@ery small amounts of EPA are found in the brain, it serves a vital purpose in acting as a precursor
%to me yroduction of eicosanoids.* Eicosanoids are a group of short-lived hormones that perform a number of
mplex functions in the brain, including regulating inflammation and releasing some neurotransmitters. AA and

DGLA (from omega-6 fatty acids) and DHA (from omega-3 fatty acids) are also precursors to eicosanoids.

Changing Diets, Changing Minds: how food affects mental well being and behaviour e15¢



The science of nutrition and the brain

Both linoleic acid (omega-6) and alpha-linolenic acid (omega-3) are found in plants - linoleic in the seeds
and alpha-linolenic in the leaves.” Animals that have eaten the plants (which contain only the shorter chain
fatty acids) convert these short-chain fatty acids into longer-chain fatty acids in their bodies. When the
animals, in turn, are eaten by humans, the longer-chain fatty acids are digested, e\a@ng that fewer
conversions or elongations are necessary within the human body. In humans, converslx\ﬁrom LA and ALA
is considered extremely slow — all told, less than two per cent of dietary LA and- ALA might be converted to
AA or EPA** Therefore, it is often argued that it is more efficient for humans to eat already converted fatty
acid chains by eating animals. , N

// —/ . //

This is supported by evidence that vegans and vegetarians often hz§e lower levels of omega-3 fatty acids in
their bodies than meat or fish eaters.** ** However, there is no ewden@e\that vegetarians’ or vegans’ health
suffer from these lower levels — in fact, they are widely conSIdered to be healthier than meat eaters. This
apparent contradiction warrants further investigation. |

A \“ )

It is not possible for the two essential fatty acids, o Tie aﬁkaﬁd ‘omega-6, to ‘cross-convert” into one another’s
conversion sequences. So, for the brain to recef\/e uate amounts of AA, DHA, and EPA, which are vital
for many brain functions, the body needs an adequ e‘intake of both. Because of the approximately equal
presence of both types of fatty acid in the brain, it is believed that dietary intake of the two should ideally
be balanced equally.”” This is partly because intake of one may affect the conversion rate of the other — higher
intakes of LA (omega-6) to ALA (omega 3) ter\hglto reduce the amount of the omega-3 fatty acids converted
to EPA and DHA .*® Vitally, the ratlos of bothin the brain are regulated and reflected by the ratio of these two

fatty acids in the diet.* -

A D

In discussing the links between the type, quantity and quality of fats in the diet and brain health, it is also
important to note. thaﬂ’ngh intakes of saturated fatty acids may also affect the synthesis of the longer-chain
unsaturated fatiy acids, mterferlng with their incorporation into the brain.*

Micronutrients, ‘oxidation and other factors

Micronutrients have a long and documented history of association with behavioural and mental disorders.

lndeeﬁf\ﬁone‘ explores the symptoms of micronutrient deficiencies, behavioural or psychological distur-

bar&e&%e al@ost always listed as symptoms.*' Often, these mental symptoms appear before any physical
\s1gn& adeficiency® - for example, scurvy from vitamin C deficiency is often preceded by irritability and a

neral malaise.
\
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It has already been noted that copper and vitamin C can play a role in the creation of neurotransmitters. Zinc
and magnesium also appear to have a role in the stimulation and levels of certain neurotransmitters.*
Moreover, lipid metabolism is affected by zinc** as well as by magnesium and calcium.“jj\f“
~

Some micronutrients (antioxidants) also play a role in protecting brain tissue from- ox ation.* Oxidation
occurs when free radicals (unstable oxygen molecules) bond to and destroy other\compounds Vitamins C
and E are able to bond with free radicals, effectively neutralising these damagmg effects. Vitamin E also helps
lipid metabolism — because polyunsaturated fats are highly susceptible to Odeathl”( the presence of vitamin
E facilitates successful conversion to long-chain fatty acids.* N (> o~ ©

Conclusion

N3
Scientific knowledge about both the brain and nutntnor?& Fect on the body is growing every day. With this
growth in knowledge is coming greater understandin ap@ut how nutrients in food physically affect the brain.
However, it already seems relatively clear that t d we eat has an impact on both the structure and
physical function of the brain - how this mlght then

the following chapters.

N
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Diet, brain developl@rﬁ and

mental well bmng@oughout
the lifecycle

The effects of diet on mental health are n(a”m\ evident among those who are diagnosed with
a mental health condition. Diet affects ne's mental well-being, throughout their lives.
The preceding chapter established t%%%ﬁtrients derived from the diet have an effect on the
brain; but how is this reflecte brain and mental development? The following provides a
summary of the evidence linki t to brain development and mental well-being throughout
a person's life.




Diet, brain development and mental well being throughout the lifecycle

Nutrition in prenatal, postnatal and early life stages

The periods before conception, during pregnancy and throughout the first three years of'/liﬁ\\a>re the most
critical times for brain growth.' This is when neurons are formed and the connect ns%@ made where
neurotransmitters work. What happens to the brain in this short period will affect a%gon s mental and
emotional well-being for the rest of their life. S\

7 N\ >—"/

Birth weight a0

Much of the research on the effects of early nutrition on the brain, ‘comes from inferences drawn from studies
of birth weight. Therefore, information on the importance of blrth We/ght will be presented here first.

A baby that is born at full term and at a healthy WelgRI\*IQE many advantages, both physical and mental,
over pre-term or low-weight babies. Observation-o /fh% phenomenon has led to the “foetal origins
hypothesis”, which proposes that malnutrition i O?h\womb leads the foetus to adapt its physiology and
metabolism to a limited supply of nutrients, | cauSJ ealth problems later in life.” Originally linked to
physical diseases such as coronary heart dlsease and diabetes, some evidence now shows that babies born
underweight (who often continue to be small for their age) frequently suffer mental health problems.

A systematic review of studies that Tooked at the mental development of low birth-weight infants confirmed
that they are more likely to have poorel/levels of mental development than those born at normal weight.*
Negative effects can eventuaﬂy be. seen in 1Q, language and reading ability,>*” with differences noticeable as
early as six months of age:® There is also evidence that children born pre-term and with extremely low birth
weights have a hlgher fnctdence of cognitive problems than children born at full term.’

A low birth weigh_t ‘cfan ‘a‘l/s/o affect behaviour and mental well-being. Studies have shown that infants with
low birth Weights“are‘l‘ess co-operative, less active, less alert and less happy than normal-weight infants.” As
a low birth-weight child grows, it may become more anxious," less cheerful,”? suffer from a poor attention
span,’ nd- be assessed as having more behavioural problems than normal birth-weight children.™
YN

\\Thgre is also evidence that low birth weights may lead to increased psychological distress in later life and
studies have shown higher rates of depressive disorders in adolescence,” early adulthood and later in
middle age'” (see chapter 3 for further evidence on rates of depression).
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Moreover, the effect can be intergenerational. The birth weight of a mother and father is linked to the likely
birth weight of any child they produce.”®” If they themselves had low birth weights, a cyc]e of low birth
weight may develop, accompanied by associated developmental problems. A

Preconception P ,\,E;Lf“

The nutritional status of women and men before they even to try to conceivé\\is:l'iﬁkely to have a significant
impact on the outcome of any eventual pregnancy. Good nutrition@staffué increases fertility and the chance
of giving birth to a healthy baby. N\

7NN

Health before conception influences the body’s ability to store. ‘a‘nd use fat during pregnancy, affecting the
eventual nourishment of the embryo. The body’s aVOIdQACG of thls problem can be seen in the inability of
very thin or athletic woman to become pregnant.”’ Men' fertility is also affected by diet. A man’s sperm
count can be decreased through nutrient deficiencies; ngd%t}iotably zinc.”” Sperm count may also be reduced

by pesticide exposure.” &\b&

Low birth weight L)

There is some evidence that suggesfs that thé n\utrltlonal status of a woman at the time of conception appears
to have more of an impact on her future child’s birth weight than her nutritional status during her
pregnancy.’* It is suggested. that this is because poor nutritional status at very early stages can lead to
problems in embryo devéfopment/and DNA replication that cannot be compensated for later in pregnancy

or during early llfe RO
o\

Several studies e‘xp‘lOring"the high prevalence of low birth weights in socially deprived areas have found
strong correlaﬁons*be‘tween poor nutrient intake before pregnancy and eventual low birth weights.”’%*
< /\/"

FoiY“a%d \\

\ \
A% h?ar issue relating to preconception health is the mother’s folic acid status. In some women, a low folic
acid intake can lead to a higher risk of neural tube defects.*® The neural tube is the beginning of the brain
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and spinal cord, and any defects have very severe neurological consequences. Because it is formed so early
in pregnancy, when the mother may not even be aware that she is pregnant, healthy preconception folic acid
status is vital. Supplementation reduces the risk significantly’’ and some countries have II’]Stl’[Uf%JOOd fortifi-
cation to ensure adequate preconception levels in all women.

Maternal nutrition and foetal development [
Of all of the organs in the body, the brain and spinal cord areﬁerﬁaﬁs ‘the most sensitive to prenatal
influences (not only nutrition, but stress and other environmental factors).*2> Development of the brain in the
womb is extraordinary, with seventy percent of all the brain cells a/ humaﬁwdl ever have formed before birth.

O\ /,
OO

The brain is particularly susceptible in the first few WeeKAafter conceptlon when the basic structure of the
brain is being formed. After this point, it is relatively WeMtected until the midpoint of pregnancy at which
time there is a massive growth spurt.> During all fythl;@ehdd seventy percent of the energy taken by the
foetus is directed towards brain development.** %\

This energy is in the form of nutrients. However\ there is a concerning paucity of information on the specific
nutrients needed for the optimum growthhf\a foetus One researcher expressed a common frustration on this

issue: “it is a disgrace that we can’t be more p@glse (other than prescribing a generally healthy diet), but the
research hasn't been done”.” ~

However, there is a clear connectlon between generally good maternal nutrition and healthy birth weights®
and it is commonly accepted that general malnutrition leads to low birth weights.”** By inference, this might
mean that there is a connection ‘between maternal nutrition and the mental and emotional problems seen in
those with low. blrth Welghts“ (see above). In fact, evidence is growing that malnutrition in the womb does
indeed lead to lmpalred ‘neurodevelopment.®“°
& )

Moreover, ewdence of the effect of specific nutrients on healthy brain development is also growing. Much of
the r kh m‘thls area has concentrated on the contribution of essential fatty acids, which we discuss below.

\\
\\k N\
%
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Essential Fatty Acids (EFAS)

During pregnancy, over 600 grams of EFAs are transferred from the mother to the foetus"'/"%type of fats
that can only be gained from dietary sources — at an average of 2.2 grams per day.* ekﬁg ly, it is DHA
and AA (the major structural EFAs in the brain - see chapter 1) that are selectively traﬁsfe e;j by the placenta
to the foetus. Apparently, little conversion of essential fatty acids takes place m the\WOJ*ﬁb “

The EFA status of a foetus is intimately related to that of its mother.® If the EFAs a’ire not available from the
mother’s diet, the placenta will take them from the mother’s bod)% Accordm@ly the mother’s EFA status —
particularly her level of DHA - decreases throughout the pregnancy Th,lswtransfer of DHA greatly increases
during the third trimester, the same time that the foetus’ brain is growﬁﬁ rapidly.*

Some studies have shown that adequate amounts of A&gnd DHA in the mother are linked to higher birth
weights, and longer gestational periods,”“® and hence ?@\Qé wide range of health benefits associated with
these factors (see above) l\/\oreover results of a umbﬁﬁo\f studies have further suggested that high levels

i uIarIy DHA, have cognitive and behavioural benefits
other’s total intake of fish (often high in DHA) during
pregnancy found benefits from a high mtake m ‘the’children’s eventual language development.”® Another
found benefits for children’s attention levels.* However, the relationship is not clear-cut, as other studies have
found no correlation between measures of mtgglgence and DHA status at birth.**

P A\

Micronutrients N\
/ O

Some studies have shoWn;a;reIat/ionship between maternal intakes of specific vitamins and minerals and birth

weight. Adequaté}évels,dféinc, magnesium, and vitamins E and A have all been linked to healthy birth

weights* and low levels of vitamin B6 have been noted in mothers of low birth-weight infants.*® A trial that

provided pregnant women with a multivitamin and mineral supplement found fewer incidences of low birth

weight in tl’fe;§~up’pl‘émented group.” It also found a twofold reduction in the risk of pre-term deliveries.

\Y N
Thewogje stégus of mothers is another widely recognised factor in foetal brain development. In fact, iodine
\\d/efr\&l 'y is considered to be the most common preventable cause of neurodevelopment problems. Despite the
fact that intervention to prevent iodine deficiency is relatively cheap through supplementation,*® the condition is
sjl\mwidespread in areas where the soil is iodine deficient - most often in mountainous areas of poorer countries.
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Although the most familiar result of iodine deficiency in pregnancy is cretinism, a severe neurological
disorder, there is also some evidence that less acute deficiencies can result in less severe — but more
widespread — problems in cognitive development. Studies comparing populations with dlfferm@odine status
have found significant differences in average 1Qs.*

Toxic substances

Alcohol is a well known toxin to developing foetal brains. Foet Alcé'hbl Syndrome, a result of abusing
alcohol during pregnancy, results in damage to the central nervous system, specifically loss of neurons and
damage to glial cells (the supporting cells to neurons in the nervoas\system) The symptoms last until
adulthood and can include mental retardation, decreased IQ,,and hyperactrvrty o0
o (N

Exposure to some pesticides while pregnant appears to'increase the likelihood of a pre-term birth.®" A link
has also been found between pesticide exposure durrng/ﬁre\grrancy and a smaller infant head. Because head
size has been linked to later cognitive ability, there be a link between pesticide exposure and subsequent
mental development.* /

A

In contrast to the gaps in research on méternal nutrition and foetal health, there is a wealth of research on
nutrition in early chlldhood/and its effects on later mental and cognitive processes. The importance of
providing the correct nourtshmenf for mental development during this time is well accepted and widely
promoted. NN

The brain in th‘e‘;ﬁrstk two to three years of life is particularly vulnerable to malnutrition. The earlier the
malnutrition occurs, the greater the impact on the brain. And, the longer it goes on, the worse the result.®?
Studies on the. \impact of nutrients on the brain, mental development and behaviour during this time often
measu Mhat happens later in life, as a child grows. As such, there is a large overlap between studies looking
at ﬁf nt\ e(ﬁgg and early childhood nutrition.
\ A

The f@llowmg provides only a selection of some of that research and the findings that are relevant to this
review of the evidence for the effects of diet on mental health.
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Between the third trimester and two years of age (infancy), the human brain experiences its most critical
growth spurt.®* During this time, brain cells are moving to where they belong and improvin%eir structure

for communication. As such, when a human is born, 70 per cent of energy intake is d for brain
N\

development.®

Following this is the period of early childhood — when the brain is continuing to, gﬂow and develop. This is
the time of most rapid development in the human lifetime. A time of crltlcaf physical, cognitive and
emotional growth, it is normally during this period that behavioural and cognitive problems first become

apparent.® N %

S\
Breastfeeding and infant formula e ;,\\\;;;; )
Because a young infant is intolerant to normal foods, d> o the lmmaturlty of its digestive system, for the
first few months of its life it must rely on milk for aUrof/@s\nutrltlonal energy needs.

Breast milk from the mother, if she is in good healtm has an adequate diet, will provide a complete food
for the early months, including all of the necessary macro and micronutrients.” At 50 to 60 per cent of the
total, fat provides the principal form of ené{gy found in breast milk. This fat is mostly unsaturated, with about
five percent in the form of the essentral fat}y e{gds some as already pre-formed long-chain polyunsaturated
fatty acids.® NN\

e A\

Specifically, breast milk consistently contains arachidonic acid (AA) and docosahexaenoic acid (DHA),* with
the levels of each reflected in each woman’s milk by the corresponding amount in her diet.” The mother’s
diet also influences otﬁerffprope/rties of breast milk, such as the presence of immunoglobulin, which helps
protect the infant from infections.”

Much research’has been done comparing the advantages and disadvantages of breastfeeding versus feeding
with formula milk, The internationally accepted consensus, due to evidence of the protective physical health
benefits for the infant in both the immediate and long-term, is that “breast is best”. There is well accepted
ev@ cet hangealth problems in the first few years are lower in infants who have been breastfed, as well as
\grow ~evidence of benefits such as decreased chances of developing obesity or diabetes later in life. There
s\ovxbalso evidence that breastfeeding has a cognitive benefit as well.
N\
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Cognitive advantages from breastfeeding

Many studies have tested whether infants who are breastfed demonstrate improved cogn‘iyt/i'v evelopment
over those who are fed with formula milk. A systematic review of these studies conclu ﬂw\@g breastfeeding
does indeed have a beneficial effect on neurodevelopment.’” A separate analysis reachﬁf&@ same conclusion
— those infants who are breastfed have a consistent cognitive advantage over non- breastfed infants.”

The studies found that enhanced brain functioning was detectable early in infa~ncy;/'measured by the child’s
performance in a number of tests — such as verbal comprehension Qan"ab”’y clinical observation.

The authors also found evidence that increasing the duration of the brééstfeedmg led to a gradual increase
in benefit. Moreover, the research showed that the cognitive beneflts of breastfeeding accompanied the
infant through childhood and even into adolescence. Al{llough there are a number of factors that could be
the cause of this advantage, such as higher education le%k@mongst women who breastfeed, there is also a
case for the role of nutrition s /

¢ g
Due to their role in the structure of the brain (s;\bove) many of the studies have suggested that the
advantage of breast milk for the brain comes erm the presence of AA and DHA.7#7>767778 Studies testing the
blood DHA concentrations of infants confirm that DHA levels are higher in those that have been breastfed.”
One (rather morbid) study was able to examl the brains of infants who had died early in life, confirming
that the DHA levels in the brams o(those Wﬁo ad been breastfed were significantly higher than those who
had not.® \ 7
O 7

Trials have been conducted to test this theory. Because ethically it is not possible to randomise infants and
mothers into breastfeeding or formula-fed groups, tests are usually done on children whose mothers have
already chosen to bottle feed. One test found that infants fed on formula milk supplemented with DHA in
the first weeks of their lives performed better in cognitive, language and motor ability tests when they had
reached 18 months than those fed on standard formula milk.?" Another, which followed infants on supple-
mented formula milk until they had reached one year, found cognitive, language and visual benefits at over

threeg\»@i\s\of age.”
\\/w
SINIS

AN
One\c}se uence of this research has been the recommendation that infant formulas include these long chain
QF q g
p lyumaturated fatty acids in order to try to replicate some of the benefits of breast milk.*** Some infant
formulas (although not all) do now include them.*
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Pre-term Infants

Infants born prematurely often miss out on the third trimester’s concentration on brain and nervous system
development. During this time, increasing amounts of DHA are transferred from the theYMhose personal
levels of DHA correspondingly decrease.®* Moreover, pre-term infants are born W’(th \(e Jittle fat reserves,
making them fully dependent on their diet for essential fats.” S\

AN

It has been suggested that being born pre-term may be detrimental to a baby%f\lafér cognitive abilities. One
of the main findings of the review described above was that infang\ with low birth weights derived a larger
benefit from breastfeeding than those of normal weight.® Tests with DHA supplementation in pre-term
formula milk have found benefits for later cognitive developmeljjt.@'9 NN

o~

S
[/

The weaning of infants onto solid foods is reco&n%;éd after four to six months of breast milk, but often
occurs earlier. If the replacement foods do not supply the level of macro and micronutrients provided by milk,
deficiencies can lead to altered behaviour and gogmtlve abilities.

As the infant grows into early chlldhood \Kgutrltlon remains key to both current and future mental

development. Much of the researcﬁ in thIS area has focused on severe nutritional deficiencies.
¢ ~

General malnutrition RN

Stunting in children is often c/aUS‘e\d by /poor nutrition. If a stunted child’s diet improves dramatically, then the
child can often grow to a‘normal height. It is not entirely agreed which nutrients are vital, but protein, zinc
and iron are all thought to be important factors.*

\\ < A\ N
Stunting has been shown to have an immediate effect on cognitive and behavioural development. A study
of children between nine and 24 months old found that the stunted infants were less active, less adventurous,
less enthuyasttc and generally less happy than non-stunted infants.”"

Geh\éﬂ%lo@)and protein deficiencies early in life also have an impact on later cognitive development and
intelligence.”” General malnutrition in the very young has been shown to have detrimental effects on later
s‘%mbbehavrour,93 academic attainment® and motor skills in adolescence.”

N\
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One recent study, which compared nutrient intake in nutritionally at-risk 3-5 year olds found that the group
that had been supplemented with a healthier diet early in life partook in less violent and anti-social
behaviour when teenagers.”® (However, diet was only one of the manipulated factors —/ex'éfcﬁ%and mental
stimulation were also included, so firm conclusions are not possible.) o

/ \\ >
If malnutrition is treated early, it appears that it might be possible to reversgfcg‘)gni;iy)‘//é problems. Several
studies have demonstrated improved mental performance by supplementing m;alnoi,ir’is'hed young children’s

diets with additional calories.®”?¢% 7 N
s / O

Anaemia NN

Iron deficiency is one nutritional problem that has recei@hﬁhéﬁﬂkéséarch attention. It is well accepted that
anaemic young children have impaired levels of cggnit%\QEVelbpment when compared with non-anaemic
children.'™ Young children that have developed a ‘éem}aﬁ"&a/t/éd to low iron intake have also been shown to
cling more closely to their primary caregivers, t&o\%e\@re isolated, less attentive and to show less pleasure
and playfulness.'

Anaemia in infancy has also been ShOWﬂQt‘Q h.
anaemic in infancy often continue to sfuffer/po\is\g mental development throughout childhood.'®'* With one
important exception,’™ trials to correct the anaemia have not found consistent benefits for mental

. & \ N
development even when iron levels-are restored to normal.'®
A A\ /

ave an effect on future development, as children who were

P

Child hood,‘a/ndf‘;adb‘l‘éscence

Reflecting a commonly held belief, a recent long-term study has confirmed that adolescent behaviour and
mental health> may have deteriorated significantly and measurably over the past 25 years.® Many
researchers "(a(l‘ong;“\?vith parents, teachers and campaigners) have suggested that the changes in nutrition
provi \\in\sfcleOI and at home over that period may be a contributory factor.

N
5
NN
\\Mughngﬁthe research exploring the connection between diet and mental health and behaviour in the young
h‘as\\/c@ﬂtred on hyperactivity, specifically Attention Deficit Hyperactivity Disorder (ADHD). There is also
growing concern about the rising levels of depression in the young. These are both explored in depth in
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chapter 2. Although clearly interconnected, there is also a body of research relating diet to other aspects of
mental well-being and behaviour, including anti-social behaviour, which is discussed below.

There is also a wealth of data on the impact of nutrition on other facets of children’s :eht\@ and cognitive
well-being — amongst others, research has found nutritional links to autism, dyslexia, ar&yspraxia. All point
to an influence of diet on brain development and hence, mental well-being anyd;b,éhayi/c/)‘ur in childhood and
beyond. They are also intimately related to the areas discussed both below and(in the next chapter. However,

these conditions are beyond the scope of this report and so will not be addressed here.

Academic attainment RN

One possible outcome of poor diets and brain developm/qnff\thé{}h!as received much attention has been the
subject of academic attainment. Similar to research o %h\éfimpact of diet on an infant’s later cognitive
development, many studies have examined the linl Jaety/ée\néhildren’s nutritional status and achievement in
the classroom. This ranges from the relationship ng-term malnutrition (see above) to the immediate
effects of everyday eating habits. (N ™

Particularly, several studies have shown thé\t}chi[diren who eat breakfast can improve their daily and long-term
academic performance.'?’-19%10%.11 HoWever,/ d% to conflicting results from other studies, researchers have
been hesitant to draw firm conclusions.!"" Nonetheless, it does seem agreed that missing breakfast is more
damaging to children who alrea/ay Sufier/from general malnutrition.'>'"

P

Notwithstanding the dietand b‘ré“iﬁ relationship, it is hardly surprising that children distracted by hunger and
lacking basic energy sufy‘pli‘es find it hard to pay attention and learn. Schools around the world have instituted
breakfast programm/es, with-many reporting benefits to test scores and other academic measures.

A number of studies have also suggested that supplementing malnourished children with vitamins and
minerals can lead to improved intelligence and academic performance.'™'*'*""” However, the evidence points
to ben ?’c\s‘*on,[y for children who have deficient diets. There is no currently available published evidence that
sumwm “;';jngthe diets of healthy and well-fed children will improve their academic prowess.''®

so
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Anti-Social Behaviour

Schools that have breakfast clubs also report improved behaviour in the classroom. A numb f published
studies have shown that hungry children behave worse in school, registering redu iQtﬁ@ fighting and
absence and increased attention when meals are provided.''**' More specn‘lcally two studies have found
that school children who received supplements of essential fatty acids showed less aggresélon compared with
controls, when they were placed under stress.'”*'*

N\ Y,
N.—/

A number of studies have looked at the impact of nutrition on you ng/éf””peoﬁte who engage in anti-social
(including criminal) behaviour. As mentioned above, a recent study has suggested that early diet may be a
factor in teenage violence. Unfortunately, the study’s design makes it difficult to say with authority whether
the evidence is strong enough to prove a causal link. P\

However, a very well-designed study has been publlshe?aw\@ch does implicate diet as a factor in anti-social
behaviour.'* The study in a young offenders prlson asse/%éc\f one set of young offenders, supplementing their
diets with vitamins, minerals and essential fatty a 2ﬂS\\<a>galnst a control group on an unsupplemented prison
diet. The research design ensured that an |mproved was the only variable factor.

QAN
N

When complete, the researchers reported\‘;tgmﬁcant and remarkable reductions in anti-social behaviour in
the supplemented prisoners. Reductions in m%g_(l:lents ranged from minor offences of disobedience to more

severe violent acts. Moreover, separate studle ave found the same results.'”>'?
p ~

/ /

Adults §

Most of the resear‘c‘;h‘/on‘thé“éffects of diet on adult mental well-being and behaviour explores specific mental
health problems, such as depression. These are addressed in detail in chapter 2. However, there is also a fair
amount of re§earch explorlng the more subtle effects of diet on everyday mood and behaviour.

N

Wﬁ&a@ foods

B akfhst has been the subject of a number of studies, most showing that eating in the morning leads to
m%roved mood. Two studies found that individuals who ate something for breakfast every day reported
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better mental well being than those who had erratic morning routines.’””'*® Immediate benefits include
improved memory'* and a sense of calm under challenging conditions.”® Although the type of food that a
person eats for breakfast is important, it appears that simply eating something is importanft‘"ifh‘i%)wn right."'
AN
General fish consumption has also been reported to have an association with better moo ‘\@nd a higher score
for self-reported mental health.”” This study was adjusted for variables such as/i,rrgc/bfnq,,,/aﬁge and other eating
patterns, yet still found a significant improvement in mood in people who ate fish regularly. A recent study
has also found fish consumption to be associated with a reduced risk of cognitive impairment (including poor
memory) in middle age.'* Further, the study found an increasec&iskﬁ()f impairment associated with the
consumption of cholesterol and saturated fat. ) \
ZaN\N\

The elimination of sucrose (sugar) and caffeine from the diet/,ha‘sj\been‘/shown to relieve emotional distress."*
Further investigation by the same researchers has suggested(that it was the elimination of sucrose that was
the most likely contributing factor.'* ) >A\

S
[/

N
>

Macronutrients (|

Many of the pieces of research on the effects of everyday diets on mood have explored the ratios of macronu-
trients consumed at mealtimes — for‘ex/ampl/e, éaérbohydrates and protein. Researchers, noting the craving for
carbohydrates experienced by those with seasonal affective disorder (SAD) and pre-menstrual syndrome
(PMS), hypothesised that the brain was attempting to relieve negative feelings by encouraging an increase in
tryptophan in the diet.”® Tﬁ‘iswoula, in turn, lead to an increase in serotonin and, theoretically, an
improvement in mood (see previous chapter).
A~ \ 2
This theory led.to'a number of studies looking at the mood-regulating effects of carbohydrates (trials have
tested a variety of carbohydrate sources, both simple sugars and complex starches). Research has found
higher intakes of carbohydrates amongst subjects who reported that they were feeling ‘low’.'”'* Further
studies have also-found correlations between high carbohydrate meals and subjects who reported that they
had better moods.'***
AN <’

N
\Howekn,one of the main difficulties with the theory is that even a small amount of protein (as little as 2 to

4-§r0ent) in a meal would prevent an increase in tryptophan in the brain.'"' Even though such a low-protein
diet could be contrived in a clinical setting, it is unlikely to have much relevance in the real world.

*32e Changing Diets, Changing Minds: how food affects mental well being and behaviour



Diet, brain development and mental well being throughout the lifecycle

Other studies have not found a link between carbohydrates and improved mood.'*> Moreover, further studies
have found better correlations between mood and protein intake."*'** Due to the varying results and
abnormal meals necessary to achieve authoritative results, it has yet to be determingdfi&a;bohydrates

possess mood altering effects.'” If they do, they seem likely to be weak.'* \\

/ \\ >
However, there may be better evidence of a more cumulative effect. Studies that have looked at the effects
of diet in the longer term have found correlations between a higher carbohyd;rate""‘jntake over several days
or weeks and a better mood.'"'*® (This does not support the tryptophan th‘eory\,\hD/\'Never, as all the diets had

sufficient protein to prevent the theoretical effect.') N (C\©

NN
Tryptophan and tyrosine P\
\A ‘\‘ AN \/“,‘
Although the carbohydrate/tryptophan theory is not p%Vghg there is still good evidence of a tryptophan
effect on mood. A number of studies have found:ﬂwat;d@p\‘eﬁng subjects of tryptophan — usually through a
specially prepared drink — has immediate moodf—yl,i ing effects. This has been demonstrated in completely
healthy individuals,*'"*' patients who have recovered from depression' and even relatives of depressed
patients (who didn’t have depression themselves).*’
However, it must be noted that studies that h%'v»é attempted to improve mood by supplementing tryptophan
A\ . . . .
have been unsuccessful.’™* It can, however, have a sedative effect and was widely sold as a sedative until a
contaminated batch led to it beiﬁgremOV/ed from sale in 1990. (There is a movement currently for its reintro-
duction.) N\

A S

A study that depleted ‘fh‘e‘}fllevelks/of tyrosine (see chapter 2) also found that depleted subjects became more
irritable and ex‘pe‘r“i‘e‘/nced\ decreased energy levels.'

OOV
Micronutrients
NN\

If aﬁgnréwd@ has a less than adequate intake of a vitamin or mineral, the first symptoms will often be
\\psyg] logical, such as irritability or a depressed mood."® This has been observed for vitamins C,"”” B12,"®
B2'**-and others. This observation has led to research on the mood effects of depleting or supplementing
various micronutrients.
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One double-blind placebo study supplemented subjects with nine separate vitamins, at over ten times the
recommended daily level, for one year. At the end of the year, both men and women in the supplemented
group reported better mental well being than the control group.” The same study also@und better
performance on a range of cognitive tests in the females taking the supplement.'’

Thiamine, or vitamin B1, has been the subject of a number of studies. Several controlled trials have
demonstrated that subjects experience low mood, irritability and fatigue When they have a low thiamine
status — and that their mood improves when their thiamine status is increased. tezied e 65
o

A low selenium status has also been associated with poor mood. I%erestmgly when selenium status is low
in the body, the brain is the organ that keeps the tightest hold of the remaining amount, which has been
taken as a hint of its importance in brain function."* One study- found that the lower the selenium in the diet,
the higher the frequency of anxious and depressed moods.| Supp[ementlng the diet with selenium over five
weeks appeared to lead to improvements.'” Another stu Wh[ch depleted selenium from some of the study
subjects” diets, recorded increased levels of hostlllty apvd? depressed moods when status was low.'®® Other
studies have found similar results. N 5\

Iron deficiency has also been lmpllcated in- poor mood and attention. This has been noted in anaemic
woman, particularly those taking the cont?*aceptlve pill." Folate deficiency has also been implicated in both
depressed moods and in major depression ﬂse%hapter 2).

e v

Finally, a link with cognitive perf(/)rmahce/has also been noted. The intake of vitamins B6 and B12 have been
associated with better memory-in middle age'” and a trial that tested supplementation found benefits to
cognition."”" However, the/trialadi‘d/not find any impact on mood.

Older peop‘loe

Reasons for the d”ecllne in function that occurs as the brain ages are still a matter of scientific uncertainty.
Until éntly problems associated with an ageing brain were thought to be a consequence of the loss (or
‘de@ “,’r’)e{ugons. More recently, however, growing evidence suggests that the cause of cognitive decline is
\proba ~much more complicated, involving changes to neurotransmission, the brain’s ability to alter itself
and geme expression. A recent study has even suggested that this process of change can begin in some people

dﬂr g early middle age."”? Why this is so in some individuals and not in others has not been established.
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The research on diet and mental well-being in later life has mostly centred on the loss of memory and other
cognitive abilities, particularly in relation to dementia and Alzheimer’s disease. These are addressed in the
next chapter. However, a number of studies have also looked at the impact of diet on ,J,es"s"‘s%re cognitive
decline, usually testing word recall and other short-term memory faculties. .

The boundary dividing general cognitive decline and dementia is unclear — there, iS no defmlte line that sits
between general memory loss and the development of dementia. Rather, it is! descrlbed more accurately as
a continuum.'” This makes it difficult, and possibly inappropriate, to ,dlstm\gwsh between those studies
looking specifically at dementia and those investigating causes andstreaftmfént of less severe memory loss.

Nonetheless, the understanding that diet might have a protective”efféc@n the ageing brain is supported by
a growing body of evidence and is becoming more widely recogmsed Due to an increasing number of studies
showing a preventative effect of diet on memory loss arvother cognitive problems, some dementia-related
organisations now promote healthy diets as a preventa wé\measure against age-related cognitive decline.'”
However, it is generally agreed that more trials ar ﬂee;j@d“[d test whether dietary change can halt, slow or
even reverse a decline in brain function in an indi falready affected.

Micronutrients L)

There is a wealth of studies Iooking ‘at the cffgn\i\tive effects of the B vitamins, particularly folate, B6 and B12,
in the elderly.'7>176:177:178:179.180 The studles have shown varying strengths of association, but have suggested that,
as a whole, deficiencies |n these VItamms may increase vulnerability to cognitive decline and dementia as a
person ages.'® However, reviews of the trials testing treatment of cognitive decline with B vitamins have not
had promising results.® €&
A\ N\

Several studies have also found cognitive benefits of supplementation with the antioxidant vitamins E and C,
for elderly subjects who had a history of taking supplements.'®'® However, any benefits noted have only
been associated awith the combination of the two vitamins, and positive effects have not always been
foun(N e )

V .
SN
AN
N
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Fats and vegetables

Several studies have pointed to associations between fat intake and cognitive decline. ‘Pﬁg@ intakes of
saturated fats (found in, for instance, red meat, cheese and other dairy products) veb}gn linked with
higher levels of cognitive impairment.’® ' Correspondingly, one study found that hrghe intakes of polyun-
saturated fats (specifically from fish) by elderly men was linked to better cogmtlve function 11

Another study that compared meat eaters and vegetarians demonstrated éftv\/'/o-fold increased risk of
dementia in the meat eaters.'*> Whether this was due to a lower intake df”r”ét or.a higher intake of vegetables
is unclear. However, a more recent study has found that women who have eaten more vegetables, specifically
leafy green and cruciferous varieties (e.g. broccoli and caullﬂower) ove%elr lifetime perform better on tests
of cognitive function than woman who ate less.'?

Parkinson’s Disease &

< . 5\/
Parkinson’s Disease is a brain disorder that | csm\ when the neurons that produce and regulate the
neurotransmitter dopamine are damaged. The symptoms are body tremors, stiffness and slow movement.
After Alzheimer’s disease, it is the most common neurodegenerative disease.”” Although it is usually
associated with the elderly, it can and,does/af@gt younger individuals.

Parkinson'’s is suspected, although not{ nfirmed, to be caused by a combination of genetics and environment
—i.e. that some individuals aré genetlcally susceptible to the disease and environmental factors trigger its onset.

Nutrients

A number of r@seétrc_hérs have investigated the role that diet may play in the onset of Parkinson’s disease. Due
to the thgc‘)ri/\gtha{/téll oxidation may be a factor, a number of studies have investigated antioxidants (e.g.,
vitamil \C\and E). The results have been mixed, but in general antioxidants appear to be ineffective in
pre\/wv\ tk@onset of Parkinson’s.'>'**'®” However, vitamin E appears more promising as providing a
\p;os§{b -protective effect.’® A recent review of studies highlighted that the most promising form of vitamin
E-%as&rom food, and not from supplements.'®

N\
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Low dietary iron levels have also been linked to the development of Parkinson’s.??**°" Moreover, a number of
studies have fairly consistently found a relationship between animal and saturated fat intake and a higher risk
of Parkinson’s onset.?*2%*2042% Qne study found a correlation with high intakes of dairy products.?

e ~\

Pesticides P N ]

Many studies have examined the impact of another food-related factor on the onset of Parkinson’s — pesticide
exposure. Following a review of over 40 studies that showed an increased tisk of the disease following
exposure to a number of different pesticides, the UK government’ Advisory Committee on Pesticides has
recently called for more research in order to confirm the reIatnorrshrp and to clarify which pesticides create
the highest risk.”’ P\

A previous review of many of these studies had also con%’ éd a Telatlonshlp 2% “Exposure” has ranged from
those who work in agriculture, those who live in the Wrﬁty of sprayed areas,”’® and even those who have

eaten large amounts of sprayed fruit.”"" DN\ 5\

Conclusion NQ)

A wealth of research studies appeaflt‘oxconffrm\that the nutrients in food affect the health and well being of
the brain — supported by grow'rﬁg kn‘oWYedge into how they affect its physical structure and process shown
in the previous chapter. Evet/ythmg from proper neurodevelopment to short-term mood fluctuations can be
affected by the food a person eats beginning before their conception and continuing into their old age.
/

As shown by the range of n‘u’frients implicated in the studies discussed above, it is clear that no single nutrient
can be considered the panacea to good brain development and mental well being. Rather, it seems that a
generally healthy diet, as recommended for the physical health of the body — containing the necessary range
of micro- andma@ronutrlents and minimising the consumption of unhealthy nutrients, such as saturated fat

—is thEf \3%

SN
Having established that food is a factor is everyone’s brain health and mental well being, the next chapter

v‘v%ea@plore when food may be a factor in more severe mental health conditions.
N
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The role of diet in-s
mental health %

The preceding chapter set out the case thafc

,becmc
ditions

is growing evidence of a connection between

the nutritional quality of the food We/;eaq\\ou r brain development and our general well-being.

[t demonstrated that a wide range %&gdnes show that food, and the nutrients it contains,
do

appear to have both short-term and
behaviour in all age groups,g\\\\

. N}
/\\
\

term effects on cognitive development, mood and

There is also growmg v nce that severe mental health problems can be linked to dietary
factors. This chap er pre&ents the peer-reviewed published evidence of the links between diet
and Attentléin D icit Hyperactlwty Disorder (ADHD), depression, schizophrenia and
Alzheimer! S@ISGaSg In order to show the range of the research, we present epidemiological,
physmlogrcha@cf clinical trial evidence in each case.

Q>



The role of diet in specific mental health conditions

We begin our analysis with a caveat: Our examination of evidence relating to each mental health problem in
isolation showed that there is little evidence to date that these conditions can be prevented or cured by diet
alone, nor that any are caused solely by the absence or presence of particular elements/,qf'fihe\\dgiet.
A

Moreover, it must be emphasised that, particularly in the case of physiological eviiehce,\l;ere is an issue of
causation. Mental health problems commonly lead to disordered eating an/d;th‘\is may account for why
differences are found in nutrient levels in the bodies of individuals with méntal health problems. Some
studies have accounted for this, but not each one cited. N

N.—/

,,/’/, —~ . //

However, we can also say with some confidence that evidence is ac&m\ulaﬁhg that some nutrients may help
to: N\ >

® Relieve the symptoms of some mental illness; P\

e Improve the effectiveness of medication in some cases! and)

® Reduce the side-effects of some medications. >A\\\f —
: Q) ﬁ DN
In addition, a diet lacking in particular nutrienfsk%ig(or nutrition in general, may be associated with the
development of several types of mental health"brfob‘ s. Low intakes of the following nutrients have been
most frequently found in those with a range bfﬁhﬁeﬂtgl illnesses:
e Polyunsaturated fatty acids (commonﬂxy\foqnd in fish and plant oils);
e Minerals, such as zinc (commonly fou/nd@ meat, grain, legumes and milk), magnesium (green leafy
vegetables, nuts and grain) and-iron (red meat, green leafy vegetables, eggs and some fruit); and
e Vitamins, such as folate (coﬁwmonly/found in green leafy vegetables and fortified cereals), a range of B
vitamins (milk, dairy, yeast and g/rain products), and anti-oxidant vitamins such as C and E (fruit and
vegetables). & o
AN\ /
Finally, some evidence Sug‘gésts that diets with high intakes of saturated fats and sugar may be associated
with the development of some mental health conditions.
SO

&

)

7

<& ,{/
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AN
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ADHD

“Ignoring or denying (or exaggerat/ng) the effect of diet on behaviour is not f@pful
to children and their families.” x
e%x@yr A Quarter

Michael F Jacobsen and David Schardt, Diet, ADHD and B
Century Review, Washington DC: Center for SCIence m the Pubhc Interest, 1999

Attention-deficit/hyperactivity disorder (ADHD) is a highly controversial disordér\ b’b’th in its diagnosis and its
treatment. Questions still arise as to whether it is a disorder at all, with some contending that it is simply an
extreme version of temperamental behaviour. However, it is def/n%f in the fourth edition of the Diagnostic
& Statistical Manual of Mental Disorders (DSM-1V) as a disorder;in its. own right and will be treated as such
for the purposes of this report. Furthermore, many studies look at children who are generally hyperactive,
and not necessarily diagnosed as ADHD. Some of these@ud/es W//l also be included here.

/\ \_ ’

ADHD is characterised by overactivity, impulsiven s, ap@zhﬂ—finability to sustain attention. Low self-esteem,
under-achievement and difficulties in socialising\ éfé-xl\so often experienced.” It is difficult to diagnose, as
there is no specific test or marker, and its identificati sually relies on a checklist of typical behaviours. Due
to such factors, there is no definitive measure of how widespread the condition is — although it is generally
thought to occur in 3-5% of all children. \Ihe most widely used treatment is medication.’

ADHD is most common in chlldhood or acﬁflescence but it can persist into adulthood, resulting in ongoing
problems of under-achievement and socnél difficulties. There is a high overlap with other learning disabilities,
such as dysleXIa dyspraxna aﬁd autlstlc spectrum disorders. The overlap with dyslexia may be as much as 30-
50% of cases.* A\

A\ ~

Food add/t/ves

<&
Controversy- Qverzthe effect of diet on the symptoms of ADHD has been raging for nearly 30 years. This has
most@@ﬁnotred on the effect that food additives may have on behaviour, especially in young children. The
foc\&&n\ o@ddltlves is largely as a result of the work of allergist Benjamin Feingold in the 1970s.

N/

Fe)ngold diet, which eliminates artificial colourings, flavourings and salicylates (a natural chemical found
\
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in some foods), is still recommended and widely implemented by parents and parental support groups, who
often report excellent benefits from it or similar types of dietary restriction. However, it has been generally

dismissed by most professional medical bodies as ineffective, due to a perceived lack of/,,clxif'n'it%evidence.5
e \

In truth, the controlled studies on the Feingold diet have shown mixed results® and- afe‘b\ et by criticisms of

the study design from both supporters and critics of Feingold. Although there does not yet seem to be an
accepted, definitive answer, a number of studies do appear to confirm that a very ‘small percentage of
children (e.g. between 0.03 and 0.15%) are sensitive to food colourings and preservatives. However, it has
been suggested that the studies that arrived at these small percenta&s have underestimated the true scale of
the incidence. One review of the studies deduced that the overall mCIdence -among British children would be,
at minimum, more than one per cent.’ 7N\ \\

More recent research, funded by MAFF (the now-defunct I\/\lnlstry of Agrlculture Fisheries and Food) and
subsequently overseen by the UK Food Standards Age?:@\agam attempted to determine whether young
children experienced hyperactivity when exposed to geﬁaln ‘additives.® The children were not necessarily
diagnosed with ADHD. The findings were agaln 2&‘?\; although the parents certainly noticed changes in
behaviour, this was not replicated in the clinical @ssessment. When the study was presented to the Committee
on Toxicity of Chemicals in Food, Consumer- Products and the Environment (COT), the committee decided
that it was not possible to reach firm conélusmns from the study. A new study has now been funded by the
Food Standards Agency and the res/dlts are /e/xp{%cted in 2007.

P A\

Dietary epidemio{ogic_al evidence

The epidemiological evidence for the causes of ADHD is limited, due mainly to problems of definition and
to changes in diagnostic criteria. However, it is known that ADHD is much more prevalent in boys," and
children who develop the disorder are less likely to have been breastfed "" There is also evidence of a link
between ADH/D and c*garette smoking by the mother during pregnancy.'
\ // .

Thes&\?%d‘mgs suggest there may be a link between ADHD and polyunsaturated fatty acids (PUFAs). The
superio le;reastfeedmg over formula milk is partly due to the presence of essential fatty acids' in
breastm ilk, and evidence suggests that males may be more vulnerable than females to deficiencies of PUFAs.'
( hdmld also be highlighted that smoking promotes the release of free radicals, which can destroy fatty acids.)
The’idea of a link between hyperactivity and essential fatty acids was first proposed by the founders of the
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Hyperactive Children’s Support Group (HACSG, a parental support group for families with children with
hyperactive behaviour), over 20 years ago.'”® They had surveyed children known to group members and
found similarities between their physical symptoms and the symptoms of essential fatty acid"(%) deficiency.
These included abnormal thirst, eczema, and asthma. Further studies have confirmed t ch\@ren diagnosed
with ADHD commonly share characteristics of EFA deficiency — including dry rouglgxkjn dull hair and
frequent urination.'”'® P\
The HACSG study also noted that dietary intake of EFAs was no different than in non-ADHD children. It
therefore suggested that the problem might lie in the children’s ability/to '&on\fert EFAs within the body (see
chapter 1), rather than in differences in the diets that the children \ ere eétihg.

j *(\\\
Relevant physiology in those with AQHD

coﬂﬁr&{ed trlals have compared the levels of EFAs in
children with ADHD. One of the earlier trials com the blood® of 48 hyperactive children (not necessarily
diagnosed with ADHD) with 49 ordinary children, finding that the levels of some EFAs (DHA, DGLA and AA
— see chapter 1) were significantly lower in the: hyperactlve children." This finding has been replicated several
times in trials of children diagnosed with ¥\IHD2“] 2223 as well as of adults with the same condition.**

Following this suggestion by HACSG, a number

Some of these trials also noted correiatlons/bétween the levels of EFAs in the body and the degree of the
disorder — i.e., the lower the Ievel the worse the symptoms. One found this particularly associated with
deficiencies of total omega- 3 fatty acids.” Some of these studies have also measured the children’s dietary
intake, again finding no measurabFe differences to account for the lower levels of EFA found in children with
ADHD.**?7 N

Deficiencies in zinc have also been noted in those diagnosed with ADHD.?® One study found that a third of
those with ADHD showed a marked zinc deficiency, which again could not be accounted for by dietary
intake.” Another/sxudy found that iron levels were significantly lower in those with ADHD when compared
to coﬁr@; it also found that the lower the iron level, the more severe the symptoms.*® A non-controlled
trial ﬁo\ un@ evidence of magnesium deficiencies in children with ADHD.”!

A~ N\
NN

Q

a Measuring levels in the blood gives a realistic measurement of the level found in the brain.
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Research ftrials

Starting with tests using the Feingold diet, there have subsequently been many clinical trial/ért‘ ing different
foods, supplements and additives for their effects on the symptoms of hyperactivity an ADH@ Most of these
have highlighted a gap between what the parents view as having an effect and What the Lmlmans observe.

Few foods diets .\
There is a generally acknowledged prevalence of food senmtmﬂe&n those with ADHD, although debate
continues over their significance in contributing to the disorder. Acute food allergies are well accepted, but
less severe (and harder to measure) sensitivities have less ofﬂcxal “recognition. Nonetheless, there is still a
great deal of anecdotal evidence that for some children WAth ADHD behaviour improves when certain foods
are eliminated from their diet. /\\
N ﬁ

Some clinical studies have shown a benefit of elm}vi;\? diets under controlled conditions. One study placed
78 children on a diet that restricted foods generally believed to have an effect, and the behaviour of 59 of
the children improved. For 19 of those children, it'was possible to disguise the foods thought to have an
effect and test them under double-blind " condltlons When the children ate those foods, there was a

32 7
significant worsening of behaviour. "\ o \\
Another double-blind study cof/mp;ared‘/the effect of restricted diets with medication, finding that the
behaviour of nearly a quarter of the children improved when they were placed on the restricted diet.
Although more children showed ‘i‘r‘r(provement on the medication, the researchers concluded that the level of
improvement in both g groups was about the same, suggesting that diet was as effective as medication for
some children.? o0

These and other ‘triais have led to the elimination approach being included as an acceptable and
recommended ~option in one overview of ADHD treatment protocol.*

V\
\\

\ Y

Y/ \\
N
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Nutrients

Other trials have tested the efficacy of specific supplements on ADHD patients. These hg\)?é%stly been of
minerals and essential fatty acids, following the observations of deficiencies in ADHD aziéﬁ\g.

Polyunsaturated fatty acids SN
A number of trials have tested different essential fatty acids for their effects (on hyperactivity and ADHD.
Generally, those testing DHA alone®*® and those testing omega-6 fatty acids (gamma-linolenic acid — GLA)?"
have been unsuccessful — in line with tests on other mental disord& (séé"fothéw sections in this chapter).

A trial that tested a mix of omega-3 and omega-6 fatty acids did‘ﬁn”d{aS\@hificant improvement in behaviour
over a placebo, correlating with measurements of red blood cell fatty acid concentrations.” Another study
tested children diagnosed with dyslexia who displayed sg@gptfpn\ﬁs\}(jf ADHD - when supplemented with both
omega-3 and omega-6 fatty acids, the ADHD behaviours improved.” A recent trial, which tested children
diagnosed with developmental dyspraxia, also :ﬁzunﬂ@thaf the often-accompanying ADHD symptoms
decreased significantly when the children were ng ] omega-3 and omega-6 supplement.”

(| N

Micronutrients =\
Following the observation that many ADHD patients are deficient in zinc, several trials have tested the
efficacy of zinc supplementation, With/gene;all%encouraging results. Two double-blind trials found significant
improvements with zinc when com/pared with a placebo; one alongside normal medication* and the other
as a stand-alone treatment.* \ 7
A A\ /

Magnesium supplementation has also been tested in a double-blind controlled trial, resulting in a significant
improvement in symptoms over the six months of the trial.*
An open trial o‘f“iron supplements found that parents noticed a decrease in ADHD symptoms among their
children.” However, this was not observed by the children’s teachers.

/ - \\‘ /\//

NN\

O
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Sugar

Sugar has anecdotally been identified as a possible culprit in ADHD and general hyperagt/if\'/ri‘rkAssessing its
effect is difficult, as there are several different types of sugar naturally present in, and a dga\tg, a wide range
of foods. Moreover, foods high in sugar, particularly refined sugar, tend to also contain artificial colourings

and preservatives, further complicating any study.* P\

Nonetheless, several studies have been done to test the effect of sugar consumption’on children with ADHD.
A review was conducted of the controlled studies, reaching the co lusfph"f that there was no clear evidence
that sugar had an effect on children’s behaviour, but that it still c%d\n(}tfbe ruled out in some children.”
However, this analysis has been criticised as flawed, as the studie‘sfdid{noﬁ'nclude many children with ADHD,
were of brief duration (1-2 days) and involved only small numbers of children.*® Longer and larger trials of
the effects of sugar on children with ADHD would be us&ful‘,f similar to the trial currently being undertaken
on behalf of the Food Standards Agency, to assess the b%h\%\h‘\our/ial effects of certain food additives.

2 N\

< VR /ﬁ
Summary 7 K\

N\ )

There is a long history of association between ADHD and dietary factors. Despite strong anecdotal support,
the published evidence does not clearly poi/nt@ food being a consistent causal factor in ADHD.
e v

However, most of the trials do/appejar‘ to show benefit for some children, sometimes only in just a few
children, but sometimes more. . This mag/ be a reflection of what many advocates of dietary therapy have been
suggesting for years — that some children (and their parents) may find relief from ADHD through altering
diets. ~ QN g
i \\ < ~.

There is clearly room for more clinical trials, longer in duration and with larger numbers of participants. But,
at the same time, there is clearly room for listening to those who have children with ADHD under constant,
if not cIinicéI,;obgeNation —i.e., the parents.

)

% ,
AN
\\\\ AN
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Depression

“Depression seems to be the one disorder that is most responsive to diet.”

Larry Christensen, Diet-Behaviour Relationships - Fo%wszg pression,
Washington: American Psycholqglcal Ass iation, 1996

In the past century, the prevalence of severe depression in the populatlon has lncreased dramatically,
reportedly by as much as twenty-fold since 1945.° Along with a general increase, the age of onset has
lowered, with more cases reported in adolescents and young adults;*" It-is<not plausible to explain the
increases by changes in “reporting...or labeling” ** — rather, there h been a/genuine rise in the numbers of
individuals developing and suffering from depression. N\ '\

Explanations for the rise have included increased life str%and changlng social networks. However, evidence

also points to the changes in nutrition that have occurr(_}eLX”[he same time (see the next chapter).
\ >

Dietary epidemiological ewdencxx\

A number of cross-country and populatlo?\based studles have linked the intake of certain foods or nutrients
with the reported prevalence of dlfferent /yp@g of depression. Although the studies do not clearly prove
causation, they are the basis of a gro i‘ng body of evidence linking dietary intake with depressive disorders.

Several studies have looked at the intake of essential fatty acids, measuring intake by the amount of fish or
seafood consumed. Correlatlons between low intakes of fish by a country and high levels of depression
amongst its citizens — and the reverse — has been shown for major depression,** post-partum depression** and
seasonal affectwe dlsorder (KAD) *> A correlation has also been demonstrated for bipolar affective disorder.*®

Epidemiologifal re‘search has also been undertaken involving specific populations. A study looking at the
changing diets: of«peoples living in the Arctic and Sub-Arctic regions found that levels of depression, including
seas \affectlve disorder, were rising at the same time that traditional diets were being abandoned for more
\/ 57
prOce’\ fc \gs One study in Finland found that people who frequently eat fish have lower levels of
\\de ression than people who consume fish less often.”® However, another study with similar methods found

o\obznectlon between the intake of fish and depression.*
AN
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Separate research has also found a correlation between dietary intake of folate (folic acid) and depression.
The study followed over 2,000 people and found that those with low intakes of folate in their diet were
significantly more likely to be diagnosed with depression than those with higher inta/lge‘éjfé other study
found that folate intake in a Latino population was also correlated with depression (how %\l'b’the association
was only found in women).®" Another study found that higher intakes of Vitamin B}Z R re associated with
significantly better results of treatment in patients with major depression.®> '\

N ,//,'

Recent research has also found an 11-fold increase in depression amongst fema1es who were born premature
or with a low birth weight (see chapter 1).* N OR

Relevant physiology in those with depresslon

Alongside the epidemiological evidence, many studies Rak/e\ hvan that patients diagnosed with depression
exhibit nutrient-related physiological difference: ml}eﬁ “compared to mdnvnduals Wlthout depression.
(However, as noted above, it is not wholly clear
disordered eating as a result of the condition.)((

Neurotransmitter precursors/\ N N

A number of studies have Iooked for. f‘f/erences in the level of the essential amino acid tryptophan (see the
first chapter) between depressed and on-depressed subjects. The results have been conflicting, with some
results finding differences’ and. some not. However, studies of severely depressed individuals have found
consistent differences Between tﬁe ratios of tryptophan to other competing amino acids, when compared to
non-depressed subjects % Thré ratio is important as it will influence the ability of tryptophan to reach the brain.

One study found that subjects with minor depression had significantly higher ratios than subjects with more
severe depressmm65 These findings suggest that tryptophan levels may be a factor in major depression.*

v AN
\\
\\f; —?\\ \
N
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Micronutrients

A number of studies have measured the levels of certain vitamins in the bodies of depresﬁsédp\%ients Much
of this work arose out of observations of the depressive symptoms of vitamin deficiencies. Oﬁgy the first sign
of an inadequate intake of micronutrients are psychological, and depression has bee sociated with low
levels of B1, B2 and vitamin C.* P\ ,/,‘/‘

Most of these studies have measured the levels of folate in depressed,patiéﬁtsﬁs' The studies found that
substantial percentages of hospitalised depressed patients had lo fo’{é’té levels, whilst only a very small
percentage of non-depressed controls were deficient.® ” One study found that subjects diagnosed with
major depression had lower folate concentrations in their blood, than controls who had never suffered from
depression. The study also found that patients with even mmor depressmn had lower levels, but not as low
as those with major depression.” s | C )

Some of the studies of the effects of folate observe/wtha;/l%\b levels of B12 were also apparent in people with
depression.”” One study found that the blood of d, ed patients contained low levels of vitamin B12, even
when there was no apparent dietary deficiency,’? It was also observed that patients with low levels of folate
and B12 showed poorer moods than patlents WhO 'had at least one of the vitamins at a normal level.”
Deficiencies in vitamin B6 have also been\Qbser\/ed in depressed patients.”

o\
As for minerals, several studies have shown that the levels of zinc are lower in the blood of patients diagnosed

with depression.” " N\ Y

A A\ W

Polyunsaturated fatty;acids

A number of stL“ld‘ie‘s‘fhavé concentrated on the levels of polyunsaturated fatty acids (PUFAs) found in patients
with depression. Although earlier studies found no differences in the levels between depressed and non-
depressed pa’uemzs)78 more recent research — having better methodology™ — has consistently found significant
variati §
o ,
LN\

\\StuQies\ xamining the fatty acid composition of the blood of depressed patients have found differences in
both the total level of PUFAs and differences in the ratio of omega-3 to omega-6 fatty acids, when compared

to individuals without depression.® ¢'-#8 The studies found lower levels of omega-3 fatty acids, specifically
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DHA, and higher ratios of omega-6 to omega-3. Other research found a correlation between the severity of
the depression and a higher ratio of arachidonic acid (AA — from omega-6) to EPA (from omega-3).*
Similar results have been found for bipolar affective disorder. Research into bipolar patient f(/j\mw\cgchat their levels
of AA and DHA were significantly lower than in non-patients, although the total amount of PUFAs was the same.®
Many of the studies have proposed that the differences might be the result of an ‘ab’n'(/)rmality in fatty acid
metabolism in depressed patients. However, a study that compared the body PUFA level, whilst also
measuring patients’ dietary intake, found that not only was the sgerfty of depression correlated with the
lower levels of omega-3 found, but it was also correlated with lower dietary intake.* This may mean that the
low level of PUFAs found in depressed patients is not due to any g:lﬁ/fferen@ in the way the body handles these
nutrients, but rather because of the amount eaten (seemingly different to ADHD, see above).
Women with postpartum depression exhibit similar,,abn&@n@iti@%’ in their bodies’ levels of PUFAs. Pregnancy
depletes the mother’s level of PUFAs, due to the f; é/nsfgr%TEFAs to the developing foetus (see the previous
chapter) and after delivery the levels continue &d\ﬁﬁ‘ne.‘” Studies comparing woman with and without
postpartum depression showed that the depres/s/éd‘\~‘ en had lower levels of omega-3 in their bodies, as
well as higher ratios of omega-6 to omegal«‘3£8§;‘f7j—
)
Researchers have also measured the Iévels/of%UFAs in adipose tissue, or “storage fat”. Because this tissue
reflects dietary intake over one to three years, these measurements reveal accumulation and levels of essential
fatty acids over a longer term than the levels in the blood.® The studies found that depressed individuals
show lower levels of omega-3 in their édipose tissues, when compared to non-depressed individuals,® specif-
ically lower levels of DHA'*" However, one similar study on adolescents did not show such a relationship.®
N 4
Oxidation NN
There is evidence that depressed patients have higher levels of oxidant activity in their bodies than non-
depressed people:® Patients diagnosed with both obsessive-compulsive disorder (OCD) and depression have
been shown to have higher levels of oxidative activity than patients diagnosed with OCD alone.**
N\ )
Higi(?kze/[s@f oxidant activity would mean increased oxidation of fats and could be a possible factor in the
levels of PUFAs in the bodies of depressed patients. Separate research has linked greater depressive symptoms
w{h higher levels of fat oxidation.*
N
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Research trials

Unipolar depression has been the subject of many clinical trials testing the efficacy of dyiﬁffér‘ nutrients in
alleviating its symptoms. Effects on bipolar disorder have also been tested, but not t th\e\s\@m extent.

Neurotransmitter precursors

Some of the initial trials done in this area investigated the effects of sup@lymg subjects directly with
neurotransmitter precursors, following the theory that depression iuld be’caused by faults in neurotrans-
mission in the brain. The precursor to the neurotransmitter seroténm(ﬂ% amino acid tryptophan), has been
the subject of much testing. There is good evidence showing - that ‘consuming tryptophan leads to an increase
of brain serotonin, and that removing it from the diet Kggiuces serotomn96 - one trial found that those who
were in remission from depressive symptoms relapsed>ah<n\05t immediately when given a tryptophan-free

drink.*’ s ﬁ

¢ Y
However, the results of trials using tryptophan&x\t depression have been conflicting. Of the studies
comparing tryptophan to a placebo, only a smaﬂ number showed tryptophan to be superior; comparing it
to antidepressants showed tryptophan to be ‘only equivalent or inferior to the medication.”® However,
controlled studies that compared the: combm@ effect of both antidepressants and tryptophan, to antide-
pressants given in isolation, and to a prﬁcebo consistently found that the addition of the precursor
tryptophan gave better results: ]t has/been noted that the subjects with low ratios of tryptophan to
competing amino acids are rﬁore sensmve to increases or decreases in tryptophan. This might suggest that
those with more severe depressmn are more likely to respond to this sort of treatment.'®
o\

Tyrosine, the am‘i_noi acid ‘prettfrsor to the neurotransmitter catecholamine, was tested during the 1980s. However,
the results were not promising enough to continue and it has been largely abandoned as a possible treatment.'”

4/
Vﬂari*nq%

\\Bec&use of the widespread incidence of folate deficiency in depressed patients, much of the vitamin research
has tested the efficacy of folate on relieving depressive symptoms. Mostly it has been tested as an additional
treatment in patients already receiving care.
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A recent review of all of the controlled studies that had tested folate concluded that there was evidence that
adding the micronutrient to existing treatment did help to improve depressive symptoms. Although it was
unclear whether both subjects with normal folate levels and subjects with deficient levelyfs"'\?v()\@ be helped,
the study did confirm that folate may have a useful role as a supplemental treatment.!%

\.

/N

72N NY
A recent controlled study also tested the effect of zinc on patients diagnosed with unipolar depression. It

found that depressive symptoms were significantly relieved when the patients were supplemented with 25
mg of zinc over two months.'* N\

// ~/ . //

For bipolar disorder, an open trial tested the efficacy of high-dose %ult\ivit:amin supplementation on already
medicated patients.'” The patients received the supplement;“tion\\\f&b six months and, for those that
completed the trial, more than a 50% reduction in symptoms was reported. The patients’ need for
medication was also decreased by over 50%, with somevgedpléfcompletely replacing their medication with
supplements. The authors followed this study with a Slratqta\o;c/iomrolled trial, but the results were not yet

7 NN

available at time of writing. N %
< x

Polyunsaturated fatty acids RN

\[\ 7’;\/:

To date, many studies have investigated the i@@act of essential fatty acids, particularly omega-3, in treating
. . A e . . . .

depression. The studies have been‘widely reported in the press, doing much to popularise (at least in the

public’s eye) the use of fish oils as a treatment for depression.
AN 4

A number of case reports-have been published, some showing dramatic effects of omega-3 supplementation
on depression symptoms. One of these supplied EPA as an additional treatment to an individual who had
previously not shown improvement on antidepressants. Nine months after beginning treatment with EPA, the
patient had no depressive symptoms. Although case reports may be unreliable, due to the placebo effect,
further weight was given to this trial because the researchers also measured physiological changes through
brain imaging. They found that the EPA treatment was accompanied by significant structural changes in the
patieﬁv’ibmiri,all of which indicated reduced breakdown and increased synthesis of brain phospholipids.'®

S
5
SN NN
\Qn{th%hﬂeels of promising case reports have come a number of controlled trials. Interestingly, trials testing
the efficacy of DHA (which makes up the majority of omega-3 essential fatty acids in the brain, see the first
chapter) appear to have been largely unsuccessful. One double-blind placebo trial administered two grams
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of pure DHA to patients over a six-week period. The results showed no benefit over the placebo.'”® However,
there is considerable debate about the negative results, partly due to the relatively-short length of the trials.
One of the first controlled trials tested for efficacy in bipolar disorder. Over four months; /at\e\g;ts were treated
with a combination fish oil of EPA and DHA in the ratio of 2:1, in addition to their regug%t\rgatment In every
outcome measure, the patients on the fish oil did better than those on the placeba including experiencing
longer periods of remission.'” A more recent, open study reported that |rr|tab|llty in blpolar patients was also
significantly reduced following supplementation with low-dose fish oil."® N
,//, - &

A four-week trial treated unipolar depression patients with EPAQanngSlde antidepressant therapy. The
controlled trial found highly significant benefits of the EPA over placebo by the third week.'® Another
placebo-controlled study, administering a high-dose of fish oil wmh the patients” usual treatment, also found
significant improvement in the fish oil group.' s | (

Another three-month study tested three different OsespﬁE?A (1 g, 2g, and 4g) against a placebo in patients
with persistent depression, despite receiving ansu, sant drug therapy. Interestingly, the most significant
improvement was shown in the group receiving Just he one gram. The group receiving two grams did not
show an improvement and the group recelvmgfour showed some, but nothing significant.""
\\ ) )

Although not a study specifically on depressmr%a randomised trial comparing EPA and a placebo in women
with borderline personality dlsorder found that EPA was significant in decreasing depressive symptoms, as
well as aggression.'"” \ 7

Summary <
i \\ < ~.
A good deal of evidence appears to point to a role of nutrition in the prevalence and outcome of depressive
disorders. Rates of depression have increased dramatically at the same time as the food system has changed
beyond recognition (see the next chapter). Epidemiological studies have found significant correlations
betw& ‘what. a population eats and the level of depression it suffers. Physiological measurements of patients
suffera\rg\ p@ssmn point again and again to deficiencies in one nutrient or another. And, finally, nutrient-
\b‘,asgd treatment of those who experience depression is showing efficacy.

S
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However, despite reports in the popular press, there is no clinical evidence that popping fish oils or
multivitamin pills will cure depression. The controlled trials so far have used the nutrients being tested

predominantly as add-on treatments to traditional antidepressant drugs. Here the ewde is firmer —
improved levels of nutrients may help the antidepressants work better. Further resea h\i\n}g why this is so
is now necessary. NN

Harder to prove through controlled trials is whether or not adequate nutriyér?]tx i’htéké could prevent the

development of depression in the first place. R
NGD)
Schizophrenia RN
“Schizophrenia is not caused by a nutritional\g(eﬁéiéﬁ&j, .. Nutrition is a way of
putting the biochemistry of the brain in the Be\s(\p‘os‘s"ible shape to allow other

treatments to work. Nutrition is a partne >in/ﬂ’75 therapeutic alliance, not the
only player.” 37'\

( (David.Horrobin, Nutritional Supplementation in Schizophrenia.

Schizophrenia is a severe mental disorder tl}atieésults in hallucinations, delusions, and disordered thinking. It
is the only disease that is distributéd_rnghTy equally throughout every population in the world — in every
country that has been studied, bfetWeen“O.S and 1.5 percent of the population — approximately one in every
hundred people - will develofjfsc‘hf‘izopﬁrenia during their lifetime."” No society, race or culture has ever been
found to be free of this particular mental disorder."

A~ \\ )
Historical data- shows that the incidence of schizophrenia increased dramatically during the Industrial
Revolution. In England, first-time admissions to asylums doubled between 1869 and 1900, mirroring
developments in other industrialising countries. Although it was suggested that this was a result of greater
recognitiol‘}'f(due/j;d increasing numbers of people living together in cities), it has been suggested more
recently that ;lj,iis could not have explained such as sustained growth over many decades. Rather, the increase
appiéa?e to Qg‘lect a genuine rise in incidence.'"®
AN\

N
Although incidence rates are similar around the globe, there are differences in the outcome of the disease.
In-measuring factors such as the duration and severity of the illness, along with the degree of life disruption,
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researchers have found wide variations in the outcome between different countries.'” Generally, people with
schizophrenia in poorer countries fare better than those in richer, industrialised countries —in the WHO 10-
country study at two-year follow-up, for example, the percentage of cases with full remyiséfim%fter a single
episode ranged between 3% in the USA and 54% in India.""® According to the Worl Heé@ rganisation,

“this undoubtedly means that environment plays a crucial role as an outcome g;}e(mmant in schizo-
phrenia”."® Suggested environmental factors have included better family support. and be“tter social tolerance
to the disease.

Dietary epidemiological evidence %

s \\\\
Another possibility was explored in a Danish study over 20 years ago /The study'”® compared the outcome of
schizophrenia with the amount of fat in the average natvnal diet, as measured in the Food and Agriculture
Organisation’s food balance sheets. The comparison fouﬁd\sl\gnrflcant correlations between low intakes of fat
from consuming birds and land animals (i.e. satura&ed/f@@ and better health outcomes. Higher intakes of
these fats correlated with worse health outcomes\ %bl\\?pondmgly where there were higher percentages of
fat from vegetables, fish and seafood, there were aLg > better outcomes.'”’

N\
AN\

More recent ecological analysis has found\xli‘nks“With another dietary factor — sugar. This analysis found that
“a higher national dietary intake of ref/ned su%r and dairy products predicted a worse two-year outcome of
schizophrenia.”'* \

Breastfeeding and pr/ena~ta‘l nutrition
/
General nutrltlonal deftmency has also been correlated with the development of schizophrenia — one study
examined the development of the disease in the children of woman who suffered famine in the Nazi-
blockaded Nétherlands during World War Il. Children who were conceived during the most severe part of
the famine were twice more likely to develop schizophrenia than the rest of the population.'” However, this
situatic %reated a general deficiency, so did not point to any particular missing dietary factor. These results
haVeV ecer tlyl%een confirmed by a study examining the Chinese famine of 1959-1961 — the researchers again
\\fgu(kd a correlated increase between pre-conception famine and schizophrenia.'**

(O
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Because of the need for polyunsaturated fatty acids during the development of the foetal and infant brain,
coupled with the advantages of breastfeeding over formula feeding in delivering those nutrients (see
preceding chapter) — and the suggested link between PUFAs and schizophrenia (see belbfw it has been
suggested that there may be a link between breastfeeding and a reduced risk of dev dpm%sc izophrenia.
However, even though there have been a number of studies, some quite large, these-have not presented firm
evidence for such a link.””” However, one study did find a positive correlation between the duration of breast-
feeding and the age at onset of schizophrenia, suggesting that breastfeedlng mlght at least postpone the

eventual development of the disease.'* 7 -
O

Coeliac disease NN

There is limited evidence to suggest a link between coeliac| dlsease (the inability to digest proteins found in
cereals) and schizophrenia. Evidence of the link was Hxs“t\Suggested during the 1960s," but subsequent
studies failed to replicate those results and there %&kb\eeﬁ little systematic investigation since.'® However, a
recent population-based study found the risk 0 \zgphrema was three times greater in people with a
history of coeliac disease.'” (C D

)

However, this study has attracted some cr%‘cism Its measurements included the parents of the schizophrenic
patients — without including these, the preval%e was the same as the rest of the population. Another issue
was that the study was completed in Denmafk ecent evidence suggests that coeliac disease is more common
in Denmark than previously thought smﬂlar to other Scandinavian countries. Higher than expected cases of

coeliac disease would have confqunded the study’s results.'*
<
¢ \ Y

Relevant physiélbgy in those with schizophrenia

This epldemléfoglcal ‘evidence chimes with a number of observations made of physiological differences
between those with'schizophrenia and those without. Several studies have shown that the bodies of people
with & Eophrema contain lower levels of polyunsaturated fatty acids (PUFAs) than people who do not have
the, ¢ IOI’%@T 132 Other studies showed that there is an increased breakdown or low synthesis of phospho-
\\hplcb “the cell membranes of people with schizophrenia'®*'** — including that their brains contain a higher
n\ormal levels of the enzyme (phopholipase 2) that actually breaks down membrane phospholipids.'*®

F her evidence of a link with essential fatty acids comes from the observation that people with schizo-
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phrenia do not experience a deep flushing of the skin when given niacin, or nicotinic acid, as most people
do. This flushing is a result of a further metabolism of arachidonic acid (prostaglandin D2), implying that this
metabolism is abnormal in those with schizophrenia.'*® {( &

These observations led to the “membrane hypothesis of schizophrenia” — suggest1ng§ha>abnormaht|es in
phospholipid metabolism may underlie the course and severity of the disease.™” More recent research
suggests that variations in cell membranes would not in themselves lead to schlzophrenla but rather might
reflect underlying abnormalities of fatty acid metabolism and interaction with diet'and medication.'*
//— e

Further studies into the physiology of schizophrenia indicate that Eﬁio‘\)(idarit enzymes are also lower in the
brains of those with schizophrenia - suggesting that their cells may be. more vulnerable to oxidation.'® 14 14
Another study showed that people with schizophrenia have Iowerjevels of folate in their bodies.'* Given that
PUFAs are highly susceptible to oxidation, it may be the case that there is a link with lower than normal levels
of membrane PUFAs and phospholipid breakdown. D&trxctloh of the phospholipid membrane would be

likely to affect neuron function — perhaps leadin t%\Morted information processing present in the brains

of those with schizophrenia.'* N

Research trials Q)

O\

The membrane hypothesis and research mtcf oxidation, along with earlier work on treating the disease with
nutrients such as vitamin C, have led to a’'number of research studies and trials testing the efficacy of treating
schizophrenia with a number of ¢ dlfferent nutrients. Essential fatty acids have received the most attention,
along with a range of vitamins.

A\ 2
Polyunsatu r‘a‘ted[fatty/ acids

&

The results for. ess}entlal fatty acids have been mixed, yet promising — in the words of one of the principal
resea& \ss ‘a conservative view s that the present evidence regarding the efficacy of EPA in the treatment
of sct ! re@a is suggestive but not definitive”."**
C«‘\ D
lhd\eed a systematic review of all of the studies took place in 2003, finding a good suggestion of an effect,
but noting that all of the studies were too small to be conclusive, so more trials were needed: “The use of
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omega-3 polyunsaturated fatty acids for schizophrenia remains experimental and large well designed,
conducted and reported studies are indicated and needed.” '*

One earlier study took detailed dietary records of 20 patients with schizophrenia an rﬁb\%red them with
each patient’s symptoms — finding that the higher the intake of omega-3 fatty ac1cls he less severe the
symptoms.'“® This same study, in an open trial with no control group, supplemented patients” antipsychotic
medication with a concentrated fish oil (containing both DHA and EPA) for six weeks. This was followed by
a significant improvement in psychotic symptoms, which correlated Wlth ‘the level of omega-3 levels
measured in the patients’ cell membranes. N ~ <

Another study administered EPA alone to a single patient vyltﬁ ‘schizophrenia, who was on no other
medication, resulting both in changes to the phospholipid structure of the patient’s cell membranes and
improving the patient’s symptoms. The improvement ha@been\s\UStained over three years.'”’

N

randomised control trials had been published. Th of these attempted to distinguish between the effects
of EPA and DHA (both omega-3). Evidence was building of the greater effect of EPA over DHA, which was
surprising considering that the brain’s essential: fatty acids are predominantly in the form of DHA (see the first
chapter). The reason that EPA demonstrated this greater effect is not yet understood, but recent evidence
points to changes that also occur to the @chldonlc acid (AA, omega-6) in the brain when EPA is
consumed.'*®

These earlier observations and case studies have l%ﬁ%\}‘a@ger controlled trials. As of 2002, five double-blind

< )

Forty-five patients were divided into three groups and received DHA, EPA or a placebo for three months, in

addition to their normal medication. All the patients receiving EPA showed improvement in their symptoms

that were statistically sfgnlficant/over any improvement on DHA or the placebo.'*

'e W\ N

The second controlled trial, reported in the same article, used only EPA and a placebo on patients who were

previously unmedicated, but given antipsychotics if deemed clinically necessary. Twelve patients were admin-

istered the placebo, while 14 were given EPA for three months. At the end of the study all 12 who had received

the plé\filio needed antipsychotics, while only eight of the 14 in the EPA group were medicated, and still showed

im d<n nt@ symptoms. The researchers drew the conclusion that EPA might be helpful in addition to normal
\\mec\it on, yet further research was required to test its usefulness as a sole therapeutic agent."

(O
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Another controlled trial tested EPA and placebo alongside three different types of schizophrenia medication
— typical antipsychotics, atypical antipsychotics and clozapine (used as a sedative and for treatment-resistant
schizophrenia). Although little difference was noted in the patients taking the two. aﬁtib%chotics, the
clozapine patients assigned to receive EPA showed significant improvement over the C rre§@ ing placebo
group.™' @\

A South African trial randomly assigned EPA or placebo as well as medication!t/é 'ﬂcﬁroihi/cally ill and severely
schizophrenic patients for three months. The EPA group showed significant improvement in symptoms —
although, unlike the above study, patients on clozapine did not sh(& inﬁ'pfoveﬁfent.‘”

Out of the five published trials, only one did not find a benefit. A tnahn%e Umted States randomly assigned
87 patients to placebo or EPA in addition to their medlcatlon for 16 ‘weeks. The results showed no benefit to
symptoms or mood."”

& /
Antioxidants &\5\
As for controlled studies on antioxidants, one- study compared 18 patients with schizophrenia with 15
controls, measuring the levels of a free ?adlcal known as superoxide. The patients showed a significantly
higher level of superoxide when compared to %e controls — moreover, the higher the level of superoxide, the
higher the level of negative symptoms 4
~
However, trials testing the eff(cacy of treatlng schizophrenia with antioxidants and vitamins has been mixed. A
double-blind, randomised" controlled trial testing vitamin B6 showed no improvement in schizophrenic
symptoms,'”* while aﬁother controlled trial testing supplementation with megavitamins showed no
improvement in- symptoms or behaviour over the five-month trial, in spite of raising vitamin levels in the body."*

However, a 6@ntrolled trial supplementing folate-deficient schizophrenic patients with folate did show
improvement in symptoms over the six-month trial.”” Additionally, a birth cohort study in Finland found an
assoc ion Wlth vitamin D supplementation during early life and a lower incidence of schizophrenia in males

(thﬁx nGngfect on females).'®
Q7

so
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Tardive dykinesia

Most of the trials that showed benefits from the EPA noted particular benefits to patients suffering from
tardive dykinesia (TD — also known as Involuntary Movement Disorder), which is a c dlt\o@caused by the
long-term use of neuroleptic medications, such as those used to treat schlzophrenla, TD is characterised by a
series of involuntary and repetitive movements of the body. The best treatment is to  stop the medication, but
this is not always practicable. Some of the “improved symptoms” shown in the above controlled trials were
actually improvements in the symptoms of TD, not of schizophrenia ltself N
R

Evidence has suggested that TD may be caused by an overproduct%n of. free radicals.” As such, a number
of trials have been conducted to test whether antioxidants may be: helpful in preventing or treating TD.
Vitamin E has been tested several times, with varying success.-One trial found no improvement in the group
receiving this antioxidant, but did find that the symptor\‘QAof the. ‘control group worsened, while the vitamin
E group stayed the same. The suggestion was that v1§aﬁ1@ E-might help to prevent deterioration in TD
patients.”®™ A more recent controlled trial usin vtamuy/EHId show improvement in the TD patients who
received it, while the placebo group showed no , g\@\ement o1

Because high doses of vitamin E can actuaHy lncrease oxidation, another trial tested a combination therapy
of vitamins E and C (which would work - as am antioxidant to the E vitamin's pro-oxidant effect), noting
improvements in all of the patients.'** The trlal jas small and had no control group, but merits further investi-

gation. Another study has shown a beneflaél effect on TD symptoms from vitamin B6.'®
~

A ~
Summary QALY
~N\ )

No research suggests that schizophrenia is the result of nutritional deficiency. However, epidemiological evidence

points to a link between the course and outcome of the disease and dietary intake. Specifically, it points to a

link between “western” industrialised diets high in fat and sugar— which are quickly spreading to non-industri-

alised countries —with a worse outcome for those with schizophrenia. Historical evidence also points to a rise

in th& \venty of the disease at the very time western diets were experiencing drastic change (see the next

ch&g orﬁ\gver growing evidence points to a role for certain nutrients in managing the symptoms of both
\SChIZO wrenia itself and the side-effects of the standard medication. Controlled trials have shown promising

e\ult§>|n improving the symptoms of schizophrenia, but more evidence is still needed.

N
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Patients not taking their medication is a serious problem in schizophrenia treatment — unpleasant side effects,
such as tardive dykinesia, are often the reason why. Further research into how to manage these symptoms
through nutrients with very few side effects would undoubtedly improve both medical ;reéfn\@t for schizo-
phrenia and the health and well-being outcomes for patients. o

Dementia, particularly Alzheimer’s disease

ANQN
\

Dementia is a term used to describe the symptoms resulting from rta’ihfdiseafs«?s that affect the brain, such
as stroke and Alzheimer’s disease. Alzheimer’s is the most commo fbrﬂilf'j(‘)f dementia. It is a progressive,
physical disease of the brain, in which there is a gradual and con’giijl]alfd&»th of brain cells. Symptoms include
loss of memory, confusion, mood swings and withdrawal. ‘

Alzheimer’s disease has become much more common n%h@asf/so years, a trend that is believed to be the
result of a combination of factors, including age, géneti;z%ﬁd?énvironment.”"‘ Supporting the environmental
factor are studies showing that the incidence of d tia in immigrants becomes similar to the incidence in
their adopted country,'¢>% (NN

)

U\ y
N\ "/

Growing epidemiological evidence sugges&thaﬁydiet may be one of those environmental factors. Supporting
this is evidence that there is a conhectign%etween Alzheimer’s disease and cardiovascular disease,'’
including that drugs used to treat cardiovascular disease also result in a lower incidence of Alzheimer’s."® It
is well accepted that cardiovascﬁlarfdiSéése is linked to diet, particularly high intakes of saturated fat. The

< N\ )
same may also be true for Arzheigm‘er S.

AL ~/

Moreover, high homocysteine levels (homocysteine being an amino acid found in blood, and a metabolism
of an essential amino acid), is known to be a risk factor for cardiovascular disease and, increasingly, being
considered a ris‘k‘;fa‘(:tor for Alzheimer’s. Homocysteine concentrations in the body are strongly influenced by
diet, with B v{tami‘n‘s,“ﬁsuch as folate, being particularly effective in reducing levels.

N oY

0 |
DI@@y/,,,Qp/demlo/oglca/ evidence
QU N\

( N\ . . . . ’ . . . . . . .
iuch of the evidence linking Alzheimer’s disease and diet is either epidemiological or the result of long-term
cohort studies. Many of the studies have shown a positive association between saturated fat intake and the
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incidence of dementia, whilst also showing an inverse relationship between its incidence and PUFA intake.'®”
It has also been shown that individuals who eat fewer calories generally have a decreased risk of developing
Alzheimer’s."® Correspondingly, a recent study has linked long-term obesity to a higher,;r‘fsk%developing
dementia.'” o

A study looking at the total fat intake of 11 countries found a correlation /bfeﬁv\‘\/eqnﬁ/higher levels of fat
consumption and higher levels of Alzheimer’s amongst the over 65s.' It has also been observed that elderly
Japanese people, known for their high fish consumption, have very low levels of Alzheimer’s.'” The
“Mediterranean diet”, with its high intakes of monounsaturated fatty acids, has been linked to low rates of
dementia in lItaly,"* while high intake of cereals and fish seems t d\ecr’ea‘se risk in North American and
northern European countries.'” 7NN
The “Rotterdam Study”, a prospective population-based@ud'y, éfﬁo found a close link between the intake of
total fat, specifically saturated fat, and the developmen @KdeMentia, as well as a lower risk of developing
dementia, particularly Alzheimer’s disease, with a high fish intake.'”® Another study measuring people’s food
frequency found that Alzheimer's was more t ‘g\x

7

/ ice as likely in people with the highest intakes of
saturated and hydrogenated (artificially saturatedd) f

R

Elderly people who ate fish or seafood §f~\\leaist once a week were shown to have a lower incidence of
developing dementia, including Alzheimer'/s, @a cohort study of over 1600 people over seven years."”® A
separate study found the same result, correlating eating fish once a week with a 60 per cent lower risk of
developing Alzheimer’s.'”® & f/ -

~

A different perspective was shown in an investigation into the relationship between the consumption of
animal products and {hedevel()pment of dementia. A study compared two groups of meat eaters and
vegetarians, with one group matched for age, sex and residence. In the matched groups, the researchers
found that the meat (including fish) eaters were more than twice as likely to develop dementia as their
vegetarian counterparts. In both cohorts, the vegetarians that developed dementia showed a delay in its
onset when compared to the meat eaters.'® It is unclear whether this outcome was the result of higher fat
consuﬁqa\%\ionby the meat eaters or of higher vegetable consumption by the vegetarians.'®'

\Thqp sible protection offered by vegetable consumption has also been explored in studies of antioxidants.
The Rotterdam Study (described above) found that high intakes of vitamins C and E were linked to a lower
risk-of Alzheimer’s, particularly amongst smokers.'®? A separate study also found that high vitamin E intake
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from food was associated with a decreased risk of developing Alzheimer’s, but did not find any significant
benefit from intake of vitamin C or from vitamin E from supplements.'®

However, a recent study has found that intake of supplements containing both vitamins E ‘a@C did seem to
offer protection against developing Alzheimer’s.” The study followed several thousand elderly people over
five years, measuring their supplement intake and comparing it to the incidence- of Alzheimer’s. In line with
the study above, it did not find any benefit from using vitamin E or C alone| or Wlth the use of multi or B
vitamins supplements. O\
I~ O

Another recent study has suggested that high dietary intakes of foI&% may be associated with a reduced risk
of developing Alzheimer’s. By tracking over 500 patients over 14 %ars researchers correlated above-
recommended intakes of the B vitamin with an eventual lower n\s}g of developing the disease.'

>A \\f )
Relevant physiology in those WitfiyAlghkimer’s

A number of physiological studies have shown i\lént related differences in the bodies of those with
Alzheimer’s disease. Again, it is not clear whether these are causative of Alzheimer’s, or a result of disordered

A

eating as a result of the condition. AN

Autopsies of brains from Alzhelmer s, paﬁe}ts have shown low levels of polyunsaturated fatty acids
throughout, while other aged bralns (cdmpared to younger brains) do not show differences in fatty acid
composition.'*® Also, more tHan‘Qne study has shown that Alzheimer’s patients show lower levels of PUFAs
in their blood when compared to healthy people of the same age.'s"®
A~ \\ )

In respect of antioxidants, one study measured the blood of patients with a range of dementias, including
Alzheimer’s, and found that all of the antioxidants measured were lower in dementia patients than in healthy
people. It alsé/fo‘und"Correspondingly higher levels of oxidation of fats.'®

N\ // -
Anoth Etudy has also reported low levels of folate and vitamin B12 in the blood of patients diagnosed with
AleA ,,@e study also found elevated levels of homocysteine.'

AN
N
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Research trials

There have been only a few clinical trials testing the efficacy of nutrient treatment on pat,i/e’n"t's] nosed with
Alzheimer’s disease. The trials that have been completed have been predominantly u UCEE\%fUI.

Recently, several reviews have been carried out looking at any controlled trials usmg B wtamms as a treatment
for dementia and Alzheimer’s disease. These included folate,'' B6'*? and B1 2 1¢3 The reviewers concluded in

each review that no evidence of a benefit could be found. , N>
,,/ / 7 . /\/

Nirs

Another controlled trial tested vitamin E supplementation along with the drug selegiline on over 300 patients
over a two-year period. The researchers reported that the treatmént appéared to slow the progression of the
disease."* However, the results do not resolutely point to the VItamm FE/for this benefit. More recent research
on the effect of vitamin E in rats has proved promising, but further tests on human have not been published.
Regardless, the American Psychiatric Association does ect@mend supplementation with vitamin E in the

‘)

treatment of patients with dementia.'* O ﬁ

< b\/
Probably the most promising controlled trial &Q the effect of a mixed PUFA supplement on 100
Alzheimer’s patients over a period of four weeks. Of the 60 that received the supplement, improvement in
mood, co-operation and short-term memb(y Was reported by the guardians of 49 of the patients.™®

A~ A\ // \\
Summary QAN
A A\ /
Although controlled trials have ndt‘found much efficacy in treating already developed dementia or Alzheimer’s
disease with nutrients/ﬁheﬁ~Epidémiological evidence does point to a role in the prevention of this disease
through diet. Like other diseases, it seems unlikely that one particular nutrient can be separated out as essential
— rather that a ge‘ne‘r‘ally healthy diet may decrease chances of developing dementia and Alzheimer's.
&
More research is ﬂeeded to establish whether there is a role for nutrients to help those already diagnosed,
wheth }sa stand alone treatment or alongside drug therapy.

\\

\ Y

Y/ \\
N
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Conclusion

The previous chapter presented evidence that a healthy brain, influencing mental well ,be"i{hg@n be linked
to the quality of a person’s diet. This chapter has presented further evidence that this link ﬁ')@ be a factor in
more severe mental health problems, specifically ADHD, depression, schizophrenia and Alzheimer’s disease.
Clearly, a large and growing number of studies are demonstrating a connectlon between what a person eats
and their experience of mental illness.

N\ Y,
"/

As mentioned in the Introduction and in each of the four precedin ectf@'h”% on‘specific conditions, the global
prevalence of mental health problems is increasing. Entirely satis%&of explanations for this increase have
not been found. However, taking into account the evidence linkihéhuﬁ' nts to brain development, mental
well being and mental illness, a possible explanation could be a parallel change in food intake.

This possibility leads us to examine what, if any, change% ve occurred to food intake over the same time of
the rise in mental health problems. This will now %eve\xpfb\ed in the next chapter.

N

N\
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INGREDIENTS: BLEACHED ENRICHED FLOUR,
FERROUS SULFATE, THIAMIN MONONITRATE,
RIBOFLAVIN, FOLIC ACID, WATER. PARTIALLY
HYDROGENATED VEGETABLE OIL (SOYBEAN,

COTTONSEED), CREAM CHEESE (MILK, CREA
CULTURES, SALT, CAROB BEAN GUM), COOKE
(CURED WITH WATER, SALT. SUGAR, SMOKE
SODIUM PHOSPHATE, SODIUM ERYTHORBATI
SODIUM NITRITE), EGGS, EGG YOLKS. CONT/
OR LESSOF THE FOLLOWING: GLYCERIN. SA
YEAST, CORN STARCH. MILK PROTEIN CONCE
SODIUM CASEINATE. DEXTROSE. SODIUM PH
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Changing diets ap\\@
implication for our mental health

Recent decades have seen a substantial@%%b% increase in mental ill health. In the previous
chapters, we presented a review of the growing body of evidence pointing to a connection
between nutrition, behaviour, brain %\vg)pment and mental health. Connecting diet to a rise

in mental illness and disorders raises an important question: has the human diet undergone
some change over the same pe that may be a causal factor?

N
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Changing diets and the implication for our mental health

Human dietary requirements were summarised in the first chapter. Although nutrition is a relatively new
science and we are still making discoveries about all the nutrients we need, how they all work, and their
function and complex interplay within the body, it is already clear that we need dozens Qf‘dif nt nutrients
from a wide variety of different foods. Our need for this variety has evolved over mil 'dn?@years.

Yet the agricultural revolution and increasing world trade, followed by the Industrlal Revolutlon brought
about profound changes in the amount and types of food grown and reared, and how it was processed. Even
more rapid changes in our food supply systems occurred after World War 1I. The result is that humans are
now eating a diet unrecognisable to our prehistoric ancestors, even\\tho@glﬁ our-nutritional requirements are
much the same. N\

ZaNNN

As well as changes in the nutritional balance of our diets, we are also now consuming much larger quantities
of human-made chemicals — both deliberately, as legal amdltlves ‘and accidentally, as agrichemical contami-
nation - than ever before, and in an infinite variety of c inatrons

‘ N
A wide range of physical illnesses is now clearl;? 'Zﬁe\d\\?o the diet of highly processed foods produced from
an industrialised agriculture that focuses on just(a fe nocrops for a large proportion of our dietary intake.

We have moved progressively away from healthywhole foods such as leafy vegetables, wholegrains, fruit and
lean meat, towards a diet rich in fats, salt\and sugar and low in essential micronutrients.

AN N
Epidemiologists have already recorded the éffects of this transition as rising rates of coronary heart disease,
some cancers, and a wide rarrge of. coﬁdltlons linked to obesity, such as diabetes. However, much less

research, so far, has examined .what this same diet might be doing to our minds, as well as our bodies.
! &

A A\ W
) )

An historical bférspective

Diet and evolution
NN
Alth \sciedtiﬁc knowledge of human nutritional requirements is very recent, and indeed continues to
de\?}ef%r \a)ns need for these nutrients has evolved over millions of years, being both an adaptation to
\and\a oduct of the environment. A vital ingredient of that environment is food, but the modern diet has
c‘@g@d beyond recognition from the one eaten by early humans.
N\
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Throughout the many millions of years of human development, humans lived in small, constantly moving
groups following migrant animals and seasonal vegetation. Sustenance was gained by foraging for wild plants
and animals, a process representing over 99% of human dietary history." This diet W,Qn']" ve included
edible roots and leaves, berries and nuts, wild beans, small animals, fish and shellflsh di<b@3510nally, meat
from larger animals such as mammoth and bison.? N

A wide range of foods were eaten, including hundreds of different species of"fmit;’s\‘ana vegetables.? Using
evidence from modern primates and hunter-gatherer groups still living in remote parts of the world, it has
been estimated that diets might have been made up of between 100 and 150 different plant species
annually® and animals would have most likely been eaten in thelr e%trety —i/e. not solely the muscle usually
eaten today.’ N

Compared to modern humans, the hunter-gatherers would | have eaten more protein and more vitamins and
minerals. Most carbohydrates would have been derlved>fr “fruit, there would have been low to zero levels
of saturated fats® and, depending on the season, @aJo/l@ intake would have been quite low.” The ratio of
omega-3 and omega-6 essential fatty acids Woul, %\v\e\been nearly equal.?

This nomadic, foraging lifestyle lasted for the vast” majorlty of human existence so far, and it is only very
recently that major changes have occurred.. The first of these was the switch from wholly wild foods to the

beginning of food cultivation. ‘ > \\

A
P A\

Agricultural revolution

U

2

About 10,000 years ago, the earth — in terms of climate, animals and vegetation — entered the period in
which we live today. One result was a disappearance of some of the animals traditionally hunted for food.®
At the same time, archaeological evidence shows the first evidence of formal agriculture, with humans
beginning to 6ultivakte?plants and domesticate animals for sources of food.
N O

The de \‘opment of agriculture led to significant changes in the nutrition of these early humans. One was a
gro“vvv epQ@dency on cereal grains and a decrease in the breadth of the previously highly varied diet."”
\Cereal ecame the staple food for humans, accounting for 40-90 per cent of calories consumed'" and replaced

fruits-and vegetables as the main source of energy. Consumption of fruits and vegetables dropped to 20 per
ceﬁ%z or less of total food intake, at the same time reducing the consumption of vitamins and minerals.
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As grain consumption increased, meat consumption — particularly wild meat —also decreased. One result was
an alteration of the previously equal ratio of omega-3 and omega-6 fatty acids to a hlgher proportion of
omega-6 fats in the diet."” A(

A~
Unsurprisingly, this shift in food and nutrient consumption patterns had a distinct impa&&udies of skeletal
evidence point to a marked decline in health when humans moved from the hunter gatherer way of life to
more settled agriculture. Diseases such as osteoporosis, dental caries and anaemla mcrea\sed‘3 and there was
also a distinct reduction in stature.™ , N

=

The change from a hunter-gatherer lifestyle to society based around%ett led agrlculture resulted in a relatively
fast shift in the human diet. In the space of a few thousand years, “a diet that had developed over many
millions of years was essentially replaced. Changes continued to gather pace as the years passed — a second
agricultural revolution led to greater productivity and, \Aany years later, seafaring led to an explosion of
world trade, essentially swapping food that had been a ﬁlgb]e only locally for millions of years. However,
this fast rate of change seems positively leisurely! Whe;@o\’npared with more recent changes, even within

living memory. \5\

The Industrial Revolution <

Beginning in the late 18th century, fhexlndl%tri\al Revolution greatly altered the way food was produced and
consumed. In Britain, just as the/popuflatﬁ)n was being pushed off the land due to the enclosures, the rise of
the factories was pulling them.into the cities. The arrival of large numbers of workers into towns and cities
required reliable quantities of cheap food to sustain them.

A\ 2
This necessity led, in par‘t,“to a variety of changes both to the way food was prepared and where it came
from. New preservation methods — such as canning and freezing — coupled with the steam and transport
revolution, allowed grains and other foods to be transported vast distances more quickly and cheaply.'® The
global food trade had begun in earnest, bringing with it novel foods — such as bananas — previously only
known \those travelling abroad.

\A[Oﬂ,g&\/\/ith the new preservation methods, around this time the steel roller mill was introduced. Driven by
am engine, the new system ground out white flour more cheaply and efficiently than ever before. This,
co\ﬂ led with the fall in wheat prices, made white bread and new mass-produced foods, such as biscuits,
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available to the wider population. Although it was unknown at the time, this method of grinding wheat into
fine white flour was changing its micronutrient and fibre composition. Vitamins normally found in wheat
were being discarded in the new process, with white flour containing less than a quarte%of the zinc,
magnesium, vitamin B6 and vitamin E found in wholegrain flour.'

Another new factor in food processing was the development of pressing to extract \vegetable oils for use in
processed foods. As the consumption of these processed foods began to rise, so too did the consumption of
omega-6 fats, further tipping the balance against omega-3 fatty acids.'”” N

1ONES
Concurrently, meat consumption increased dramatically. Whereas%e average person in Europe consumed
only eight ounces of meat per year prior to 1800, this rose to around TOQ>pounds per person per year during
the 19th century.' P\
As the 20th century dawned, only a couple of hundredAye\ars had passed since a wholesale change to the
human diet had been adopted in Britain, foIIowe all }o%%oon by other industrialising countries. Not only
were previously unknown foods introduced, new essing methods were changing traditional foods into
unrecognisable new versions of themselves — often mis ing the very elements which made them nourishing.
These changes to the human diet were themselves changed by further developments, particularly since the
end of World War II. QUL

o \ <& \\
Upheaval in the 20th/ce@tUry

In Britain, the first part of the 20th century was marked by increasing global food trade and, due to concerns
about malnourished soldiers, increasing government involvement in ensuring the nutritional value of the
nation’s food supply. There-was a growing interest in nutritional science, and knowledge of the causes of
malnutrition improved. Of particular note was the discovery of the role of vitamins, followed by the ability
to synthesise them i;n‘ large quantities.
N O
The re\ia(hon that malnutrition was not necessarily the result of hunger, but also of poor food quality, led
&n th\§>Of fortifying foods with vitamins and minerals. The first food fortification started early in the
\20 th tury with the addition of iodine to salt, in efforts to prevent goitre (an abnormally enlarged thyroid
l\kd» As vitamins were discovered and synthesised, fortification became more widespread, particularly of
milk and flour."
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The early 20th century also threw up new challenges to the population’s diet and nutritional health. At the
time of World War 1, Britain was only producing about 25 per cent of its own food, with the rest being
imported more cheaply from its colonies.” But, with the outbreak of the war and resulting Gerl blockades,
this reliance on imports became highly problematic. Rationing was introduced in 19 ahobagam in 1940
during World War Il, to ensure that what food was available was shared fairly amongﬁe\gopulatlon

Rationing resulted in a restricted, yet nutritious, diet for the wider population‘.f' Lim’ited/ as it was, it is often
suggested that the British population has never been healthier than it was during those years. Certainly,
infant mortality decreased and children’s general health improved. The/ rait?ons provided the poor with more
protein and vitamins, and the rest of the population ate less meat, fats and sugar.?’ Wartime necessity also
advanced food technology, leading to new products such as dehydratéd vegetables, dried eggs and new
methods for meat processing (most famously Spam).” P\
The end of World War II, and the experience of ratlonmgAb@ught about a major reassessment of the state of
the British food supply. Policies were developed i ;t(ﬁe“that farmers could meet the food needs of the
population, including direct payments to farmers al ice supports. The founding of the European Economic
Community (now the European Union) had food secu at its core, with the Common Agricultural Policy deve-
loped with the express purpose of keeping farmers in business and increasing and sustaining the food supply.
Q

The food supply did indeed increase<and rat@mg was withdrawn from Britain in 1953. This increase in
supply, accompanied by technologlcal and social developments, meant that that next 50 years saw yet
another dramatic change in the« amount and type of food eaten globally.

O -

A A\ W

What are we eating now?

According to the Food and Agriculture Organisation of the United Nations, production of food within the last
30 years has grown faster than the global population. Counting only the food available to humans (i.e., not
livestock feed): the world now produces the equivalent of 2,700 calories per person per day, whereas only
30 ear. ago the amount available was 2,300 calories.” What this means is that the existing food production
sys@@p VI@ enough food to meet everyone on earth’s calorie requirements every single day.

H wever there is a glaring inequality in the way that food is distributed globally, with the result that hunger
still> persists in many parts of the world, alongside over-consumption in others. In most industrialised
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countries, calorie intake is in excess of daily requirements. While, for example, sub-Saharan Africa has an
average of 2,100 calories per person per day and Bangladesh has an average of 2,200, Western Europe has
an average of 3,500 calories available to every person every day - far above the recommended level.** One
of the more obvious consequences of this change, coupled with other factors suc é\s\@guced physical
activity, has been the increase in obesity throughout the world. 7NN

But simply having more food has not been the only change. The last 50 or so years have also seen remarkable
alterations to the types of food we eat, the way we eat it, the way we prepare it, and the way it is produced.
I~ <O
Since 1942 the British government has collected data on the %ee‘kly:éonsumption of food in British
households, which is then compiled in the annual National Food Survey (now the Expenditure and Food
Survey). This was later complimented by the National Diet and Nutrition Survey, which looks in more depth
at the dietary habits and nutritional status of the Britishvpo‘buléiioh on a regular basis. From these unique
records, and other surveys, it is possible to describe in g?eé‘r\\t:]“eta/ii'l the changes in the types of food eaten by
the British population, and compare this to dietary patterns in other parts of the world. From such surveys,
the following trends can be observed: ) \%\/
e Cereals. Currently, the average canrie/jntaké‘,of/ cereal grains in Europe and the United States is between
10-29 per cent of the total diet.” In the UK, the average calorie intake of cereals per person per day is
849 — or 25% of the total daily diet. T/he@st majority of this comes from wheat, which provides nearly
90 per cent of those calorie/s.z‘», A\ Y
/ N
e Meat. Consumption began to rise once rationing was withdrawn in the early 1950s; a pattern repeated
in the rest of the world. In'1961, the world ate 71 million metric tonnes of meat, but by 2002 this had
risen to over 245 million, more than a three-fold increase.” In Europe each person eats, on average,
nearly 92 kg of meat per year,”® with the total amount of animal products making up 20-40% of the
European diet.  The average is slightly lower in the UK, at nearly 81 kg, or about 13 per cent of the total
daily diet.* In the United States, consumption is higher with an average of 124 kg.*
N\
° Ve%e;tables and fruit. Since the first National Food Survey, there has been a 34 per cent decline in
\&%d “ gye‘%ble consumption.®" Although the current recommendation is to eat at least five portions of fruit
Ty an “vegetables per day (equating to 400g), the most recent National Diet and Nutrition Survey found
" that only 13 per cent of men and 15 per cent of women did so, with most eating barely half of that
% amount.*> Compared to other European countries, the United Kingdom has one of the lowest intakes of
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fruits and vegetables, with an average of just over 200g eaten per person per day.*

e Fish. Britons eat 59 per cent less fish than when the National Food Survey first began.* Nutritional
advice is to eat at least 140g of oily fish per week, but much of the UK population fails to do so. In fact,
most fail quite spectacularly. On average, seafood contributes only about one pre‘%&ept of the nation’s
daily calories.”” However, the UK is not alone. Across Europe, less than 10 per cent of countries meet
what the WHO regards as a “reasonable” consumption of 200g of seafood per person per week.*

e Eggs and milk. Egg consumption in Britain has more than ha’lved ?mce the 1950s, while milk
consumption has been on the decline since the 1970s — down from 2.75 litres per person per week in
1960 to 1.6 litres in 2004.” NN

e Sugar. In 1900, global production of sugar was &vout 8 mllllon tonnes. By 1970 it was 70 million
tonnes, the largest increase in agricultural producti \Q any sector over that period.*® On average, the

UK population eats nearly 44 kg of sugar per ersop@eY year, though this is less than in the early 1960s,
when the average was nearly 53 kg per persﬁ% year.

e Alcohol. World-wide consumption averages “about four litres of pure alcohol per person per year, a rise
of 19 per cent between 1990 and 2000. In the UK, 60 per cent of men and 44 per cent of women
exceed the recommended alcohol mtake‘*xAs well as the normal concerns about high alcohol intake,
alcohol can often reduce the absorptlon of minerals from the diet, such as calcium, magnesium and zinc.”

~

e Infant feeding. It is w’(d‘elynacce/pted that breast milk is by far the best for babies, with advantages for
immunity, brain development and long-term growth. However, globally only 35 per cent of infants are
exclusively breastfed.* In the UK, many babies are not breastfed at all and there is a sharp decrease in
the breastfeeding of babies after birth. Although 69 per cent of babies in the UK are breastfed as soon
as they are born, this drops to only 42 per cent by the age of six weeks and to 13 per cent by nine
months.*> Fortunately, the last ten years have seen increases in breastfeeding in certain countries,
mcludmg the UK.

\g rtx\Surveys of the diets of low-income consumers show significantly smaller intakes of healthier

o f ds (fruits, vegetables, fish and nuts) and higher intakes of sugar, meat products and white bread, than
the diets of their wealthier counterparts.** As a result, those on low incomes have lower intakes of both

% vitamins and minerals, particularly vitamin A and iron.*

QY
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In nutritional (rather than food) terms, the latter half of the 20th century saw increases in the consumption of
saturated fats, sodium (salt) and simple carbohydrates (i.e. refined sugar).“* Conversely, intakes of vitamin A,
iron, riboflavin, iodine, magnesium and potassium were generally lower than recommended

Processed food

A number of factors prompted the rapid rise in the volume and variety of processéd food in the diet. The
steady rise in the numbers of women joining the workforce reduced the number of women able or willing
to stay at home and cook meals from scratch. To address this socr§change, there were new developments
in labour-saving equipment, and the introduction of convenience food, ‘ranging from an entire meal needing
simple heating to snack foods that can be eaten directly from thepackagmg
The introduction of convenience foods was an instant aﬁd\s{aggeﬂng success. Packaged and processed foods
have become the norm in most industrialised cou Jemﬁ increasingly throughout the world. The impact
can be seen in vivid numbers: ) QM\
e Since the 1950s, there has been a 70% decl
availability of ready prepared foods.”®
e There are now approximately 320, 000 dlfferent packaged food and drink products in the marketplace®
with more than 20,000 new ones berngsntroduced in 2002 alone (some of which will fail and be
withdrawn).* QS
e In an average supermarket there are approximately 25,000 different products on the shelves® - with
fresh food making up a very‘small percentage.
e At the end of 2004, total sales of the top products in the main processed food categories (such as

‘bagged’ snacks and canned drinks) accounted for over £62 billion in the UK alone.*?
A\ NN\

n the purchase of flour — directly attributed to the

Many packaged and processed food products are nutritionally inferior to less processed and whole foods.
Processed foods tend to be high in calories, fat, salt and/or sugar. Soft drinks, for example, are high in calories
and sugar, yet in-the UK in 2000, the average person drank 186 litres of soft drinks.” Some 75% of salt in
the d{e&?}imes not from salt added at the table, but from processed foods, including bread and breakfast
cergv\s“ rtWhlte bread often the single largest source of salt in an individual’s diet.”® Processed foods can
,s%be;mrssmg nutritional elements — one study found that canned chicken soup had only a tenth of the
beieﬁteial fats of homemade chicken soup.*®

N
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Processed foods — including those eaten outside the home, as well as in it - have also introduced a new type
of fat into the diet — trans fats, also known as hydrogenated fat. Trans fats have no known nutritional benefit,
but mounting evidence suggests that they are much less healthy than even standard saturated fats — leading
the UK’s Food Standards Agency to advise that consumers should minimise the consumpti ‘\@hydrogenated
fats and trans fats to avoid their damaging health effects. Although they exist in small quantities in some
animal products, their availability has increased due to the growth of processe/dffogdg.//ln brief, the process
of hydrogenation artificially hardens fat to help products keep their shape @t room temperature, and to
reduce the risk of the fat turning rancid. This makes trans fats useful in prolonging the shelf-life of a product,
making them a popular ingredient in manufactured foods such asQQakes biscuits and pastries. It has been
estimated that the average adult in the UK eats between two and three grams of trans fat per day.”

NS
Alongside trans fats, the rise of processed foods
has been accompanied by a rise in the use of D@matic changes to our food
soybean oil. Soybeans are grown throughout the SUp\RIy over recent years
world and have been eaten as food for thousands
of years, particularly in China. But, in the 1940s,. \o In the UK, 33% of all food expenditure is on food
soybeans began to be commercially pressed for | eaten outside of the home® — an increase of 40%
oil and its production now surpasses - the‘ =k between 1980 and 2000.°'
production of any other oil.*® Soya oil s now ® Fast food sales totalled £7.4 billion in 2003 in the
estimated to account for 83% of the calorleﬁfro%r\ UK, equivalent to £123.80 per person during that
fat in the American diet, representing a thousand- year®?, 3% higher than the previous year.
fold increase in its consum/p/‘tion‘ since the Forecasters predict that sales will reach £8 billion
beginning of the 20th century.** This is/signiﬁcant by 2008.
nutritionally because soya oil is higher in omega- ® In the US, 50% of all food expenditure is on food
6 fatty acids than omega-3s. : outside the home — up from 30% in 1965.%
OO\ Y ® Fast food sales in the US rose from $6 billon in
° 1970% to $148.6 billion in 2003, and are still
Food adetlves rising.
O
Therc—:\ long history of adding substances to Processed foods also tend to be lower in micro-nutrients
foo % p ve tastes or prevent spoilage — than their fresh equivalents. For example, tomato juice
\lnclu g smoke, salt, alcohol, spices and vinegar. can lose 65% of the original tomato’s vitamin C, 17% of
it>was not until the development of food its niacin and 40% of its carotene.®
sckl‘e%hce, starting in the Industrial Revolution, that
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chemicals began to be added to the food supply in significant amounts. The 1950s saw an explosion in their
use, mirroring the rise of processed foods and, by the beginning of the 1960s, there were 2,500 different
chemicals being used in food production.®” Approximately the same number are being used *m\%ay, with one
source claiming at least 3,850.% o

Without additives, many modern processed foods simply could not exist. Addiyt/iye,s‘f\can/y\‘/ork to prevent food
poisoning, prevent spoilage, add micro-nutrients and increase the range of foods available. However, 90%
of additives can only be considered “cosmetic”, changing the colour or flavour of the food, not its safety or
nutritional quality.” The largest number of additives are fIaV@rir{g’s, with 4,500 different chemical
compounds used to simulate different tastes.” N\

Food sweeteners, such as aspartame and saccharin, are not included in the flavouring category, but rather

are classified as foods. Sweeteners have no calories and aré used to replace sugar in a processed food, or

sold as products themselves. There are currently thirte@n@“ffer’é’nt types, with aspartame the most widely
727

used”’ and having a global market of $2.5 billion %ni 2

The widespread use of food additives means théit’a‘n e who eats any amount of processed food will ingest
them. It has been estimated that the averagepg‘r‘s\on/ih the UK and other industrialised countries will eat over
four kilos of additives every year.”? )

The use of food additives has always been r/égthated, even during the Middle Ages.” Accordingly, the growth
in additive use since the 1950s has been accompanied by assessment and regulation by international organi-
sations and national governments. Reg/ulation by national governments is usually based on the advice of the
joint FAO/WHO Expert Committee on Food Additives (JECFA).” The JECFA provides “acceptable daily intake
values” which are estimates of how much of a certain chemical can be ingested safely by the average adult
consumer throughout a lifetime.”® These regulations take the form of bans on certain additives and approval
of others, often with labelling requirements and/or limits on the amounts used.
& Y

However, despite this body of regulation, concerns remain about the health effects of food additives. First,
approy @anﬁd{fsafety limits are predominantly based on the results of tests on animals, which are then
assun ?d\“ ’/,,apg)ly to humans.”” Moreover, these animal tests examine whether a certain additive could cause
- cancer rgenetic mutations — other issues (such as effects on behaviour or mood) are not investigated. Most
problematic is the difficulty posed by the so-called “cocktail effect” that occurs when additives are inevitably
combined in unpredictable mixtures in people’s diets.
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Industrialised farming

Even unprocessed food has been changing in recent decades. Since the drive to increaseyfév"rk%ural output
began in earnest after World War 11, there have been a number of changes in crop QU\: ion and animal
farming that influence both the quantity and quality of the food consumed in the 21st century.
The genetic diversity of food crops is declining, with the result that only an yefs'tim"\at’ed/ ten per cent of the
variety of crops eaten over human history are still being farmed today.” Only nine crops are responsible for
over three-quarters of the plants eaten.” Some 97 per cent of the rie’ﬁéé of fruits and vegetables found in
America in 1900 are now extinct,*® along with 83 per cent of the v§eti\es,,,f'0f'/wheat developed in the Middle
East.®” Only four of the over 5,000 varieties of potatoes are g‘r(‘jwriﬁcb?)nmercialIy82 and large numbers of
animals, including cow and sheep varieties, are now extinct. Relying on such a narrow range of plants and
animals has a number of worrying consequences, not leastwthé likely reduction in the range of micro-nutrients
and trace elements we eat. >A\\\f —
(A NS

In addition, several studies® comparing the nl}meosition tables for certain foods have suggested
that continuous replanting and then inadequa/t/ef re-fertilisation of the soil is leading to poor soil quality,
including a loss of minerals. This, in turn,emqyibe”li\éading to a loss of minerals in the food grown in that
soil, and the studies show significant I&ses]of copper, magnesium, calcium, zinc and iron, amongst
others. However, other studies suggest th/erei'\\'és no such loss, arguing that the studies are not comparing
like with like** and are misinterpreting data by not taking into account different soil and climatic
conditions.® AR\ Y

A 4
This is clearly an area requiring clarification, but a recent study, which compared the measurements over 15
years from the actual soil (as opposed to the resulting crops) did indeed find a decline in the levels of zinc
and magnesium in the soil in England and Wales.*

Also potentially affecting the micro-nutrient composition of the food we eat is the distance it travels to get
to our plate. “Food miles” is the term often used to describe how far a food travels from the place it is grown
to the}@iceii/is eaten. It is difficult and complex to estimate, but one study calculated that the food
purch ase m%@ average UK shopping trip will have travelled over 3,000 kilometres.®” The environmental toll
of so much long-distance transport is of great concern in its own right but, in addition, it could also be
reducing the micro-nutrient density of modern diets. More research is required, but it is thought that the
sisrter the time between harvest and consumption of a food, the higher the nutrient content of that food.®
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Vitamins, particularly A, C, E, riboflavin, folate and thiamine, can easily be lost through long storage, and
exposure to light, oxygen and heat.*

Animal fat N
The concern over declining nutritional quality is not confined to plant foods. Tlﬁieﬂre"'\“is’iaiso unease about the
change in animals reared for food. A number of studies indicate that inte,nsivély reared animals have higher
ratios of saturated fat to quality protein than wild species, or thoso@essﬁhiensﬁx@ly reared.®

The poultry industry has grown dramatically: whereas the Wor‘l’dvi/ideQ}fbduction of chicken in 1961 was
below 9 million metric tonnes, in 2002 it was over 73 million.” The result has been considerably intensified
production techniques. Intensively farmed chickens now\rgach their slaughter weight twice as fast as they did
only 30 years ago. One result has been a change in%hé\ﬁmr/itional profile of chicken meat. Whereas a
chicken carcass used to be 2 per cent fat, it is nOW/QZ/@e?éént. The diet fed to chickens is, of course, no
longer insects, seeds and plants, but commercial Nn cereals and soya-based foods. This new diet has
reduced levels of omega-3 fatty acids and incre'/aisfed‘ omega-6 fatty acids in chicken meat.”
Over 30 years ago, the same issue was repﬁf*tedy]i,n cattle —a comparison of domestic, intensively reared cattle
and wild bovids found that the carcass of t/hei@!omestic animal contained 30 per cent fat, whereas the wild
species contained five per cent.”” A'further difference between the meat eaten today and the meat eaten in
the past is the presence of mérbling,‘ér the presence of veins of fat throughout the muscle tissue of
domestically reared anima/ls <wild spécies do not possess such marbling.*
A W\ Y
Because of the less intensive methods of production, there is some evidence that organic farming can lead to
animals with better nutritional profiles. For example, milk from organic cows is reported to contain higher
levels of omega-3 fatty acids and vitamin E than milk from intensively-reared cows.* This is attributed to the
organic cows™diet of clover and grass.
N E
The st \\éf\fjs“h is similar. Due in part to concerns about falling levels of wild fish stocks, modern aquaculture
(fisﬁ@ fn/g{\was developed in the 1960s. It is now the fastest growing form of food production in the
\\yvorLd.\»Now, much of the fish found in supermarkets comes from fish farms.
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The environmental impact of fish farming is alarming, as are the potential nutritional consequences. Farmed
fish are fed fish meal which, alongside fish oil and flesh, may contain soya, wheat, ash and poultry by-
products.”” As with chicken, one result is a change in farmed fish’s nutritional profile. fﬁa‘khﬁ fish, due to
confinement and overfeeding, have fattier flesh. And once again, the ratio of omega-3 igﬁ'\%ga—6 fatty acids
in that fat is altered towards higher levels of omega-6. Wild Atlantic salmon, for e&wp}e, has a ratio of
omega-3 to omega-6 of 3.9 to 1, while in farmed Atlantic salmon the ratio is 1.1 to 1.%

There are also concerns about fish contamination. Nearly all fish — wild or farmed - contain traces of
mercury® and there is a widespread presence of dioxins and polych rinéft’e’"d biphenyls (PCBs) throughout the
entire fish stock. In 2000, it was found that 83 per cent of oily fish Wére':;fo‘fntaminated, with some farmed
salmon containing 16 times more PCBs than wild salmon.' NN

- \ /
N

The result is confusion among consumers and dietary ad&isdfrs over how much fish is safe to eat. regardless
of its nutritional benefits. ) >A\ /

S
[/

N
>

Pesticides (

Although, like contaminants, pesticides are not an intentional part of the diet, the use of pesticides in farming
has contributed to change in the food we eat. gnce the end of World War I, the world has been introduced
to a huge arsenal of synthetic chemicals in the battle against agricultural pests. One result has been the
enormous increase in agricultu/r/al output seen in the past 50 years. Another has been environmental
degradation as the chemicals. built uf) in soil, water and animal flesh. This also means new and toxic
chemicals are in the food supply. =
A\ 2
About 350 different pe‘st‘i‘c‘i‘des are presently used in conventional farming,”" with 31,000 tonnes sprayed
every year in the UK alone."” Throughout the past few decades of modern pesticide usage, concerns have
been raised about toxicity to humans, sometimes resulting in a ban on the use of certain pesticides. However,
these bans operate mostly at a national level, meaning they are still sold and used in other areas of the world.
For ex \b‘le,fi/he organochlorines used widely in the middle of the 20th century were banned in many
cou&t?es\',r}c%ding the UK. However, these chemicals are still used in other countries, including in some that
\\prgrt\ od to Britain. Some of these pesticides still in use are raising concern due to their possible impact

o~n\the>nervous and reproductive systems.'®
N
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Like additives, pesticides used in food production are regulated by governments and international agencies.
In the UK, this takes the form of the Maximum Residue Level (MRL). However, MRLs are not safety limits;
rather they check that the pesticide is being used in the approved way and “assist in{éfhéﬁggnal trade in
produce treated with pesticides”." .

Also like additives, the testing and regulation of pesticides does not take into account the inevitable mixing
that occurs in a diet made up of different foods. This again raises concerns about the “cocktail effect” where
many different chemicals are ingested together. Recent research undertaken" by the UK’s Food Standards
Agency states that any risk would be small, but admits that $$"éviden6e is limited and not easily
predictable.’® Again, as with food additives, pesticides testing assumes an-adult consumer, and there is no
testing for more vulnerable groups such as children and foetuses N \\

Although there are concerns about the health effects of pg;;ucndes we are regularly ingesting them in the food
we eat. Testing for residues by the Pesticide Residues omlttee (PRC) in 2002 found that nearly 43% of
all the fruits and vegetables tested contained re Ldue/sﬁv%th some exceeding the approved limit."”” This
included 78% of the apples and 50% of the Iestﬁ%x\sted '% This is not confined to fruits and vegetables,
as 30% of the cereals and 78% of the bread tested alsoshowed residues.'®” In addition, most of the produce
tested by the PRC between 1998 and 2003 shQWed residues of multiple pesticides, including in 82% of
oranges and 42% of strawberries tested. N )

And the results? <~

O -
Clearly, the diets that humans eat in the 21st century are dramatically different from the diets of our
ancestors, even our ve/ry recent/ones After literally millions of years of evolving and adapting to a highly
varied diet, contalnmg a Wldé range of nutrients, the last 200 years have seen the diversity of the food supply
shrink drastically..
&N
True, we have more food than our ancestors could ever have wished for. Yet much of the modern diet
conta{ \too much fat in general, too much hard, saturated fat in particular, too much sugar and salt and

notxweg h f‘@re. R

\ N
N I\L%rjm/er, much of our food is dosed with synthetic chemicals, few of which have been thoroughly tested

individually, much less as a mixture. Soil depletion and other consequences of modern farming methods may
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mean some foods are losing the very nutrients that used to make them good to eat.

The result of all these changes has been a rise in serious health problems that are in parféf@guted to the
modern diet, including obesity, coronary heart disease, diabetes, cancer, osteoporosi anﬂ\gental caries.'"”
Other problems, such as rising levels of some cancers, may be linked to some chemleaz\\q@ded to our food,
but a causal link is very difficult to establish. SN

Coupling this with the evidence presented in previous chapters raises the vaidﬁs question. Is it possible that
the same changes that are contributing to our rising physical hea& p’ﬁ{)b’:lemﬁare also contributing to our
rising mental health problems? N

¥
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Conclusion and
Recommenda cﬁﬂ*?é“

Over recent decades there has been a ma and worrying rise in mental health and
behavioural problems. Indeed, by ZO%ﬁ%\epféssion is projected to be the second highest cause
of the global burden of disease. The costs are borne by individuals and society - both in personal
anguish and in lost working ye r?& and the healthcare bill for psychiatric services continues to

rise inexorably. Q<\\



Conclusion and Recommendations

At the same time, around the world, diet-related physical conditions are also on the increase, such as heart
disease, diabetes, certain cancers and obesity. Given that our assembling of the scientific research points to
strong links between nutrition and mental health, it seems likely that these two trends —/,,ifnvfb‘%mental and
physical health — are intimately related. /‘\\x

This report, therefore, raises both questions and challenges. If diet-related diseases are on the increase, then
we can conclude that at least some proportion of these diseases is preventable. At the very least, some of their
symptoms could be mitigated by improvements in nutrition. But where should we ook for the root causes of
changes that could have such profound effects on physical and mer@l health across whole populations?

The trends in physical and mental health have taken place side ‘by:side\hvith enormous changes in the food
system and people’s lifestyles over the past century, particularly since the end of World War II. It can be
argued (and indeed it is also widely accepted, includwg"fby\“t;hé World Health Organisation) that our
agricultural policies, food marketing, food education and industrial food production (described together as
the ‘food system’), in conjunction with sedentar I"Festy)é?,\alif’play a role in contributing to growing rates of
coronary heart disease, diabetes and certain caﬁc\ S

In this report, we have presented the scientific gé\‘z\i\del‘qze linking nutrition to brain and mental health. Just like
other bodily organs, the brain is not imﬁfénvidus to poor diet. An unbalanced diet containing too many
unhealthy ingredients, or lacking in ‘es/sentiél @rients is likely to have consequences for brain function and
development. The research reviewed in. this report suggests that such deficiencies and imbalances can then
be reflected in a person’s mental health and behaviour — from minor mood changes through to more severe
psychiatric conditions. We contend therefore that, just like physical health, mental health is also partly
dependent on the food system that feeds it.
N 4

Looking at the evidence, what is perhaps most striking is the wide range of nutrients that appear to be
important for brain'and mental health, with these nutrients working in combination to provide what the
brain needs to develop and function effectively. In the field of physical health, it is well understood that
health promotionrarely boils down to advice to increase consumption of single nutrients in isolation. Health
benefits }iﬁ\sq,from consumption of a varied and balanced diet based largely on complex carbohydrates,
esseiflwal fz t§,‘\k5igh quality protein, and foods rich in micronutrients — in other words, a diet rich in fruits and
\veg\e\tab es, wholegrain cereals, pulses, nuts, seeds and animal products such as lean meat and oily fish. It is
widely-accepted, based on population studies, that such diets help to build and maintain healthy organs and
are protective against certain diseases.
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Our examination of the research indicates that this is also likely to be true for brain health. Mental health
benefits are also associated with a varied and balanced diet that delivers the full range of nutrients needed
for the brain to function properly. Moreover, the same factors that seem to cause damage to the brain are
those linked to problems with the rest of the body, e.g. saturated fat, trans fats (from a 'figiéT@ hydrogenated
fat in processed foods) and sugar. Consequently, the dietary advice needed to build a%\@aintain a healthy
brain is really no different from the advice for a healthy body. )

This healthy eating advice might seem straightforward. However, most people donot achieve even the most
basic of dietary goals, such as consuming five portions of fruit andsvegét’abl\esfeating two portions of fish a
week, or basing most of their meals on complex carbohydrates from wholegrain sources. There are many
factors that affect people’s choices: lack of information and"jedutaﬁpn: highly effective marketing of
unhealthy foods; cost and availability of healthy options; unhealthy ingredients in everyday processed foods;
low-cost and low-quality catering in schools, hospitals aﬁkdﬂpri;so‘ﬁé; and a host of other personal, lifestyle and
economic reasons well-documented by public health or h'{s\at'rdns.
(A N

Moreover, evidence is growing that even if a\ﬁe@diet were to be adopted, the basic ingredients of
foodstuffs may be of lesser nutritional value tha{whfth‘ were in the past, due to changes in plant and animal
varieties, agricultural methods and storage /timeﬁ\.ﬁThi\ése factors may also affect physical and mental health.
Micronutrients and essential fats are just some of the vital food components that appear to have declined in
many important foods due to production m/et@ds — yet these are the very types of nutrients that our review
of the research suggests may be ‘most important for mental health. Meanwhile, potentially damaging
components (such as artificial trans fats, food additives and pesticides) have been introduced into our food

§ /
system over recent decades. < .-

X \ O

We hope that this report will convince policymakers that, unless methods of achieving healthier diets and
improving the quality-and sustainability of the food supply are given higher priority in government policy,
the costs of treating mental, physical and behavioural problems will continue to increase. And as we have
shown, those costs are already enormous.
I\ ¢

We con Nd\efthat our food system holds a key to some of the fundamental causes of the growing physical
an Xw(—:ﬁtal/ﬂlieglth problems witnessed in recent decades. Recognition of these links could lead (at the very
\\lf,eagt) )-a new approach to treatment, better advice to patients, and better food in psychiatric wards, to give

the best possible chances to some of the most vulnerable people in our society. However, the significance of

this’ research does not stop at the doors of mental health services. We could all benefit from a better
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Fish stocks - no more food for thought?

Although the brain appears to work best with a
generally varied and healthy diet, one of the nutrients
implicated in many studies as affecting mental health
is the lack of the essential fatty acid, omega-3. Oily
fish are a rich source of these fatty acids and the UK
government recommends eating two portions of fish
every week (of which one should be oily fish) because
omega-3s are also linked to a reduced risk of heart
disease. However, most of the population fails to act
on this advice.

Many studies on diet and mental health have looked
specifically at fish consumption for indications of the
connection between omega-3 intake and mental health

— for instance finding lower rates of depression amorigstl‘
fish-eating populations and better behaviour amongst’

children receiving fish-oil supplements. The‘resiulzt has
been a good deal of coverage in the popular press
extolling the virtues of fish and fish oils for the brain.

However, as the Royal Commission on Environmental
Pollution has recently highlighted,1 there is serious
concern about the falling level of fish stocks and with
it, the availability of this.vital food. Presently, over 52
per cent of the world’s fisheries are fully exploited,
with 17 per cent being over exploited. Put simply, if
trends continue as they are, there may be no more
fish in-the seas. Furthermore, if the general population
was indeed to act on the advice to eat a portion of oily
fish a week, without commensurate conservation

J policies in place, this would simply accelerate the
extinction process.

Moreover, as mentioned in the previous chapter, fish
can be contaminated with mercury. and dioxins, which
accumulate through the ecosystem, and become
concentrated through the food chain in higher
organisms such as fish! Currently, women who are
pregnant or may become pregnant are advised by the
UK’s Food Standards Agency to limit consumption of
certain fish in order to’avoid contaminants.2 But, as
we saw in the second chapter, pregnancy is one of the
most important periods for brain development.
Without a 'good source of omega-3 fats from fish
during this’early stage, what are the consequences for
future brain development and mental health?

As such, we are facing a dilemma. How can we
recommend increasing fish consumption for brain
health, when doing so may destroy future
generations’ access to this highly beneficial food?
And, how can we can we ensure that babies’ brains
are given the best start in life, when doing so may
cause damage through mercury or dioxin poisoning?

There isn't a simple answer. However, much more
could be done to help sustain fish stocks and stop the
poisoning of the oceans. And policies to do so could
find useful support from both environmental and
health ministries, working together towards a common
and mutually beneficial goal, for the benefit of all.
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understanding of how food affects both physical and mental health. This report should, for instance, lend
new impetus to food manufacturers to create and market healthier products; and to government initiatives
to track these improvements and set standards for food quality — especially for children. |t mlg%also prompt
us to take a far-reaching look at the way we produce and provide food, and the agrl Jtm'%and industrial
processes that plant the seeds of our mental and physical well-being. /7 JQ\\\

The understanding of the links between food and mental health might also léaifd us to conclude that threats
to natural resources — such as the loss of plant and animal diversity in farming‘\a\hdﬁthe imminent collapse of
marine fish stocks — are worthy of urgent government attention (se o>’()”r’irot just for historic or conservation
value, but also to contribute to the mental well-being of ourselves d our descendants.

&
V\X QU )
AN \x
NI\
N
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What policy makers could do now

The Government as a whole, and all relevant departments and agencies, should officially fecognise the links
between diet and mental health and incorporate this recognition into all food and ‘e r?t%health related
policy and practice. For instance, general healthy eating campaigns such as five-a-d days u)d always include
a mental health component. S\
Because the diet that is good for the brain is also the same diet that is good for the body, government should
increase financial and political support for measures to ensure that sustainable®supplies of a wide variety of
nutrient-rich foods are available, affordable and attractive for peopl to olétéin both now and in the future.

Specifically: - N\

1. The UK population and particular grouy 5\
should be provided with information ab
physical well-being.

A?e at lncreased risk of mental health problems
u ods that promote their mental, emotional and

Stakeholders: Department of Heal‘d’\(E)b *Health Scotland (S),Health and Social Care. Department (W),
Department of Health, Social Serwces an%Publlc Safety (NI), Food Standards Agency (UK)

L O

2. United Kingdom Hea(Ith Departments should review and improve the food and nutrition

\\

standards for the mental health and social care sectors, in light of the evidence that a range
of nutrients contribute to mental health and wellbeing.
Stakeholdé_rs“:fDepahment of Health (E), Health Scotland (S), Health and Social Care Department (W),
Departmént of Health, Social Services and Public Safety (NI)

// N

&&

W gree with the Brundtland definition of sustainability as ‘meeting the needs of the present without compromising the ability of future generations to meet
ir own needs’. This incorporates all three pillars of sustainable development: environmental, social and economic.
=England, NI=Northern Ireland, S=Scotland, W=Wales
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3.

\\‘,

Organisations that commission mental health services should include within commissioning
criteria and service specifications food and nutrition standards for any serv1ces that provide
food.

N\
Stakeholders: Primary Care Trusts (E), Local Authorities (E, S, W, NI), Health’ BQ}&@ (S), Local Health
Boards (W), Health and Social Services Boards/Trusts (NI) )

\ N\
\

Annual monitoring of food and nutrition standards across/the health and social care sector
should be incorporated into current performance asses&eh& mechanisms.

NN
Stakeholders: Healthcare Commission (E, W), Commlsalon for Social Care Inspection (E), Care
Commission (S), Quality Insurance Scotland (S). Nu]tal Welfare Commission (S), Health Inspectorate
Wales (W), Care Standards Inspectorate (W), I\Foﬁt{ém ‘Health and Social Services Council (NI),
Department of Health, Social Services and Public Safety(NI)

Primary care should have ready access ‘to information on the link between diet and mental
health as well as a working knovViedge of the information and expertise available to support
people through dietary change. S

Ia v

Stakeholders: Primary Care TrLJSté/(E), Health Boards (S), Local Health Boards (W), Health and Social
Services Boards/Trusts (NI)- .
X \ O

O -
Secondary mental health service staff should have ready access to nutrition specialists for
liaison and consultation.

&

Stakeholders: N\ental Health Trusts (E), Health Boards (S), Local Health Boards (W), Health and Social
Wes Boards/Trusts (NI)

‘% >
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7.

10.

Q
\

All existing NHS and social care facilities that provide meals to service users, including the
independent and not for profit sector, should instigate sustainable food policies and
practices, so that all service users and staff are encouraged to choose diverse . culturally
appropriate meals, snacks and drinks that promote their mental, em o\n\akand physical
well-being. NN

Stakeholders: Strategic Health Authorities (or their successor) (E), Loc"a/{lyiHéélfH/’Boards (W), Health
Boards (S), Health and Social Services Boards/Trusts (NI), Local Authoritie§~(E,"S, W, NI),

& L <O
All prison facilities should instigate sustainable food polmesaﬁnd practlces so that all residents

and staff are encouraged to choose culturally dlverse and appropriate meals, snacks and
drinks that promote their mental, emotional auld physlcal well-being.

/\

Stakeholders: Home Office (E, W), Scottlsh Execme (S) Northern Ireland Office (NI)

Research funding bodies should co- ordlnate their strategies and increase the grants available
to investigate the relatlonshlp be’tween diet and mental health, particularly the effectiveness
of interventions. N \\

Stakeholders: Department/of Health and particularly its Research Funders Group (E), Scottish Executive
Health Department and/Nati‘onal/Programme for Improving Mental Health and Well-being (S) Health
and Social Care Department (W), Department of Health, Social Services and Public Safety (NI), Food
Standards Agency (UK) :

'e

/

Regulations should be introduced to support the promotion of healthy food to children, and
to protect them from all forms of broadcast and non-broadcast marketing of unhealthy food.

S{;\‘, h \Igers Department for Culture Media and Sport (UK), Ofcom (UK), The Department of Health's
ertlsmg Forum (E), Department of Health (E) Health Scotland (S), Scottish Executive (S) Health and

\ SOCIal Care Department (W), Department of Health, Social Services and Public Safety (NI)

°Q4e
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11.

12.

13.

14.

e

Practical food skills, including cooking and growing, should be reintroduced as a compulsory
part of the national curriculum.

Stakeholders: Department for Education and Skills (E, W), Health Promotin Scho ls (S), Scottish
Executive Education Department (S), Department of Education (NI) %\

The progressive approach to ensuring better food in school’meal“ssshbuld be continued and
in addition access to free water dispensers should be a@ilabTe to<all children by 2007.

Stakeholders: The School Food Trust (E, W), Department for Eblﬁcétion and Skills (E, W), Health

Promoting Schools (S). Scottish Executive Education Department (S), Department of Education (NI)
%\A \\ 7,/‘/,}

Targets should be introduced to reduce unhga(bthy levels of fat, sugar and salt in processed

food, and to remove damaging trans ﬁ@&m food ingredients and food products. As an

interim measure, manufacturers should be encouraged to label clearly the nutritional quality

of and ingredients in their products —

Stakeholders: Food Standards Agenc/y (U>K)

Agricultural policy development should be informed by what is known of its nutritional
impact and its subsequent effect upon our mental as well as physical health. Specifically,
support must be increased for organic farming, the production and promotion of fruit and
vegetables and other micronutrient-rich foods and for alternative sources to oily fish of
omega-3 fats. Moreover, government policy on promoting fish consumption needs to change
to pronf@tmg only sustainable sources of oily fish, with low levels of toxicity.
O

St{]zueho]ders Department for the Environment, Food and Rural Affairs (E, W), Department of

ric lt\n; and Rural Development (NI), Food Standards Agency (UK), Department of Environment and

%ral Affairs (S)

so
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Contact Organisations

The following are UK-based organisations that work specifically on the connection between diet and mental
health and behaviour. It is not a definitive list and does not include many organisations!th.

information about the connection along with their other work.

Food and Behaviour Research
Box 6066

Nairn

Scotland

IV12 4YN

www.fabresearch.org

The Food and Mood Project
Box 2737

Lewes, East Sussex

BN7 2GN
www.foodandmood.org

The Hyperactive Children's'
Support Group (HACSG)

71 Whyke Lane,

Chichester, West Sussex

PO19 7PD N
www.hacsg.org.uk ¢

N 4

~

Institute of Brain Chemistry
and Human Nutrition

North Campus’

London Metropolitan University
166- z \Holloway Rd.

< N7.8DB~
W{W.Qorth.londonmet.ac.uk/ibchn

WY

Institute of Optimum Nutrjtlon -
Brain Bio Centre [(

13 Blades Court

Deodar Road //~— ©

Putney

London 7\ \\
SW15 ZNU

\AWW bramblocentre com

2N

/Na\tural Justice

X

University Laboratory of Physiology,
Parks Road

Oxford

OX1 3PT
www.physiol.ox.ac.uk/natural.justice

The Schizophrenia Association of
Great Britain

"Bryn Hyfryd", The Crescent,

Bangor. Gwynedd

LL57 2AG

www.sagb.co.uk

ay provide
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