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Abstract
A recent major theory was that a meal high in carbohydrate increased the rate that
tryptophan enters the brain, leading to an increase in the level of the neurotransmitter
serotonin that modulates mood. Although such a mechanism may be important under
laboratory conditions it is unlikely to be of significance following the eating of any
typical meal. As little as 2–4% of the calories of a meal as protein will prevent an
increased availability of tryptophan. Arguably the food with the greatest impact on
mood is chocolate. Those who crave chocolate tend to do so when they feel
emotionally low. There have been a series of suggestions that chocolate’s mood
elevating properties reflect ‘drug-like’ constituents including anandamines, caffeine,
phenylethylamine and magnesium. However, the levels of these substances are so
low as to preclude such influences. As all palatable foods stimulate endorphin release
in the brain this is the most likely mechanism to account for the elevation of mood. A
deficiency of many vitamins is associated with psychological symptoms. In some
elderly patients folate deficiency is associated with depression. In four double-blind
studies an improvement in thiamine status was associated with improved mood. Iron
deficiency anaemia is common, particularly in women, and is associated with apathy,
depression and rapid fatigue when exercising.

Key messages
X

X

X

The intake of carbohydrate is associated with
improved mood.
Poor mood stimulates the eating of ‘comfort foods’
such as chocolate.
A deficiency of many micro-nutrients is associated
with poorer mood, in particular thiamine and iron.

Introduction
There have been many suggestions that aspects of both
macro- and micro-nutrient intake influence mood. As
space precludes a systematic examination of the entire
area several of the more important are introduced.
Macro-nutrient intake and depression
Wurtman and Wurtman 1 developed the hypothesis that
carbohydrates can relieve depression, a suggestion that
depended on three disorders; carbohydrate craving
obesity, the pre-menstrual syndrome and seasonal
affective disorders. They proposed that an increase
in carbohydrate intake reflected an attempt at selfmedication, that carbohydrate intake enhanced serotonin synthesis.
The Wurtmans’ suggested that in normal individuals
an increase in brain serotonin changes our food preferences, we no longer like carbohydrate to the same
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extent and eat other macro-nutrients. They proposed
that some obese people suffer from a disturbance of
this feedback mechanism such that after eating
carbohydrate the mechanism that should stop further
carbohydrate intake fails to work. When those suffering
with carbohydrate craving obesity were offered snacks
that differed in macro-nutrient composition, towards
the late afternoon, they snacked almost entirely on high
carbohydrate foods, although they did not eat more at
meal times 1. When asked why they snacked the
response was more likely to be that it made them feel
more calm or clearheaded, rather than to satisfy hunger.
Those who were carbohydrate cravers felt less depressed
and more alert. Those who did not crave carbohydrate
felt sleepy and fatigued.
Those suffering with Seasonal Affective Disorder
(SAD) typically eat more in the winter and put on
weight. From the Wurtmans’ perspective this is an
attempt to decrease depressive symptoms by eating
carbohydrate rich foods. The eating of a carbohydraterich/protein-poor meal was associated with improved
mood in those suffering with SAD 2.
The prediction that a high carbohydrate intake
influences only those who are depressed has been
questioned. De Castro 3 asked normal subjects to keep
dietary diaries from which he calculated the proportion
of calories that came in the form of carbohydrates.
Over a nine-day period he found that a higher intake
of carbohydrate was associated with feeling less
1999 Nutrition Society
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depressed and more energetic. A higher intake of
protein was also associated with feeling more depressed.
An interesting aspect of these data is that the associations were not apparent when particular meals were
related to mood around the time of eating. Similarly a
positive relationship was reported between the amount
of carbohydrate consumed, over a seven-day period,
and positive mood in a group of control subjects,
although not in bulimic patients 4.
The correlational nature of these studies makes the
data difficult to interpret. It is unclear whether
carbohydrate leads to a better mood or whether those
who are depressed eat more carbohydrate. However,
when subjects ate diets that contained either low,
medium or high levels of carbohydrate for one week,
the consumption of the low carbohydrate diet was
associated with increased anger, depression and
tension 5. The consumption of a low carbohydrate/
high protein breakfast for three weeks resulted in
reports of increased anger 6. A further study, however,
found no difference when high and low carbohydrate
diets were compared over three days 7.
The relative consistency of the finding that the consumption of a diet high in carbohydrate is associated
with better mood suggests that it is a robust phenomenon. Such findings do, however, conflict with the view
that the phenomenon should only be observed in
depressed individuals and that mood should be altered
in the hours following eating 1.
The Wurtman hypothesis
The most quoted hypothesis 1 concerning diet and
mood is that a high carbohydrate meal increases the
ratio in the plasma of tryptophan to ‘large neutral amino
acids’ (tyrosine, phenylalanine, leucine, isoleucine and
valine). The release of insulin in response to raised
levels of blood glucose facilitates the uptake of most
amino acids, but not tryptophan, into peripheral tissues
such as muscle. In contrast tryptophan is bound to
blood albumin and insulin increases the affinity of
albumin for tryptophan. The result is that the ratio of
tryptophan to the other amino-acids in the blood
increases.
Tryptophan and the other large neutral amino acids
compete with each other for a transporter molecule that
allows entry into the brain. Thus, when a high
carbohydrate meal increases the ratio of tryptophan
to other large amino acids, relatively more tryptophan
is transported into the brain. Tryptophan is the
precursor of the neurotransmitter serotonin into
which it is transformed by the enzyme tryptophan
hydroxylase. Normally tryptophan hydroxylase is not
fully saturated and any increased transportation of
tryptophan into the brain results in an increase in
serotonin synthesis and serotinergic neurotransmission.
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As there is relatively little tryptophan in protein,
compared to other amino acids, the consumption of a
meal high in protein will result in a low ratio of
tryptophan to other amino acids. It therefore follows
that the rate at which tryptophan enters the brain will
be lower 8. The behavioural consequences of increased
serotinergic activity include changes in aggressiveness,
mood and pain sensitivity.
A test of the hypothesis that meals differing in
protein and carbohydrate content will have different
physiological consequences is offered by the
measurement of the ratio of tryptophan to long chain
neutral amino acids in plasma. A series of studies
have found, as predicted, differences in this ratio after
high carbohydrate as opposed to high protein
meals 9–11. Similar effects were observed in the
obese 12 and those suffering with Seasonal Affective
Disorder 2 . Although superficially supportive of the
Wurtman theory, the practical significance of these
findings is unclear.
Table 1 summarizes the results of 30 human studies
that have looked at the influence of meals that differed
in the percentage of calories that came from protein
rather than carbohydrate. There is clear support for
the theory of Wurtman that the ratio of carbohydrate to
protein in a meal influences the ratio between tryptophan and long chain neutral amino acids. However,
these data do not give support for anything other than
the first step of the theory. Clearly when protein offers
less than 2% of the calories then the ratio of amino acids
in plasma markedly favours tryptophan. However, as
little as 5% of the calories in the form of protein is
enough to ensure that this does not happen. It is easier
to decrease the availability of tryptophan to the bloodbrain transport molecule, by consuming a large amount
of protein, than it is to increase it by consuming a large
amount of carbohydrate. No normal meal will contain
so little protein that the uptake of tryptophan will be
increased. Even foods that are said to be high in
carbohydrate contain relatively high levels of protein.
In potatoes 10% of the calories come in the form of
protein and in bread 15%. If anything these food items,
Table 1 The influence of protein in a meal on the ratio of tryptophan
to long-chain neutral amino acids. Data from thirty studies are
summarized. Meals are classified in the first column in terms of the
percentage calories that were in the form of protein. The ratio of
the tryptophan (T) to long-chain neutral amino acids (LNAA) in the
plasma is expressed as a percentage of baseline values
% Calories
as protein
, 2%
4%
5–10%
12–19%
20–49%
> 50%

Number of
subjects

T/LNAA
as % baseline

Significant
studies

140
10
34
18
24
67

123%
109%
101%
94%
75%
67%

10/14
0/1
0/4
0/2
2/3
4/6
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traditionally described as ‘high carbohydrate’, will
decrease the availability of tryptophan for transport
into the brain.
There is little support for the suggestion that
carbohydrate selectively benefits the depressed,
rather it appears to have a general beneficial effect 3.
The mechanism by which an increased carbohydrate
intake improves mood remains obscure.
Chocolate and emotional comfort
When attitudes to chocolate were explored, using
factor analysis, two major factors resulted 13. The first
factor was labelled craving and was associated with a
considerable preoccupation with chocolate and eating
it compulsively. The questions fell into two groups.
Chocolate was ‘‘overpowering,’’ ‘‘preys on my mind,’’
you cannot ‘‘take it or leave it’’ and ‘‘can’t get it out of
my head.’’ The weakness for chocolate occurred when
under emotional stress; ‘‘when I am bored’’, ‘‘to cheer
me up’’, ‘‘when I am upset’’ and ‘‘when I am down.’’
The coupling of these two groups of questions
suggested a link between negative mood and an
intense desire to consume chocolate.
The second factor also included two types of
question. Firstly there are comments associating
chocolate with negative experiences: I feel ‘‘unattractive,’’ ‘‘sick,’’ ‘‘guilty,’’ ‘‘depressed,’’ ‘‘unhealthy’’ after
eating chocolate. It is not surprising that after eating
chocolate ‘‘I often wish I hadn’t.’’ Associated with this
guilt are comments related to weight and body shape:
‘‘I often diet,’’ ‘‘I look at the calorific value of a
chocolate snack,’’ ‘‘If I ate less chocolate I think I would
have a better figure.’’ The second factor was labelled
‘‘guilt.’’ Hetherington and MacDiarmid 14 commented that
self-reported ‘chocolate addicts’ do not represent an
homogeneous group. It may well be that some selfreported ‘chocolate addicts’ feel guilt whilst others do
not.
The factor analytical approach confirmed 13, in a
normal population, the impression created previously
when those with psychological problems have been
considered. Chocolate is consumed in moments of
emotional distress, it is consumed for its comforting
properties. A group who reported ‘‘self-medicating’’
with chocolate were more likely to have personality
traits associated with hysteroid dysphoria, a syndrome
characterized by episodes of depression in response to
feeling rejected 15. The experience of strong food
cravings was associated with being more bored,
anxious and having a dysphoric mood 16. Although a
desire for chocolate was associated with depression it
was not found to be related to suicidal thoughts 17.
A recent study is the only one to systematically vary
mood and look at chocolate intake 18. Music was used to
induce either a happy or sad mood. Chocolate intake,
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but not intake of the chocolate substitute carob,
increased in those who heard the sad music.
Benton 19 discussed the mechanisms that are associated with the ability of chocolate to improve mood.
Some have suggested that the mechanism suggested by
Wurtman (see above) accounts for chocolates mood
elevating properties. In this context chocolate is
described as a high carbohydrate containing food
with the implication that the passage of tryptophan
into the brain is stimulated. However, as chocolate
contains 13% protein it would decrease rather than
increase the uptake of tryptophan (Table 1). A variety
of ‘drug-like’ mechanisms were proposed. Chocolate
contains anandamides that act at the same site in the
brain as cannabis 20. Phenylethylamine, acts in a similar
manner to amphetamine and is also found in chocolate.
A 50 g bar of chocolate will provide in the range of 10 to
30 mg of caffeine, a dose that compares with the 85 mg
/150 ml found in coffee. A bar of chocolate will provide
from 25 to 50 mg of magnesium and the increased
chocolate craving in the pre-menstrual stage has been
proposed to be an attempt to increase the intake of this
mineral. Benton 19 considered these suggestions and
concluded that the levels of these ‘drug-like’ substances
provided by a bar of chocolate were several orders of
magnitude less than those needed to produce a
pharmacological action.
A critical experiment compared the ability of brown
chocolate, white chocolate and cocoa powder to satisfy
chocolate craving 21. When in their everyday life
subjects experienced chocolate craving they opened a
box and found either white or brown chocolate, or
some of their constituents, that they consumed. They
recorded the extent to which their chocolate craving
was satisfied. As the putative ‘drug-like’ constituents of
chocolate are found in cocoa powder, if these drugs
are critical to the satisfaction of chocolate craving,
chocolate craving should be satisfied by cocoa powder.
It was not. The conclusion was that the critical factor
that satisfied chocolate craving was the taste and
mouth-feel.
Benton 19 concluded that the most likely basis of the
attraction of chocolate is that it stimulates the release of
endorphins. The intake of sweet items and other
palatable foods is increased by opiate agonists and
decreased by antagonists 22,23. There is considerable
evidence that in rats endogenous opiates regulate food
intake by modulating the extent to which pleasure
is induced by palatable foods. In humans opioid
antagonists decrease thinking about food 24,25 and food
intake 26,27. It was proposed that with a monotonous diet
the endogenous opiate system does not control eating.
However, under stress, or when consuming highly
palatable foods, it plays a role 28.
Thus in both normal subjects, and those chosen
because of their psychiatric complaints, there is an
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association between chocolate craving and its consumption when emotionally stressed.
Micro-nutrient status and mood
With vitamin deficiency psychological symptoms such
as depression, hysteria and hypochondria may appear
earlier than the symptoms of an out-right deficiency
disease; this was observed when low levels of thiamine 29,
riboflavin 30, vitamin C, but not vitamin A 31, have been
experimentally induced. Numerous investigators have
reported associations between deficiencies of folate or
vitamin B 12 and psychiatric syndromes including
depression and dementia 32–38. Some workers have
hypothesized that in the elderly cognitive impairment
and organic psychosis are often associated with B 12
deficiency 36 , whereas depression is associated with
folate deficiency 34,38. However, it should be remembered that in a sample of geriatric patients only 3.7%
were B 12 and 1.3% folate deficient 39. Nevertheless,
those with below median levels of both vitamins had
poorer scores on tests of cognitive functioning. The
severity of depression was negatively correlated with
folate levels, whereas those with an organic psychosis,
and a family history of the disorder, had lower B 12
levels. Botez et al. 40 selected a group of 49 depressed
patients with low folate levels. After seven to eleven
months of folate supplementation the patients were
less easily fatigued and distracted, and the scores on all
the sub-tests of the Wechsler Intelligence Scale
increased, particularly those measuring non-verbal
rather than verbal skills.
The elderly as a group have a higher risk of micronutrient deficiency than young adults 41. Goodwin et al. 42
correlated biochemical indices of vitamin status and
cognitive functioning in the elderly. They reported
significant correlations between folate, riboflavin,
vitamins C and B 12 statuses and memory capacity.
The levels of riboflavin and folate were also positively
related to the ability to think abstractly. Chome et al. 43
followed up these findings and compared elderly who
had a deficiency of at least one vitamin, with those who
did not. The deficient group produced poorer scores
on tests of mood. However, supplementation failed to
alter psychological functioning, although the authors
suggested that this may have reflected a small sample
size.
Perhaps the most systematic data concerning an
association between vitamin status and mood relates to
thiamine. When Brozek 29 supplied a diet, that lacked
thiamine, the first signs of deprivation were the development of anorexia, muscular weakness, increased
irritability and depression. Responses to the Minnesota
Multiphasic Personality Inventory demonstrated a
marked deterioration of the psychoneurotic triad of
hypochondriasis, depression and hysteria. When
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thiamine was again administered personality changed
rapidly for the better. Subsequently, the association
between thiamine status and mood, in those whose
normal diet provides a marginal thiamine intake, has
been reported in four double-blind placebo controlled
studies.
Benton et al. 44 found a correlation between baseline
thiamine status and mood in young healthy females.
After four months of taking a multi-vitamin supplement
that included thiamine, mood improved when thiamine
status improved, and mood was poorer when thiamine
status declined. A similar relationship was not found
with eight other vitamins. The thiamine status of 18% of
this sample was marginal (transketolase activation 15–
25%) and 2% were deficient (activation greater than
25%).
Similarly Smidt et al. 45 found that the taking of 10 mg
of thiamine, for six weeks, was associated with greater
feelings of well being, and less fatigue, in a group of
elderly Irish females living in the community. The
thiamine status in this Irish study was poor; in the case
of 48% of the sample it was deficient and with another
17% it was marginal. The poor status reflects, in part,
the lack of a policy in Ireland of enriching food with
thiamine.
In Germany young adult males were screened and a
group with a transketolase activation of over 23% was
distinguished who had an adequate level of the other
vitamins (5% of the population) 46. Poor thiamine status
was associated with introversion, inactivity, fatigue,
decreased self-confidence and generally poorer mood.
Supplementation with thiamine for two months, under
a double-blind procedure, resulted in increased sociability and sensitivity. In a British study 47 120 young
adult females took either a placebo or 50 mg of
thiamine, each day for two months. An improvement in
thiamine status was associated with reports of being
more clearheaded, composed and energetic. The
taking of thiamine had no influence on memory but
reaction times were faster following supplementation.
These influences took place in subjects whose thiamine
status, according to the traditional criterion, was
adequate.
Thus there are four double-blind placebo controlled
studies in which thiamine supplementation improved
mood in subjects who are not thiamine deficient, as
usually defined. The question arises as to whether the
response to thiamine was a physiological or pharmacological reaction. Certainly some studies used doses
well in excess of the recommended level. There are
several reasons to suggest that the improvement in
mood reflected a physiological response. Firstly, the
improvement in mood in these studies typically
correlated with an improvement in thiamine status,
that is it was those with an initially poor thiamine status
whose mood improved 44,47. There is consistent evidence
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that a significant minority of industrialized populations
consume diets that offer marginal amounts of thiamine 48.
Secondly an improvement in mood has been reported
following the taking of a relatively small dose of
thiamine (2 mg) 46.
Iron status
Iron deficiency is one of the most common nutritional
problems in the world, something true in both the
developed and developing worlds. In a sample of
Spanish women 98.3% had iron intakes below the
recommended dietary levels, 3.9% had low levels of
both haemoglobin and ferritin (iron storage protein) 50.
In Denmark 9.7% of women had low ferritin levels and
2.2% iron-deficiency anaemia 51. In the United Kingdom
51.6% of females and 11.5% of males had serum ferritin
levels below the accepted cutoff of 20 ng/l. 52. A low
iron status was more common in females, vegetarians
and those who were dieting.
The response of many athletes is to take iron
supplements, though these should only be consumed
when the iron status is low, as excessive supplementation can lead to a low copper and zinc status 53.
However, there seems to be a consensus that low iron
status without anaemia is not associated with poorer
performance in athletes 53, although iron deficiency
anaemia results in a decreased ability to exercise. Iron
deficiency anaemia is associated with reports of poor
mood, lethargy and problems of sustaining attention.
For example an Australian study reported that anaemic
women scored more highly on a questionnaire
measuring psychiatric symptoms such as anxiety and
depression 54. A low iron status, without anaemia, has
been associated with feelings of depression in those
taking the oral contraceptive 52,54. The answer to a related
question is less certain; does exercise compromise iron
status. A recent review did, however, conclude that
endurance athletes are at risk of becoming iron
deficient 55. In endurance events, particularly in females,
iron status may be compromised because of gastrointestinal bleeding, sweating and damage to red blood
cells.
Given the frequency with which low iron status
occurs in the general population it is an important
nutritional factor that may limit the motivation and
capacity to exercise. There can be little doubt that in a
minority of the population the lack of energy that
results from iron deficiency anaemia will be a serious
disincentive to exercise 53–55.
Discussion
We should expect that what we eat, and the extent to
which we exercise, will interact and thus impact on
health. However, there has been little attempt to
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simultaneously consider both factors. It is clear from
the example of chocolate 13 that palatable food can be
a source of comfort when we are under stress or
experience a poor mood. As there is widespread
evidence that the taking of exercise is associated with
better mood 56 it could be predicted that exercise would
have an impact on the intake of ‘comfort foods’ with
consequent implications for the overall diet.
In recommending a healthy diet one factor that
should be taken into account is how diet makes us feel.
Although what we eat is influenced by many factors we
are attracted to items that either taste pleasant or
improve our mood. We should not overstate the
influence and impact of diet on mood, however,
there is growing evidence that what we eat has an
influence on how we feel.
The findings that diets containing high levels of
carbohydrate were associated with better mood 3–5 are
welcome given the health recommendations that we
should eat more carbohydrate and less fat.
Benton 49 marshalled the evidence that very often the
first symptoms associated with a sub-clinical intake of a
micro-nutrient are usually psychological. There is a
series of double-blind placebo controlled studies that
report, in at least some of the population, that micronutrient supplementation is associated with better
mood 44–47 but also memory, attention and scores on
intelligence tests.
Some nutritionists argue that if the diet contains
sufficient calories and protein then it is probable that
the intake of micro-nutrients will be adequate, as they
come associated with the rest of the diet. In part such a
view may reflect the biological methods that have been
used to judge vitamin status. Although nutritionists
have not traditionally used psychological measures to
monitor nutritional status, it may be argued that they
are a particularly appropriate way of examining the
possibility that a sub-clinical deficiency exists. Mood
and cognitive processing reflect the summated activity
of billions of neurones and countless biochemical
pathways and their associated enzymes. Thus it may be
that relatively small dietary deficiencies, that are
dismissed as causing only minor changes to the activity of a single enzyme, will along with a large number
of similar minor effects, have a measurable and potentially important cumulative influence on cerebral functioning. It can be argued that if sub-clinical deficiencies
exist then psychological functioning, including changes
in mood, may be one of the first indications.
There is little evidence that micro-nutrient supplementation improves the performance of athletes. This is
not surprising as it is to be expected that the increase in
calories associated with intense energy expenditure
will result in an increased intake of micro-nutrients.
Particular problems may, however, exist in those using
exercise as a means of controlling body weight while
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dieting. In the case of both thiamine and iron intake the
frequency that a marginal intake occurs gives grounds
for concern.
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