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Case
A mother consults a pediatrician about problems she is having with her 6-
year-old son. He is always fidgeting, squirming in his seat and moving con-
stantly. He has difficulty waiting his turn when playing with other children
and constantly interrupts his parents and teacher. She feels that these behav-
iours are caused by his high consumption of sugar: he loves candies and sug-
ary soft drinks.

There are many popular beliefs about the effects of diet on mood and behav-
iour. No one doubts that food ingestion can influence mood and behav-
iour, but the mechanisms by which this happens are not fully understood.

For example, who has not heard the statement “I’m feeling hypoglycemic”? What
this statement probably means is that the person saying it feels somewhat tired and
irritable and knows that she or he will feel better after eating. In fact, these “hypo-
glycemic” states are not usually accompanied by hypoglycemia1 and the cause of the
initial state is unknown, as is the way in which food ingestion alleviates it. The
acute behavioural effects of food can be striking. Perhaps the most dramatic effect
is in the neonate. The transformation of an infant from crying and irritability (a
state also not accompanied by hypoglycemia) to postprandial contentment and re-
sponsiveness that delights its parents can be dramatic.2 If a drug had a similar effect,
it would be considered powerful. As with “hypoglycemia,” this behavioural effect is
mediated by a change in brain function whose mechanism is not understood. In-
deed, several different mechanisms probably operate, because the simple act of in-
gestion (for example, of water), the ingestion of nutrients and the ingestion of dif-
ferent macronutrients all have somewhat different effects on the state of neonates.2

Although the mechanisms that operate to influence various aspects of brain func-
tion after meal ingestion are mysterious, there is increasing understanding of how
specific nutrients can influence both the brain and behaviour.

What is a food and what is a drug?

The behavioural effects of nutrients create problems for the legal regulation of
foods and drugs. There is no ambiguity about the status of a snack eaten to relieve
feelings of irritability or a cup of coffee taken to relieve tiredness, but problems
start once nutrients are used in their purified form. The Canadian Food and
Drugs Act3 defines food as “any article manufactured, sold or represented for use
as food or drink for human beings” including chewing gum and “any ingredient
that may be mixed with food for any purpose whatever.” The definition of a drug
includes the statement that a drug is “any substance or mixture of substances man-
ufactured, sold or represented for use in (a) the diagnosis, treatment, mitigation or
prevention of a disease, disorder or abnormal physical state, or its symptoms, in
human beings or animals, (b) restoring, correcting or modifying organic functions
in human beings or animals.” These definitions rely more on what foods or drugs
are sold for than what they are used for. This explains why a cup of coffee taken to
increase arousal is a food, whereas a tablet of caffeine, containing the same amount
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of caffeine and taken for the same purpose, is a drug. In
the United States, many natural compounds are treated as
dietary supplements as long as the manufacturer makes no
claims for their effects. Sales of these compounds depend
on the fact that information about the effects of dietary
supplements (whether true, unsubstantiated or false) is
widely available in print and on the Web.

Tryptophan, serotonin, mood and aggression

The amino acid L-tryptophan is a dietary component
that has been used in its purified form for many decades.
Although at one time it was sold in Canada as a dietary sup-
plement, it has been regulated as a drug since 1986. In the
United States, it is a food supplement. Tryptophan is the
precursor of the neurotransmitter serotonin. Its administra-
tion increases brain levels of tryptophan and may increase
brain serotonin levels. Tryptophan seems to have an anti-
depressant effect in mild-to-moderate clinical depression,
although it is probably not as effective as standard antide-
pressants in treating severe depression.4 Tryptophan de-
creases sleep latency in people with mild insomnia and has
been used successfully to treat some types of pain. Both of
these effects could result from increased brain serotonin.
Although it is not as effective a hypnotic as the benzodi-
azepines, tryptophan preserves normal sleep architecture
when administered in low doses (e.g., 1 g) and it does not
cause dependence. Low brain serotonin may be associated
with aggressive behaviour, and 2 studies suggest that tryp-
tophan has some therapeutic effect in pathologically ag-
gressive patients.5,6 Tryptophan may also be better than
placebo in the treatment of premenstrual dysphoric disor-
der (premenstrual syndrome),7 which can be associated with
moodiness and irritability.

The therapeutic action of tryptophan raises the question
of the possible action of foods containing tryptophan. Will
a bedtime glass of milk have a hypnotic effect because of its
tryptophan content? The answer is no. Tryptophan is
taken up into the brain by a transport system that it shares
with all the other large neutral amino acids, and there is
competition among them for entry into the brain. Because
tryptophan is the least abundant amino acid in proteins,
competition from the other large neutral amino acids will
prevent any rise in brain tryptophan after ingestion of a
meal containing protein.8

The dependence of brain serotonin on precursor avail-
ability has been demonstrated using the acute tryptophan
depletion technique. Subjects ingest a mixture of amino
acids lacking tryptophan. This induces protein synthesis,
and circulating tryptophan levels fall as trytophan is incor-
porated into protein. Five hours after ingestion of the
amino acid mixture, plasma tryptophan levels are only
10%–20% of control levels. This is accompanied by a
marked decline in the synthesis of serotonin in the brain.9

Acute tryptophan depletion can produce a temporary low-
ering of mood in susceptible individuals, sometimes causing

a full depressive symptom pattern in formerly depressed
patients. The symptoms reverse as soon as tryptophan lev-
els are restored. The tryptophan depletion technique can
also elicit increased aggression in laboratory tests of aggres-
sion.10 These results suggest an involvement of low brain
serotonin in the causes of depression and aggression. Al-
though this use of dietary components in biological psychi-
atry research is artificial, and could not be duplicated by
physiological changes in the diet, it illustrates clearly the
potential of dietary components to cause dramatic changes
in mood and behaviour.

S-adenosylmethionine, folic acid and mood

S-adenosylmethionine (SAMe) is another compound
that is regulated as a dietary supplement in the United
States but as a drug in Canada. It is one of the major
methyl donors in animal metabolism and is a dietary
constituent, although at very low levels. A number of
placebo-controlled trials indicate that, when administered
in pharmacological doses (up to 1 g/day), SAMe is an antide-
pressant and its use is relatively free of side effects.11 The
metabolic precursor of SAMe is the essential amino acid L-
methionine, and administration of methionine to rats raises
levels of SAMe in the brain.12 This raises the possibility,
still to be tested, that methionine could itself be an antide-
pressant. When given in very large doses (in the range of
10 g/day), methionine is known to exacerbate the symp-
toms of schizophrenia,13 and this may have prevented its
consideration for use in more moderate doses to treat other
conditions.

When SAMe donates its methyl group, the molecule is
regenerated in a cycle that includes homocysteine and me-
thionine. The methyl groups involved in this regeneration
cycle come from serine via a separate demethylation–
remethylation cycle that involves the B vitamin folic acid
(Fig. 1). Folate deficiency can induce a decline in levels of
SAMe in the brain and, moreover, this is associated with
clinical depression in some patients.14 Depressed patients
who are folate deficient recover faster when they receive
folate supplements.15 Depression is commonly accompa-
nied by anorexia, which can lead to folate deficiency, inten-
sifying the depression and delaying recovery because of
lowered levels of SAMe in the brain. Indeed, as many as
30% of psychiatric patients may be folate deficient.14 How-
ever, there is no reason to think that folate would enhance
recovery in patients who are not folate deficient, because
there is no evidence that pharmacological doses of folate
will raise SAMe levels in the absence of folate deficiency.

There is a connection between SAMe and serotonin, be-
cause folate deficiency can decrease serotonin synthesis in
rats and humans, whereas SAMe can increase serotonin
synthesis in both rats and humans.14 The mechanism of the
link between SAMe and serotonin is unknown. SAMe is in-
volved in over 35 methylation reactions,16 so the possibili-
ties are many.
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Carbohydrate, serotonin, acetylcholine,
behaviour and memory

Although tryptophan and SAMe are among the most
popular psychopharmacological drugs that are also dietary
components, the dietary constituent that is most often asso-
ciated with changes in mood and behaviour is undoubtedly
carbohydrate. Carbohydrate may exert its mood-altering
effects through a variety of mechanisms. One of these oc-
curs before absorption and is seen only with the sugars. In
human neonates, as in rats, a few drops of sweet solution
placed on the anterior tongue have an analgesic effect that
persists for several minutes beyond the perception of
sweetness; this effect may be mediated via opioid
receptors.17 Application of a sucrose solution to the tongue
is used increasingly for the relief of procedural pain in hu-
man neonates.18

Most of the effects of carbohydrate on the brain are
caused by mechanisms that operate after the carbohydrate
has been absorbed in the gastrointestinal tract. Unlike the
brief preabsorptive effects of sweet taste, these postabsorp-
tive effects can last as long as the metabolic effects of car-
bohydrate persist. Popular beliefs about the effects of car-
bohydrate are very different from the information gleaned

from controlled studies. Any discussion of the behavioural
effects of food has to deal with the persistent myth that
sugar causes hyperactivity in children. More than 20 short-
term, placebo-controlled studies in a variety of settings
failed to find any adverse effects of sugar ingestion, even in
children identified by their parents as reacting adversely to
sugar.19 Although these studies could be criticized as being
too short in duration, a well-designed and extensive study
lasting several weeks also found no adverse behavioural ef-
fects of sugar.20 This does not mean that an individual child
will not respond with improved behaviour when sugar is
removed from his or her diet. If the expectation of the par-
ents and the child is that the child’s behaviour will improve,
and if the parents increase their involvement in the life of
the child to the extent that they are aware of everything
that the child ingests, an improvement in behaviour is quite
possible. This may account for the many anecdotal reports
of behavioural improvements accompanying the removal of
sugars from the diet, and this may also explain the persis-
tence of the idea that sugar causes hyperactivity despite
convincing evidence to the contrary. Thus, although sugar
does not cause hyperactivity, if the mother in the case de-
scribed at the beginning of this article were to limit the
sugar intake of her son, it might improve not only his nu-
tritional intake but also his behaviour.
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Fig. 1: In the left cycle, folate takes methyl groups from serine to form glycine and then uses them to methylate homocysteine,
forming methionine in the right cycle. Methionine is the precursor of SAMe, a methyl donor that is involved in many methyla-
tion reactions.  THF = tetrahydrofolate, Me = methyl group, SAMe = S-adenosylmethionine, SAH = S-adenosylhomocysteine, R
= any molecule that can be methylated by SAMe. The enzymes involved in the metabolic pathways are (1) serine hydrox-
ymethyltransferase (a pyridoxal phosphate–dependent enzyme), (2) methylenetetrahydrofolate reductase, (3) methionine syn-
thase, also known as 5-methyltetrahydrofolate homocysteine methyltransferase (a cobalamin-dependent enzyme), (4) methion-
ine adenosyltransferase, (5) a variety of SAMe-dependent methyltransferase enzymes, (6) adenosylhomocysteine hydrolase.
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Although sucrose does not cause hyperactivity, con-
trolled studies comparing different macronutrients have
demonstrated effects on the brain of both simple and com-
plex carbohydrates. The effects appear to be sedating
rather than activating. Depending on the age and sex of the
subject, carbohydrate can cause increased drowsiness or
calmness.21 Drowsiness is also related to the amount of food
energy ingested. A generous 4000-kJ (956-kcal) lunch will
produce greater drowsiness than a more modest 1200-kJ
(287-kcal) lunch, perhaps explaining the phenomenon
known to ergonomists as the “post-lunch dip” in perfor-
mance.22 A decline in human performance in the early af-
ternoon can be demonstrated using a variety of measures,
including as dramatic a one as falling asleep while at the
wheel of a car.22

The sedating effect of carbohydrate has been attributed
to stimulation of brain serotonin synthesis.23 According to
this hypothesis, carbohydrate ingestion stimulates insulin
release, and this in turn increases the branched-chain
amino acid uptake into muscle. Because tryptophan com-
petes with these amino acids for transport into the brain,
their removal from the circulation enhances the uptake of
tryptophan into the brain, increasing brain serotonin syn-
thesis. Such a mechanism certainly operates in rats ingest-
ing carbohydrate, but it probably does not account for
changes in mood or behaviour related to the ingestion of
real foods by humans. First, rats ingest a much higher pro-
portion of their body weight as food than humans, and they
have much greater fluctuations in plasma amino acid con-
centrations than humans do. Any increase in serotonin syn-
thesis in the human brain after carbohydrate ingestion is
too small to be detected by changes in the level of the sero-
tonin metabolite 5-hydroxyindoleacetic acid in cere-
brospinal fluid.24 Second, whereas ingestion of pure carbo-
hydrate may tend to increase levels of serotonin in the
brain, ingestion of carbohydrate with protein will counter-
act the effect of carbohydrate on serotonin. This is because,
as discussed above, protein contains other large neutral
amino acids that tend to inhibit the uptake of tryptophan
into the brain. Amounts of protein as small as 4% in a car-
bohydrate meal can prevent the increase in levels of trypto-
phan in the brain.25 No real meals contain as little protein
as this. Thus, the persistent myth that carbohydrate intake
can improve mood and even decrease satiety, thereby help-
ing weight loss because of its ability to increase serotonin,
has no basis in fact.

Acetylcholine is another neurotransmitter associated
with carbohydrate. In rats, glucose ingestion enhances the
release of acetylcholine in the brain26 and also enhances
memory. The memory-enhancing effect of glucose is also
well established in humans,27 and this may in part account
for the enhanced cognitive function of schoolchildren who
eat breakfast.28 Glucose can also attenuate some of the ef-
fects of acute nicotine withdrawal, presumably by stimulat-
ing cholinergic pathways.29 Whether an enhancement of
acetylcholine transmission is associated with other mental

effects associated with carbohydrate ingestion is not
known. Nor, indeed, is it known how glucose ingestion
stimulates acetylcholine release.

Another nutrient-based strategy that has been used to
enhance memory is raising the levels of the acetylcholine
precursor choline, by ingestion of either choline or of
lecithin (phosphatidylcholine).30 Small memory enhance-
ments are only occasionally seen and usually at much
higher doses of choline or lecithin than are present in over-
the-counter formulations.

Fats and the brain

Fat is the macronutrient that best illustrates the expres-
sion “you are what you eat.” The lipid composition of the
human brain in part reflects the dietary intake of different
lipids.31 Rats fed diets containing different fats have differ-
ent brain lipid contents and demonstrate differences in
cognition and behaviour after only a few weeks on test di-
ets.32 The mechanism that brings about these changes in
brain function is not known, but it presumably involves
changes in the properties of neuronal cell membranes and,
therefore, changes in the receptors embedded in the mem-
branes. Different human populations have widely different
fat intakes, but to what extent any differences in behaviour
and cognition that may occur in populations with widely
differing diets regarding fat types and contents (such as the
traditional Inuit or Hindu diets, or the current North
American diet) are caused by different brain lipid content is
entirely a matter for speculation.

Several studies have looked at the effects of supplements
of omega-3 fatty acids. In a preliminary study, 9.6 g per day
of omega-3 fatty acids helped to stabilize the condition of
patients with bipolar affective disorder.33 A lower dose de-
creased aggression in students stressed by taking final ex-
aminations.34 Conflicting results have been obtained in 4
studies of patients with schizophrenia.35

Conclusion

Many of the popular beliefs about the effect of foods on
mood and behaviour are incorrect. These include the pos-
tulated adverse effects of sugar on behaviour in children
and the mood-elevating effect of carbohydrate because of
its ability to increase brain serotonin. On the other hand,
some beneficial effects of foods are perhaps not sufficiently
appreciated. These include the analgesic effect of sweet
taste in infants and the ability of food to enhance memory.
Various dietary components such are tryptophan and
SAMe are treated as drugs in Canada, but they are available
over the counter in the United States where some Canadi-
ans buy their supplies of these drugs. Although dietary
components used as drugs are relatively safe, as is the case
with other drugs they can produce side effects and can in-
teract with other drugs. Nonetheless, they may be per-
ceived by those taking them as “natural” compounds.
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