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The brain has limited energy supply options, where glucose is the primary energy source of choice although it may also use
lactate and ketone bodies for this purpose. Glucose is consumed in the diet in many forms which can be absorbed/digested to
provide energy, including the free monosaccharide, within the common disaccharides lactose, maltose and sucrose, in dextrins
and starch. The brain needs a managed and controlled energy supply. Key to this control is regulation of the diet so that calories
are not consumed in excess of need and that foods providing a steady nutrient release within the gut are selected. People tend
not to consider how glucose provision to the body affects mental performance - they tend to think in terms of physical impact
alone. This short review teases out the various health-related issues that are associated with consuming glucose in different
forms within the diet and in particular, the impact on cognition.
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Introduction

Overview

The physiological basis of blood glucose concentration ‘gluco-
stat’ is the matter of great debate - in particular the role of the
pancreas versus the brain within the control mechanism [1-2].
The brain uses only a very select group of nutrients as a source
of energy where glucose is the most important. The utilisation
of energy by the brain has been discussed by many authors
where there are a few key elements in this respect as high-
lighted below [3-15]:

(1) The adult brain represents about 2% of the body
weight but utilises 20% of the oxygen inhaled and 20-25% of
the glucose consumed;

(i1) Glucose is the main energy source of/for the brain
where adenosine triphosphate (ATP) is generated from adenos-
ine diphosphate (ADP) plus inorganic phosphate (Pi) by gly-
colysis and oxidative phosphorylation;

(iii) Neuron metabolism is mainly oxidative, for astro-
cytes (a sub-group of glial cells) mainly glycolytic;

(iv) Ketone ‘bodies’ (B-hydroxybutyrate, acetoacetate,
and acetone) derived from the oxidation of fat in the liver, pro-
vide an additional fuel source for the brain through oxidative
phosphorylation - up to about 70% of total energy if necessary;
(v) About 10-12% of glucose is converted by glycolysis
to lactic acid even though oxygen is not limiting - referred to
often as ‘aerobic glycolysis’ or the ‘Warburg effect’;

(vi) Lactic acid may be used readily as an energy source in
the brain;

(vii) Neurones consume 75-80% of energy produced in
the brain to (a) transmit information through action potentials
along the nerves and across synapses and (b) to reconfigure the
neural pathways - especially synaptic linkages;

(viii)  Glycogen deposits exist in astrocytes in the brain and
provide energy reserve depots and;

(ix) The brain itself contributes to the regulation of glu-
cose homeostasis in the body. There are regions in the brain’s
hypothalamus and specialised neurones which sense glucose,
fatty acids, insulin and leptin. These metabolic signals con-
verge in the hypothalamus and brain stem and support the
overall energy usage of the body and brain.

Glucose homeostasis is critical for supporting the energy needs
of normal mental functionality/cognition (the mental ability to
gain knowledge and understanding through thought processes,
experiences and through input from the various senses). With-
out this control, the ability to function correctly is compro-
mised.

Dietary carbohydrates

The average human diet is very complex where carbohydrates
are key components. The carbohydrates may be digestible and
enter the blood steam in the small intestine as monosaccharides
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or be indigestible and more-or-less fermented in the colon of
man. Many different monosaccharides structures are consumed
in different forms where fructose, galactose and glucose are
most common [16-17]. These sugars a provided frequently in
the form of the common disaccharides lactose (galactose +
glucose), maltose (glucose + glucose) and sucrose (fructose +
glucose) as discussed elsewhere [16-17].

Glucose exists in many different molecular forms in foods and
drinks that are more-or-less accessible to the human digestive
processes/enzymes. These forms of glucose include sugars
(see above), oligosaccharides and starch derived polysaccha-
rides (amylose and amylopectin) from a range of different plant
sources and tissues. Rarely is glucose consumed as the free
monosaccharide although honey (rich in inverted sucrose, that
is fructose and glucose) is the exception.

The a-(1-4) and a-(1-6) bonded dietary glucose sources, name-
ly (but not exclusively) amylose and amylopectin within starch
granules and starch derivatives, may be digested to glucose by
humans. Digestion is slow in the case of starches in their na-
tive granular form [18-21], although the granules are digested
more easily by the concerted action of a-amylase, maltase-glu-
coamylase (‘maltase’ commonly and ‘maltase-a-glucosidase’)
and sucrase-isomaltase (‘debranching enzyme’ or ‘isomaltase’)
when damaged/cooked or hydrolysed to dextrins [17,19-23].

Once within the blood stream, the body works hard using a
number of interlinked physiological mechanisms (including
the opposing actions of glucagon and insulin) to manage con-
tinuously the blood glucose concentration (glucose homeosta-
sis) - for what is a critical energy supply for both the brain and
body. The glucose entering the blood stream from the small
intestine providing a source to be managed to optimise health
in concert with glucose stored in the storage depots (discussed
below). During physical exertion the demand for glucose
within the body will increase where in common with rest, pro-
vision must be made for both the body’s and brain’s needs.
States of glucose imbalance (discussed below) challenge the
body’s capacity to function as the deficiency and excess are not
compatible with health. Hence, there are a complex array of
mechanisms to maintain blood glucose concentrations within a
desirable operational range.

Blood Glucose and Brain Health

The impact of blood glucose concentration on cognitive
health

Localisation: There are suggestions in the literature that not
only does glucose enhance cognition when delivered to the
brain via different routes but, that mental performance in spe-
cific areas of the brain can be enhanced by increased local
blood glucose supply [24-26]. Thus, glucose is utilised accord-
ing to local need. Fructose, although not a key brain fuel, exerts
impact on cognition although differently from glucose [27].

Hyper- and hypoglycaemia: Overall, dysregulated glucose
supply to the brain causes trauma. In terms of physiological
health impacts on brain function, both low (hypo-) and high
(hyper-glycaemia) blood glucose concentrations are detrimen-
tal. Cognitive decline is associated with diabetes - and hence
with high blood glucose concentrations especially [28]. Hyper-
glycaemia associated with both type I or type II diabetes causes
cognitive dysfunction, as discussed by Sommerfield et al. [29],
Cox et al. [30] and Weinstein et al. [31].

There may well be a direct relationship between hyperglycae-
mia and dementia [32-34]. However, and perhaps perceived as
an opposite effect for the brain (tissue) itself, reduced glucose
uptake in the brain is an early biomarker of Alzheimer’s dis-
ease [35]. A maternal history of Alzheimer disease predisposes
normal individuals to progressive glucose metabolism issues in
Alzheimer disease vulnerable brain regions, which may reflect
a greater risk for developing the disease [36].

In general, it is difficult to elicit from the literature if (a) a
congenital/induced detrimental change in the brain affecting
glucose uptake by cells and/or metabolism (glycolysis and oxi-
dative phosphorylation) is responsible (at least in part) for Al-
zheimer disease development [37-41] or (b) if high circulating
glucose concentrations (as in for example diabetes) is toxic to
the brain and is (at least in part) responsible for the disease de-
velopment [42-43]. However, according to Johnson et al. [44]
who worked on Alzheimer brain tissue and cerebrospinal fluid,
‘A protein network module [domains that are found repeatedly
in a range of proteins] linked to sugar metabolism emerged as
one of the modules most often associated with Alzheimer’s dis-
ease pathology and cognitive impairment.’

High ‘normal’ blood glucose concentrations are like hypergly-
caemic events equally, a risk factor for cognitive decline [45-
47]. One could argue, therefore, that a lot more must be done
to regulate energy consumption leading to regularly elevated
blood glucose concentrations in the western diet. Liu et al.
[48] however reported that in non-diabetic older adults lower
concentrations of the anti-aging protein with neural protective
effects called ‘Klotho’ are associated with poorer cognitive
performance.

In type I diabetes, in both young and old people, hypoglycae-
mia is associated with a deleterious impact on cognition [49]
too. The impact of hypoglycaemia on brain function and cogni-
tion has been considered by some professionals, however, to be
controversial [50].

Hawks et al. [51] reported in a type I diabetic study review that
by minimising glucose concentration fluctuations, the brain’s
processing speed is optimised. In terms of cognitive vulnera-
bility to this blood glucose concentration impact, they reported
that the main relevant factors were age, time in hypoglycaemia,
life time severe hypoglycaemic events, microvascular compli-
cations, glucose variability, fatigue and neck circumference.

In terms of cognition in healthy volunteers versus diabetes
(type 1), hypoglycaemia (induced via hyperinsulinaemic glu-
cose clamps) causes cognition to be impaired in both groups
[26,52]. This implies that the impact is a function of the low
blood glucose directly - independently of any underlying
health condition(s). In an elderly age group with reasonably
good blood glucose control, it is apparent that a glucose source
in the diet does improve mental performance [53]. Younger
healthy people too, find cognition difficult when they are made
hypoglycaemic [54]. Hence, the hypoglycaemic state impacts
upon all age groups regardless of underlying health conditions
to diminish cognitive functions.

Brain injury linked to hyper- and hypoglycaemia: Brain in-
jury linked to acute and chronic hyperglycaemia is associated
with impaired attention and memory capability - reflecting an
early manifestation of impaired glucose metabolism [31, 55].
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Hyperglycaemia may exacerbate dementia-related neuropa-
thology - although the direct impact on cognitive decline or de-
mentia risk is difficult to quantify [56]. Hypoglycaemia causes/
results in functional impairment too although this state may be
corrected by increasing the blood glucose concentration [57].

Glucose transport into the brain: Overall, with respect to brain
glucose metabolism, the concentration dependent glucose
transporter GLUT 3 transports glucose into brain cells [58].
Berg et al. [59] discussed how the low KM (1.6 mM) for glu-
cose of GLUT3 means it is usually saturated and thus provides
the brain with a continuous source of glucose. The glucose
concentration in the brain is roughly 1 mM when plasma is
4.7 mM. They also indicated that when the pervading glucose
concentration approaches the KM of hexokinase (50uM, the
enzyme which in effects retains glucose in the cell) glycolysis
slows down, but approaches a dangerous point when plasma
glucose concentration drops below 2.2mM (close to the KM
of GLUT3).

Glucose ‘dosage rate’ from the gut: The interesting question
with respect to blood glucose concentration is, ‘is it better
to receive a slow entrance of glucose into the blood stream
over a long time period for cognition optimisation or can the
brain adapt to highs and lows of glucose exposure?’. This has
three elements essentially: (i) the composition of the diet, eat-
ing habits and overall exposure to digestible carbohydrates;
(i1) physiological status of the body/brain impacting on blood
glucose supply to the brain and; (iii) cognition in health and
disease. This is against the backdrop of the relative importance
of the brain and body in managing glucose homeostasis [60].
In general terms, calorie control/restriction is beneficial with
respect to cognition [61]. However, it depends on how calorie
availability is managed actually. Dias et al. [61] indicated that
calorie restriction can improve cognition, when managed mod-
erately early in life but if applied more intensely later in life,
it may be deleterious. Clearly a balance of calories entering
the body versus those utilised by the body is relevant to both
physical and cognitive health. Apparently, excessive sugar in-
take is associated with dementia [62].

The dietary sources of glucose impact on cognitive health
As discussed above, glucose sources are common in nature
both as sugars and within starch molecules (Table 1) and are
important components of the diet [16-17,63-66]. Providing
sweetness, bulk, structure, texture and calories. Dextrins (un-
like indigestible dextrans) are generated by starch hydrolysis
and are usually amorphous, readily dispersed/solubilised and
unmodified chemically. Consequently, dextrins are hydrolysed
in the digestive tract of man very rapidly to glucose which is
then absorbed [63,67]. Amorphous starch - especially cooked
or gelatinised starch - is also hydrolysed rapidly to glucose and
absorbed [64-66]. Hence, the body is very efficient at liberating
glucose from digestible sources.

Glucose, glucose-containing digestible sugars and amorphous
starch cause a rapid peak of blood glucose concentration (in
parallel with increasing insulin concentration) around thirty to
forty-five minutes post ingestion. This is followed by a slow
decline to baseline and then usually undershoots the baseline
as blood glucose concentration is managed within the body -
utilising what it needs for energy during the process, storing
some as glycogen and alternatively as fat. There is a general
recognition that a slow flat post prandial blood glucose profile

Table 1: Glucose sources in the diet.

Form Origin
Free glucose in fruit and vegetables,
Monosaccharide | honey. Usually from the inversion (hy-
drolysis) of sucrose.
Disaccharides Lactose - Milk and hence dairy products
Maltose - Starch hydrolysis and malt
Sucrose - Fruit and vegetables
Dextrins Starch hydrolysis
Non-resistant starch is hydrolysed read-
Starch ily in the digestive system of man

is desirable for health - which can be achieved by consuming
slowly digestible starch [64-66]. This reduces the ‘pressure’ on
the physiological responses around the body to manage peaks
and troughs associated with the consumption. Overall energy
consumption - including sugars and starches - must also be
controlled to avoid physical diseases caused by excess (see be-
low). These include obesity, diabetes, cardiovascular disease,
metabolic syndrome etc. Usually, only physical manifestations
of calorie excess, including glucose containing food sources
are considered in health-related dialogue. However, there is an
equally important cognitive related element too.

As discussed above, amorphous starch in the form of high
molecular weight dextrins is hydrolysed and absorbed as glu-
cose from the small intestine of man at about the same rate as
glucose monosaccharide [63,67]. In rats at least, excess malto-
dextrin and sucrose consumption provide comparable harmful
metabolic and cognitive impact [68]. Diets comprising glu-
cose, maltodextrin and starch, high protein and high fat diets
were fed to healthy male students by Fischer et al. [69]. They
stated that ‘good and stable cognitive performance is related to
a balanced glucose metabolism and metabolic activation state’
although it is not clear what impact the various carbohydrates
had separately in their work. The starting point for glucose
regulation from the gut then lies in if starch is amorphous or
not [65]. This raises a question. Is it possible using slowly di-
gested starch, providing slow energy release during digestion
[66], that cognition is optimised over time? This where glucose
is consumed with less peaks and troughs than yo-yo consump-
tion of drinks and foods providing rapidly digestible glucose.
According to some authors [70], the impact of slowly digestible
starch on cognition is uncertain. This applies to the so called
“functional foods’ too [71] which were developed initially for
physical rather than cognitive wellbeing. However, there is a
growing view that controlled steady glucose presentation and
usage by the body, is beneficial for both physical and mental
health [72-73]. Thus, (i) the amount of glucose consumed and
(i1) in what form glucose is consumed, impacts on all areas of
wellbeing- physical and cognitive.

According to Nilsson et al. [74] and Siinram-Lea and Owen
[75], blood glucose ‘spikes’ can provide short term cognitive
benefits although flatter sustained stable blood glucose concen-
trations, avoiding peaks and troughs, provide better cognitive
function and reduced risk of longer-term impairment. Hence,
the control of blood glucose is not just important for physi-
cal health, but mental welfare too. Highs and lows of blood
glucose concentration do not promote optimal cognitive per-
formance and overall brain wellbeing. Mattson [76] makes an
interesting overall view about why excess calories dull cogni-
tion. The author suggests that “...the reason that overconsump-
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tion of energy-rich foods negatively impacts cognition 1s that
signalling pathways that evolved to respond adaptively to food
scarcity are relatively disengaged in the setting of continuous
food availability’. Obesity impairs cognition and increases the
risk for some psychiatric disorders and dementias [76]. It is an
interesting concept that has the evolutionary basis in the food
gatherer lifestyle that humans followed during development/
evolution.

The Role of Glycogen in Brain Health

In humans, glycogen is the main storage form of glucose - pri-
marily in the liver but in muscles, the kidneys and the brain too
[77-81]. These glycogen depots (Figure 1) provide an energy
storage reserve where the muscles and liver are most important
for the body in terms of amount stored. However, the brain de-
pots may well prove to be more important in time than realised
currently. The glycogen depots receive glucose from the blood
stream post-prandial under the control of insulin in the most
part, to provide an energy reserve and maintain a normal blood
glucose concentration.

HEEE]
muscle
(~500g)

Glucose
Other conversion

tissues to
glycogen

Brain
(0.5-1.5g)

Figure 1: Human glycogen depots [106,110,117].

The glycogen within tissues occurs within granules or particles
- which are smaller than plant starch granules (about one log
scale) although there are many analogies. The heterogeneity
of glycogen structures and their more readily digestible na-
ture lends them more to be called particles than granules as
for starch. The relative inner diameter of brain, skeletal muscle
and liver glycogen particle sizes are 10-30, 10-40 and 110-
290nm respectively [78]. In the body, glycogen particles com-
prise protein-glycogen forms within three types of structures
- a- (mainly liver, comprising B-particles, relatively slow ener-
gy release), B- (individual particles, relatively rapid energy re-
lease, as found in the brain astrocytes, comprising y-particles)
and y-particles. Liver a-particles contain about twenty-thirty
B-particle subunits [80].

The structure of glycogen molecules is similar to amylopec-
tin within starch. It contains about 92-93% a-(1-4) and 7-8%
a~(1-6) glucose bonds; the latter creating the branches [77,80].
The exterior chain branches of a-(1-4) linked glucose residues,
are, on average, thirteen residues long with three-four glucose
residues between the branches [80]. A fully formed glycogen
molecule within a B-particle (which is apparently just one
molecule per particle) contains about 55,000 glucose residues
[77,80] which equates to a molecular weight of about 8.91 mil-
lion Daltons. Similar molecular weights of 1x106-1x107 Dal-
tons have been reported by Brewer and Gentry [80] for these
molecules. So called pro-glycogen and macro-glycogen are
probably intermediate forms of B-eranule synthesis [80].

Abnormal glycogen synthesis and cognitive health
Polyglucosan molecules, unlike glycogen, are water-insoluble,
phosphorylated, contain long glucose chains and range from
1-2 to 35 or 40 pm [82-84]. The intracellular accumulation of
polyglucosan deposits known as Lafora bodies in the brain and
other tissues is associated with Lafora disease which is a fatal
childhood epilepsy.

In humans, it is the loss-of-function mutations in laforin and
malin proteins which suppress glycogen synthesis, that induces
large numbers of these insoluble polyglucosan molecules to be
deposited in neuronal cells [85]. Excessive glycogen accumu-
lation in this context, with the associated dysregulated metabo-
lism, may be responsible for epilepsy and neurodegeneration
[82-84]. Therapies that reduce glycogen synthesis or target
Lafora bodies are being developed as an approach to treat the
condition [84]. There is a connection between affliction with
epilepsy and cognitive impairment [86].

Properly regulated glycogen synthesis in the brain can protect
against seizures [87]. The lack of glycogen increasing the sus-
ceptibility to epileptic seizures [87]. Neuronal accumulation
of excess glycogen, however, is associated with/contributes to
aging processes and may be a key factor regulating progres-
sive neurological decline in humans [85]. Clearly the control
of glucose management and utilisation in the brain is critical
for good health.

Other forms of polyglucosan molecules have been found com-
monly in the aging brain (especially but not necessarily where
Alzheimer’s disease is present) and include Corpora amylacea
(corpus = body, amylaceous = starch like), Bielschowsky bod-
ies and amylopectin bodies [88-93]. The Corpora amylacea are
hyaline - glycoprotein-based structures. Their cause of occur-
rence and brain related impact is not at all certain.

It is interesting that many people suffering with epilepsy ben-
efit from the high fat low carbohydrate/protein diet - the so-
called keto diet - where ketone bodies are utilised by the brain
for energy rather than glucose [94]. Brain reactive astrocytosis,
synonymous with epileptic tissue, is associated with loss of
glutamine synthetase (catalyses the condensation of glutamate
with ammonia to form glutamine) activity, compromised glu-
tamate-glutamine cycle and an associated increase in extracel-
lular and astrocytic glutamate concentration [95]. The authors
indicate that chronically elevated intracellular glutamate con-
centrations in astrocytes leads to alterations in the metabolism
of glycogen and the synthesis of polyglucosans. Inaccessibility
of glycogen-metabolising enzymes to these (unlike glycogen
proper) insoluble molecules, affects the glycogenolysis driven
reuptake of extracellular potassium ions by astrocytes. This
then leads to an increased extracellular potassium ion con-
centration and associated membrane depolarisation. Further,
DiNuzzo et al. [95] indicate that the loss of structural homoge-
neity of glycogen particles is associated with the disruption of
brain potassium ion homeostasis and increased consequently
susceptibility to seizures. Thus, the critical proper functionality
of brain glycogen deposits prevents uncontrolled neurological
activity via this mechanism.

Glycogen buffer and ascocytes in the brain

Gibson [96] discussed the apparent dichotomy of the role of
glucose concentration in the blood on cognition, where neither
high nor low concentrations are desirable, whilst exploring the
glucose ‘buffering’ capability of ascocytes and the glycogen
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deposited within. The author reported that overall brain activi-
ty is relatively unaffected by blood glucose concentrations oth-
er than with respect to autonomic activity controlling glucose
homeostasis. The astrocytes regulate glucose concentration in
the extracellular space of the brain including the intracellular
deposition and mobilisation of glycogen. The astrocyte- based
glycogen is described sometimes as an emergency energy re-
serve [97]. This glycogen is metabolised via glycogenolysis/
glycolysis to lactic acid which is a neuronal energy source that
is transported by mono-carboxylate transporters [98]. Glyco-
gen derived lactate is a critical energy source for brain energy
demands - both for neuronal function and for survival needs
[98-100]. Brain located glycogen supports learning and mem-
ory as it provides lactate to the neurons during the condition-
ing phase of in vitro long-term potentiation, an experimental
equivalent of learning [100]. Within the hippocampus, glyco-
gen plays a critical role supplying neurones with lactate dur-
ing memory formation. This role of glycogen indicates that it
provides a critical role in supporting brain functions [101-102].

Hypoglycaemia protection imparted by brain localised gly-
cogen

When the brain is exposed to hypoglycaemia, a number of
metabolic/physiological responses are activated via autonomic
processes as discussed by others [103-109]:

. Insulin secretion is inhibited;

. Glucagon, adrenaline, noradrenaline, cortisol (ACTH)
and growth hormone are secreted;

. Brain located glycogen provides energy store during
hypoglycaemia;

. Multiple metabolic pathways are modified to protect
the brain;

. After hypoglycaemia, the brain glycogen depots are
increased - often described as ‘rebound’;

. Exercise can also condition the brain (like the body)

to store greater glycogen deposits.

Hence, a great deal of responses is activated, to protect the
physiological/cognitive processes involving many different
mechanisms. The cognitive health of the body as critical and
the physiological health.

The consequences of hypoglycaemia are: headache, seizure,
stroke-like episodes, cognitive dysfunction and coma because
the amount of glycogen stored in the brain, between 0.5 and
1.5g, or about 0.1% of total brain weight, can only protect
from the hypoglycaemia for a relatively short time [106,110].
Although brain glycogen is depleted during hypoglycaemia,
doubts have been expressed about its exact role in brain glu-
cose supply [107]. Apparently, moderate and repeated hypo-
glycaemia can train the brain to adapt to more extreme hypo-
glycaemic situations [111].

Hyperglycaemia protection imparted by brain localised
glycogen

In terms of hyperglycaemia responsiveness of the brain, Eelco
and Ryan [112] have discussed how they believe uncontrolled
blood glucose concentrations may damage the brain. Where
there is a long history of poor glycaemic control, especially
when accompanied by micro- and macrovascular complica-
tions, there is an increased risk of cognitive decline. More
specifically, in type 1 diabetics, events like elevated blood
glucose concentrations (glucose ‘neuro-toxicity”) and diabetic
keto acidosis may alter the integrity of the blood-brain barrier.

As a consequence, ‘toxic agents’ are able to enter the central
nervous system and affect neurodevelopmental processes. This
happens especially during the first several years of life, where
there is particular active brain development. They did not re-
ally associate this with any defined protective role of brain
glycogen, however. Presumably any control that brain-based
glycogen could exert on the local glucose concentration to nul-
lify hyperglycaemia is simply overwhelmed.

Glycated Haemoglobin

Glycated haemoglobin (HbA 1c¢) provides an indication of aver-
age (and thus including impaired) blood glucose concentration
up until the test point reflecting the blood glucose profiles in
humans during the past few months before testing. The HbAlc
concentrations are associated with cognitive decline in older
people (healthy individuals) and those diagnosed with type 11
diabetes. Altschul et al. [113] discussed how HbA 1¢ concentra-
tions reflect also: (i) micro- and macrovascular complications,
(i) reduction in brain volume and (iii) dementia. They indi-
cated further that the HbAlc - cognitive function relationship,
rather than being parallel events, may in fact be revealing caus-
ative factors for brain damage. The toxic generation of free
radicals accompanying increased HbAlc concentrations may
cross over into the brain, affecting cognition [113].

Lietal. [114] have discussed glucose neurotoxicity in more de-
tail than most authors and discussed the overall impact on brain
glycogen metabolism. They indicate that indeed hyperglycae-
mia might affect astrocyte energy metabolism and function.
This area requires further investigation [28] but does indicate
why hyperglycaemia - in diabetes especially - is very damag-
ing to the brain and supports the discussion that the consump-
tion of glucose that is released slowly into the blood stream
rather than in periodic spikes provides cognitive and health
advantages.

Lifestyle Changes to Impact on Cognition

As discussed above, both excess calories in the diet with re-
peated highs and lows of blood glucose concentration, are not
conducive to good health. Slowly released glucose from the
gut, provided by slowly digestible starch is a much healthier
physiological state.

It is reported often that sugars, especially in products like sug-
ary drinks, are detrimental to the body in terms of tooth decay
and excess calories leading to obesity and further physiologi-
cal decline [16-17]. What is harder to define, however, is how
exactly these products may be associated with or even cause
cognitive impairment/decline [47,115-116]. These types of
drinks contain more than just sugar and water and hence, other
components may be detrimental to cognitive health. Setting
that argument aside, however, it does add further support to the
debate on the need to minimise concentrated bursts of sugar
ingestion, leading to peaks and troughs in blood glucose, not
just for physical health but cognition too.

Although attention is usually paid to the positive role of sus-
tained energy release for physical activity, less is said about
how this supply may benefit the functionality of the brain too.
As the brain utilises glucose extensively for its activities, it
would seem entirely logical that accessibility to a sustained
release of glucose (gut via slow digestion and from glycogen
stores) would optimise the performance of the brain. This sup-
ply not just a control of periods when food is consumed but
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the choice of energy source and 1ts sustained impact on blood
glucose concentration with associated stable impact on insulin
concentrations.

Conclusion

People tend to associate low sugar intake with tiredness and
high sugar intake with excess calories, tooth decay, obesity,
type 1l diabetes, cardiovascular disease etc. However, less is
said about cognition and in particular how avoiding too many
highs and lows of blood glucose provides a cognitive benefit.
Glycogen stores of glucose, distributed within organs around
the body and in the brain, are relevant to overall glucose man-
agement for physical energy. However, with respect to cogni-
tion, the exact role of glycogen in the brain is still to be defined.
There is little doubt that the brain needs to be protected from
hypo- and hyperglycaemia to allow normal neurological activ-

1ty.

With the exception perhaps of honey in only some geographic
locations, most evolving humans would have been exposed
to sugar within fruit and vegetables with a maximum concen-
tration before drying of about 15% and perhaps up to around
75% for some dried fruit (e.g. pineapple). As cooking skills
developed and cooking pots became more readily available,
starchy crops as a source of polymerised glucose would have
been harvested (eventually farmed) and cooked, allowing the
body’s enzymes greater capacity to digest the starch. At the
present time, we live in a world of pre-processed foods rich
with calories - many from sugars and starches. All this excess
energy intake has been coupled with less physical activity and
a gradual negative health impact too. Not only has this change
impacted on the physical body, cognition has become an ever
increasingly important issue with respect to optimal brain food
- especially glucose with respect to calories.

It does seem to be the case that the brain operates most ef-
ficiently when it is supported by a steady glucose supply. It
is difficult to make many cognitive measurements linked to
normal rather than abnormal physiological events - e.g. blood
glucose concentration versus blood alcohol concentration - for
many different reasons. However, there is very good reason to
promote good health and mental wellbeing based on a good
balanced, energy-controlled diet which promotes a healthy
blood glucose profile.
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