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The impact of the rate of carbohydrate absorption, as measured by the carbohydrate’s glycemic index (GI) on cognitive performance, is not clear.
The aim of this review was to systematically assess the relevant research studies. A systematic review of English-language articles using Medline,
Cochrane Central Register of Controlled Trials, EMBASE, PsycINFO, and PsycARTICLES (up to July 2012) using the search terms “glyc(a)emic index”
or “glycaemic load” combined with “cognitive function” or “cognition” or “memory” was carried out. Inclusion and exclusion criteria were
prespecified. Eligibility of the identified studies was assessed independently by the 2 reviewers. Independent extraction of data was carried out
by the 2 authors using predefined data fields. The primary outcome measure was the effect on cognitive function (CF) after the consumption of
meals varying in Gl. Eleven eligible studies were identified. The age range of the participants varied from 6 to 82 y old. Overall, the findings were
inconsistent, with some studies showing benefits toward either the high-Gl or the low-GI meal, others not finding any differences between the 2
meals, and other studies showing a positive or negative effect on performance on only some cognitive domain or domains after consumption of
1 of the 2 meals. A number of methodologic and confounding factors were identified that could explain these inconsistencies. These include the
study design, the selected sample (size, age, blood glucose regulation), the timing of testing, the cognitive domain being examined, the number
and type of cognitive tests used, the meals provided (composition, size), the timing of blood samples collected, as well as the possibility of bias
because participants and investigators were not blinded to randomization. A low-GI meal may favor CF in adults, but the findings at present are
inconclusive. On the basis of this review, it is suggested that future studies address the identified methodologic issues and some
recommendations are proposed to this effect. Adv. Nutr. 5: 119-130, 2014.

Introduction

Glucose is the main energy source for the brain and thus es-
sential for its function (1). Human studies have shown that
the performance of difficult tasks requiring intensive cogni-
tive resources results in a measurable decline in peripheral
blood glucose (BG)* concentration, which is suggested to
be due to increased neural energy expenditure (2—4). In an-
imals, it has been shown that at a high cognitive load, hip-
pocampal glucose demand exceeds supply, whereas exogenous
glucose supply enhances performance (5). This is also sup-
ported by a number of human studies that have shown that
glucose consumption, compared with placebo or breakfast
omission, enhances cognitive performance both in healthy par-
ticipants and in participants with memory deficits and those
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with poor glucose regulation (6,7). The optimal glucose dose
for enhancing verbal episodic memory, relative to placebo in
elderly participants, was found to be 25 g, or a BG concentra-
tion of ~8-10 mmol/L (8), whereas in healthy young women
the optimal glucose dosage was found to be 300 mg/kg body
weight (9).

It is worth noting that the glucose-enhancing effect on
memory is more consistent in healthy elderly participants
(10) and in patients with Alzheimer disease (11) who pre-
sent with memory decline (12) than in healthy young partic-
ipants. In the latter group, glucose reliably facilitates
memory when the cognitive demand of the task is high or
under conditions of divided attention (13). In addition, it
is now well established that poor glucose regulation is a
risk factor for impaired cognitive functioning (CF), as
shown in patients with diabetes mellitus and in persons
with poor glucose regulation. A systematic review on this is-
sue concluded that poor glucose tolerance affects cognitive
performance, with some cognitive domains being more
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sensitive than others (14). The evidence is stronger, although
not entirely consistent, for CFs such as verbal memory, work-
ing memory, vigilance, and attention, which appear to be the
most vulnerable functions in the case of brain impairment
and the most susceptible to hyperglycemia and insulin resis-
tance (14). On the contrary, although repeated episodes of
hypoglycemia observed in insulin-treated diabetic patients
were thought to cause cognitive dysfunction in patients
with diabetes (15), this was not supported by the Diabetes
Control and Complications Trial (16) or its 18-y follow-up
(17). Thus, as concluded by Lamport et al. (14), there still re-
mains to be determined which variables of glucose tolerance
are most strongly associated with cognition.

Glucose is rarely consumed as part of the normal diet; in-
stead, it is obtained from carbohydrate-containing foods,
which are then broken down to glucose, supplying the brain
and other organs with the necessary energy. A number of
studies investigated the hypothesis that the rate of glucose
release would affect CF by using the established carbohydrate
classification of the glycemic index (GI). The GI is a way of
classifying carbohydrate-containing foods on the basis of
the rate of glucose release by measuring the 2-h postprandial
BG concentration after consumption of a portion of food
containing 50 g of carbohydrate and comparing it with the
2-h BG concentration after consumption of 50 g of glucose
(18). A slowly absorbed carbohydrate-containing food or
low-GI (LGI) food (e.g., rye bread) would lead to a slower re-
lease of glucose than a quickly absorbed or high-GI (HGI)
food (e.g., white or brown bread). It should be noted that,
by definition, the GI only provides a measure of carbohydrate
quality (19); if both the quality and quantity of carbohydrate
need to be considered, the glycemic load (GL) is used, which
is defined as GL = (GI X amount of carbohydrate /100) (20).

A previously published review critically evaluated the effect
of the diet’s GL on cognitive performance and concluded that
the data at the time were insufficient to support an effect of
GL on short-term cognitive performance due to the inconsis-
tent findings of the available studies (21). The review, however,
included a study in which the meals varied in macronutrient
content (22) and a study in which the GL was reduced by ma-
nipulating the carbohydrate content of the meal and not the
GI (i.e., the carbohydrate quantity but not the quality) (23).
The conclusions were thus confounded by these studies. To
avoid this, the present review only includes studies that assess
the effect of the quality of carbohydrates consumed (i.e., the
dietary GI) and their effect, if any, on CFE. Establishing if
the quality of the carbohydrate influences CF may assist in
the provision of nutritional recommendations both for chil-
dren and adults aiming to enhance their CF. This can have a
potential influence on studying, working, and performing ev-
eryday activities more efficiently and effectively.

Thus, the aim of the present systematic research review
was to ascertain whether the rate of glucose release after con-
sumption of carbohydrate-containing foods, as assessed by
the dietary GI, affects CE. We did this by reviewing studies
in adults and children that assessed the effect of dietary GI
on CF using an objective measure (e.g., a CF test) without

120 Philippou and Constantinou

setting any limitations on study duration or study design
and with the primary outcome being the effect (if any) of
changing the dietary GI on CE.

Methods

The methods and the inclusion and exclusion criteria were specified in ad-
vance and documented in a protocol as explained below. A literature search
was carried out independently by the 2 reviewers (E.P. is a clinical dietitian
and M.C. is a clinical neuropsychologist) for short- or long-term studies as-
sessing the effect of food(s) with differing GI on CF using the following
search terms: “glyc(a)emic index” or “glycaemic load” combined with “cog-
nitive function” or “cognition” or “memory.” The following search engines
were used: Medline (PubMed) (restriction: English language), the Cochrane
Central Register of Controlled Trials (CENTRAL), and EMBASE for all
years until July 2012 (with the exception of EMBASE, which was searched
for the years 1980—-July 2012). In addition, PsycINFO and PsycARTICLES
(up to July 2012, with the same search terms) were used to search for pub-
lications in cognitive psychology and neuropsychology. Relevant studies
cited either in review articles or in the articles identified through the search
were also considered. The inclusion criteria were as follows: 1) comparisons
between LGI and HGI foods/diets, 2) studies in which the food or dietary GI
was either estimated or measured, 3) studies conducted in humans of all
ages, and 4) studies published in English. The exclusion criteria were as fol-
lows: 1) review articles, 2) studies in which the effect of GI on CF was not
the main outcome measure, 3) studies in which only GL and not GI was as-
sessed, 4) studies in which water was used as a placebo and there was no
comparison between HGI and LGI foods/diets, and 5) studies in which
the same carbohydrate food/drink was consumed at different rates to sim-
ulate a LGI or HGI response. The primary outcome measure was the effect
on CF (as assessed by CF tests) after the consumption of meals varying in GI
(i.e., LGI or HGI meal). Eligibility assessment of the identified studies was
performed independently by the 2 reviewers in an unblended manner, and
any disagreements were resolved by consensus.

Data extraction was carried out by 1 of the reviewers (E.P.), with the ex-
ception of “cognitive function tests used” and “cognitive function or do-
main assessed,” which were extracted from the studies by a second
reviewer (M.C.). This procedure was thought to be preferable due to the dif-
ferent specializations of the 2 reviewers (see above). Both reviewers checked
all data extracted. Any disagreements were resolved through discussion be-
tween the 2 reviewers. One study author was contacted to provide informa-
tion on GI and GL values and responded promptly. The following data were
extracted from each included trial: 1) characteristics of trial participants
(number of participants, gender, and age), 2) study design, 3) carbohydrate
intervention used, 4) GI and GL of the intervention(s) used (based on a glu-
cose standard), 5) timing of BG sampling, 6) CF tests used, 7) CF or domain
assessed, 8) timing of the administered tests, and 9) findings or outcomes
and authors’ comments. To ascertain the validity of the eligible trials, the
2 reviewers independently assessed the adequacy of randomization, blinding
of participants, and blinding of investigators in all trials.

Results

Study selection

On the basis of the exclusion and inclusion criteria, 11 stud-
ies were identified as eligible. In summary, the independent
search of the 2 reviewers identified 103 trials, and after ad-
justing for duplicates, 77 trials remained. Of these, 54 were dis-
carded because after reviewing the titles and abstracts, it
appeared that they did not meet the criteria. The full text of
the remaining 23 articles was examined more carefully, and
it appeared that 12 studies did not meet the inclusion criteria
for the reasons given in Fig. 1. The total number of eligible
studies was 11. The flow diagram in Fig. 1 shows the study se-
lection process.



Study Selection Process

Studies identified through the
search engines and manual
searches: n =103

o Duplicates excluded (n = 26)

A 4

Records after duplicates removed:
n=77

A4

Screening of titles and abstracts

Excluded based on titles and
abstracts as irrelevant (n = 54)

\4

A4

Full text articles assessed for
eligibility: n =23

FIGURE 1 Study selection process. CHO,
carbohydrate; Gl, glycemic index; GL, glycemic
load.

e Review papers:n=9

Gl foods/diets: n =1 (6)

response: n=1(7)

A\ 4

Excluded based on eligibility criteria:

e Assessed only GLand notGl: n= 1 (1)
e Water was used as the placebo and there
> was no comparison between high and low

e Use of the same CHO food/drink consumed
at different rates to simulate low or high GI

Eligible studies: n =11

Study characteristics

Table 1 shows the data extracted from each study. In sum-
mary, the age range of the participants in the included stud-
ies varied, with 6 studies including either children (24,25) or
adolescents (26-29), 2 studies including young adults
(30,31), 1 study middle-aged to elderly participants aged
49-71 y (32), and 2 studies only elderly participants
(33,34). All participants were healthy, with the exception
of 1 study that included type 2 diabetic participants (34).
In all studies, CF was examined in the morning after an
overnight fast and the provision by the investigators of a
breakfast meal/drink. In the Lamport et al. (31) study, the
evening meals rather than the breakfast were manipulated
to examine the second meal effect—i.e., whether the GI of
the previous meal (in this case, the evening meal) affected
CF the following morning both before and after a standard-
ized HGI breakfast. Most studies used a within-subject
design with participants acting as their own control
(24,25,27,31-34). Three studies used a between-subjects de-
sign (26,28,30), and in 1 study, participants were categorized
into 4 groups on the basis of the GI and GL of their own
breakfast consumed on that day (29). Randomization was
not concealed in any study. In addition, no study attempted
to blind the participants or the investigators with regard to

the GI of the meal provided with the exception of the study
by Micha et al. (28) in which both participants and investi-
gators were blinded.

CF tests

In all studies, the assessment of CF was carried out by using
a battery of tests, ranging from 2 to 8 tests, with the excep-
tion of Benton et al. (30), in which only 1 test, namely word
recall, was used. The utilized CF tests were in some studies
published and well-known instruments, such as the Wechs-
ler Memory Scale-IV (35), Trail Making Test A & B (36), and
Hopkins Verbal Learning Test (37). In a number of studies,
however, instruments developed by the investigators were
used that assessed many neuropsychological/cognitive func-
tions or domains such as memory (verbal recall, prose
memory, working memory, visual recognition memory), at-
tention (sustained and selective attention, speed of atten-
tion, visual attention), learning (learning and retrieving
verbal information, information processing skill), reasoning
and intelligence (mental flexibility, verbal fluency, visual rea-
soning, graphomotor and visual spatial skills, nonverbal in-
telligence), and psychopathology. There was no consistency
among studies in the timing of the administration of tests,
namely the timing between food intake and cognitive
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assessment, although in most studies CF was assessed at least
3 times starting from before breakfast consumption to =210
min postprandially. The exceptions were Micha et al. (29), in
which CF was tested only once (at 90 min), and 3 other stud-
ies (27,28,31), in which tests were administered only twice.

Meal interventions

In all studies, except in Micha et al. (29) and Lamport et al.
(31), a standardized LGI or HGI breakfast meal or drink
were provided. In the Micha et al. study (29), participants
consumed their usual breakfast and were categorized on
the basis of its GI and GL into 4 groups, whereas in the study
by Lamport et al. (31), instead of manipulating the break-
fast’s GI, there was a manipulation of the GI of the evening
meal, and all participants were provided with an HGI break-
fast. In the studies by Mahoney et al. (25) and Papanikolaou
et al. (34), in addition to examining the influence of dietary
GI, cognition was also assessed in the fasted state.

The nutritional composition of the meals was not re-
ported in 3 studies (29,31,32), whereas in most of the re-
maining studies, the composition of the meals provided to
the 2 groups was not matched, mainly because of differences
in the amounts of fiber and protein between the meals. The
exception was the study by Cooper et al. (27), in which the
HGI and LGI meals both contained 1.5 g/kg body mass
available carbohydrate and were matched for energy, pro-
tein, and fat content.

In most studies, GI values were calculated by using the in-
ternational GI tables (38) with additional values based on U.
K. products (39) used by some U.K. investigators (28,31).
Papanikolaou et al. (34) based their GI and GL values on
the average given by the University of Sydney website (40)
(Yianni Papanikolaou, Kunin-Lunenfeld Applied Research
Unit, Baycrest, Toronto, Canada; personal communication).
Benton et al. (30) calculated the dietary GI on the basis of
the amount of rapidly and slowly available glucose as sug-
gested by Englyst et al. (41). In the study by Nilsson et al.
(32), the bread products used were developed as part of
the research protocol and their GI was assessed and com-
pared with that of white bread in healthy young participants.
The GI values of the LGI interventions ranged from 25
to <61 and those of the HGI interventions from >61 to
83. The main findings and outcomes of the studies are sum-
marized in Table 1.

Studies in children

The findings of the reviewed studies were not consistent
across all studies with regard to the effects of meals on CE
In Micha et al. (29), the LGI + high GL (HGL) breakfast
was associated with better performance in the 2 most men-
tally demanding assessments of CF, namely speed of infor-
mation processing and the Serial Sevens task, the HGI
breakfast was associated with better short-term memory
and the HGL breakfast with better inductive reasoning, lead-
ing the authors to conclude that GI “may be differentially as-
sociated with different domains.” In a study by the same
investigators on similar-aged children (28), LGI meals resulted

in a better performance on the Word Generation task, but in
contrast to their previous findings the authors found that HGI
meals led to better performance on the speed of information
processing and the Serial Sevens task, whereas the LGI, HGL
meal improved learning (28).

In the Ingwersen et al. study (24), the results were also
mixed because there was a significant decline in attention
2 h after consumption of HGI cereal and better verbal recall
after the LGI than after the HGI meal. However, the break-
fast GI had no effect on cognitive processing speed in mea-
sures of attention, memory, and working memory. Similarly,
in the Mahoney et al. (25) study, there was improved perfor-
mance in a short-term memory task and a verbal auditory
attention task after the LGI compared with the HGI break-
fast, whereas for unclear reasons girls benefited more from
the LGI meal than did boys. The findings of Cooper et al.
(27) also favored the LGI meal because it appeared to enhance
CF via the improvement of both response times and accuracy
in cognitive tasks, in comparison to the HGI meal and break-
fast omission. In contrast, Smith et al. (26) found that the
HGI group recalled significantly more after a long delay com-
pared with the LGI group and the HGI breakfast was associ-
ated with reduced memory decay of previously learned
materials under conditions of divided attention.

Studies in adults

Kaplan et al. (33) found no differences between meals of dif-
ferent GI in performance in elderly adults. Lamport et al.
(31), who studied whether the GI of the evening meal had
any effects on CF the following morning, also found no sta-
tistically significant differences between the HGI and LGI
evening meals, although they observed a statistical trend fa-
voring the HGI evening meal. On the other hand, the results
by Benton et al. (30), who studied young women, favored
the LGI meals because verbal recall of abstract words ap-
peared to improve throughout the morning after the LGI
breakfast, whereas more concrete words could be recalled
in the late postprandial phase (210 min) after consumption
of the LGI meal. Nilsson et al. (42) also showed that perfor-
mance was better in the late postprandial period after con-
sumption of a LGI than an HGI meal but only in selective
attention. In this study, no significant differences were ob-
served in cognitive reaction time or working memory. Last,
in the study by Papanikolaou et al. (34), which was the only
one performed in adults diagnosed with type 2 diabetes (as
opposed to healthy participants in the other studies), the re-
sults also favored the LGI breakfast because general CF was
better in the postprandial period after the LGI than after
the HGI meal.

Discussion

Opverall, the findings of the studies both in children and in
adults were inconsistent, with some showing benefits toward
either the HGI or the LGI meal, others not finding any differ-
ences between the 2 meals, and yet others showing a positive or
negative effect on performance on only 1 or some cognitive do-
main(s) after the consumption of 1 of the 2 meals. A number
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of possible reasons might explain the inconsistencies between
the studies’ findings and the differences observed between
adults and children, and these are discussed below. First, it
should be noted that, on average, there were ~37 participants
per study, which signifies a low power in most, if not all, stud-
ies. Also, there was a wide demographic variation between the
populations studied (e.g., in age, gender, health status, etc.). In
addition, there were other variations with regard to the meals
provided, the timing of testing, and the blinding of participants
and investigators, which are reported below.

With regard to age, it is known that children are more
susceptible to glucose provision than adults because, per
gram of weight, a child’s brain tissue uses more glucose
than that of an adult and, compared with adults, children’s
brains are relatively bigger and more active per unit weight,
which may make them more responsive to glucose provision
(43). This may partly explain why the findings of the studies
in children and adults differed because if, for children, the
amount rather than the type of glucose is more important,
then the cognitive domains that require a quick release of
glucose would be more likely to benefit from HGI (and/or
HGL) meals, whereas if testing was carried out at a late post-
prandial period, then the LGI meal (ie., slowly released
meal) and the HGL meal (i.e., the meal containing the
most glucose) would most likely be more beneficial because
these meals would provide the brain with the most available
glucose. This points to the necessity of a better understand-
ing of the impact of carbohydrate manipulation on different
cognitive domains because it is clear that they are not all af-
fected in the same way. One way to achieve this would be to
concentrate more on testing 1 specific cognitive domain by
using different cognitive instruments rather than testing
many domains in the same study. Such an approach could
decipher the most sensitive cognitive assessment instruments
for assessing the impact of the quality of the consumed
carbohydrate.

The inconsistencies in the findings might also be due to
the differences in meal composition. For example, in Micha
et al. (29), the energy content of the meals was significantly
different, with the LGI + HGL breakfast having the highest
energy content of all meals—on average, double that of the
HGI + low GL (LGL) breakfast (LGI + HGL vs. HGI + LGL:
502 vs. 240 kcal). It is not known, however, whether the dif-
ference in energy content of the LGI and HGI meals with an
HGL was significant. In the other study conducted by the
same investigators in similar-aged children, the HGL meals
again had a higher energy content than the rest of the meals
(mainly because of differences in carbohydrate, protein, and
fat content) and the energy content of meals also differed
substantially (LGI + HGL vs. HGI + LGI: 470 vs. 276 kcal)
(28). Thus, as the authors themselves pointed out, the differ-
ences in GL cannot be differentiated from the differences in
energy and macronutrient content. However, at least for
these 2 studies, within the same GL group the energy and
macronutrient composition of HGI and LGI meals was sim-
ilar, and thus any GI effects could be differentiated from en-
ergy and macronutrient content differences. In any case,
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there needs to be an account in all studies of not only the
GI but also the GL of the meal as well as the meal’s energy
and macronutrient content (29).

Another possible factor that might have affected the re-
sults may be the individual differences between the partici-
pants’ usual breakfast GI (and GL). At present, it is not
clear if the consumption of meals under experimental con-
ditions can have a different impact on individuals when the
experimental meal is of a similar GI to their usual one as op-
posed to a meal with a higher or a lower GI than the one they
regularly consume. The effect of breakfast consumption per
se, irrespective of GI, on the CF of individuals who usually
skip this meal is also not known. These variables are important
and should be taken into consideration in future studies, given
that meal composition may have an impact on factors such as
fullness, bloating, satiety, meal rating, or even mood, which
subsequently affects motivation and arousal and thus test per-
formance (29). A different experimental approach could have
been to test (in the same participants) meals with a similar GI,
GL, and total energy content as a way to determine the extent
by which the above confounders (e.g., fullness) contribute to
the inconsistency in the findings. In addition to the previous
factors, the timing of testing is equally crucial and could also
explain some of the inconsistencies between studies because
timing in the reported studies varied.

With regard to the adult studies, there are additional rea-
sons that might have contributed to the observed inconsis-
tencies. The first is the variation in the participants’ age; the
second is the participants’ BG regulation and the interaction
with age. Cognition (44) and perhaps glucose tolerance (14)
are affected by age. As shown in a review by Lamport et al.
(14), individuals with poor glucose tolerance benefit more
from glucose consumption than those with better glucoregu-
lation. Moreover, in studies in older adults, glucose is more
beneficial irrespective of their glucose tolerance, but older,
better glucoregulators are more likely to benefit from glucose
consumption than younger ones (14,45,46). On the other
hand, in individuals with good cognition and good glucose
tolerance, glucose consumption could hamper performance
(33). Irrespective of age, however, the cognitive benefits of
glucose consumption increase with worsening glucose toler-
ance (14). These factors are important because in the studies
included in the present review, the age range was very wide
(19-82 y old); and although in all but 1 study (34) the partic-
ipants were healthy, glucose tolerance was not necessarily as-
sessed before enrollment. For example, in the study that
included elderly participants aged 60-82 y, evidence of diabe-
tes (fasting plasma glucose =7.0 mmol/L) was used as an ex-
clusion criterion, but there was no reference that participants
with glucose intolerance or insulin resistance were excluded
(33). Similarly, Lamport et al. (31) excluded diabetes, but
there is no mention of assessing glucose tolerance. Even in
the study in type 2 diabetic participants, there seems to be
a wide variation in glucose tolerance because some of the par-
ticipants were taking oral hypoglycamic agents (2 different
categories) and some were controlled by diet alone (34).
Last, Benton et al. (30) did not refer to glucose assessment



at all as part of the inclusion/exclusion criteria, whereas the
only study that refers to only including participants with
normal fasting glucose was that of Nilsson et al. (32). Al-
though the question being asked in this review is how the
rate of glucose release rather than glucose provision itself
affects CF, there were clearly many differences between partic-
ipants in terms of their glucose tolerance that might in turn
have affected their CE

In addition to these limitations, this review is limited in
that there was much interstudy methodologic variability in
the included studies, which also complicates the extraction
of conclusions (e.g., use of between- or within-subjects de-
sign, the timing of testing, the cognitive domain being ex-
amined, the number and type of cognitive tests used, the
meals provided, as well as the timing of blood samples col-
lected). In addition, studies, with the exception of Lamport
et al. (31), did not control for the previous evening’s meal,
known to affect the glycemic response the next morning
(47,48). Moreover, none of the studies referred to restricting
physical activity the previous day, which is important be-
cause exercise increases glucose muscle uptake (49) and
again could influence the glycemic response to the meals.
Another limitation of all of the studies, except for Micha
et al. (28), is that there was no blinding of the participants
and the investigators to the meal GI. Furthermore, random-
ization was not concealed in any of the included studies. Al-
though due to the nature of the intervention in nutrition
studies (i.e., meals provided), concealment and blinding
may not always be possible, and this is a source of bias.
Thus, it is recommended that in future studies involving di-
etary GI, both the participants and the investigators are
blinded, if the type of meal allows, and standard conditions
are adhered to particularly on the day before the test day, en-
suring that the type and timing of the evening meal con-
sumed is the same and exercise and alcohol consumption
are avoided (50).

Possible mechanisms explaining the effect of dietary
Gl on cognitive function

Even though the findings of the studies were inconsistent,
there are many possible mechanisms that might explain
why altering the dietary GI may affect cognition, although
these are thought to be complex and have not been fully elu-
cidated. A review of the relation of cognitive performance
with postprandial metabolic changes after ingestion of dif-
ferent macronutrients referred to 3 targets with direct or in-
direct influences on CF, as follows: energy supply to nerve
cells, neurotransmitter and hormone modulations, and acti-
vation or deactivation of the nervous system (51). As is
known, the brain is very sensitive to changes in nutrient sup-
ply; nevertheless, it has been suggested that not the amount
of glucose but the BG concentration after glucose delivery is
the most relevant factor in determining the glucose mem-
ory-enhancement effect (8,13). Thus, a potential mecha-
nism in favor of the LGI as opposed to the HGI meal
could be the more constant postprandial BG concentration
associated with the ingestion of the first type of meal. On

the other hand, consumption of an HGI meal leads to a
rapid increase in plasma glucose concentration followed by
a concomitant high insulin response, resulting in a rapid
BG disposal, which may cause the BG concentration to de-
crease to below the fasting concentration in the later post-
prandial period (52). In support of this are the findings of
studies showing that the changes in BG concentration rather
than the absolute concentrations are critical for a modula-
tion of CF (53). Moreover, studies examining the effect of
GI on CF have shown that significant improvements occur
in the late (rather than early) postprandial phase (30,32),
presumably because of the more stable glucose (and insulin)
profile resulting from consumption of the LGI meal.

With regard to hormone modulation, a hormone that
might affect CF both through short- but also longer-term
mechanisms is insulin. It has already been proven that the
more stable postprandial glucose profile characteristic of a
LGI meal is beneficial to whole-body insulin sensitivity
(54). It is also known that the brain contains insulin recep-
tors with important roles in CF that are affected by insulin
resistance (55). As mentioned above, individuals with type
2 diabetes but also those with glucose regulation abnormal-
ities have a higher risk of Alzheimer disease and cognitive
dysfunction (14). It is possible that a LGI diet results in bet-
ter CF in the long term through improvements in insulin
sensitivity. In support of this hypothesis is the finding that
a LGI diet has been shown to improve glucose tolerance
and reduce glycated hemoglobin (HbAlc) and fructosamine
concentrations in diabetic patients (56). These are impor-
tant findings with regard to cognition because, among
others, both hypo- and hyperglycemia as well as insulin re-
sistance and poor glucose regulation are implicated as pos-
sible mechanisms in cognitive dysfunction (15). Moreover,
in patients with type 1 diabetes, better glycemic control
was related to improved cognitive performance as shown
in the 18-y follow-up of the Diabetes Control and Compli-
cations Trial in which the performance on CF tests of those
patients with a time-weighted mean HbAlc of <7.4% was
better than in those with an HbAlc of 8.8% (17). Thus,
the diet’s GI could potentially influence CF both in the short
term through the variation in the rate of glucose release and
in the long term through its effects on the mechanisms link-
ing glucose regulation and cognition.

Another hormone that has been explored as a potential
mechanism linking GI and cognition is cortisol, and its
role has been investigated in a recent study (28). In theory,
a difference between GI and GL should not have affected
cortisol concentration, but it was found that an HGI meal
resulted in higher cortisol concentrations both before and
after the CF tests, suggesting that LGI meals may be associ-
ated with a reduced response to stressful stimuli (28). It was
argued that the lower BG concentration after consumption
of a LGI meal could result in lower activation of the hypo-
thalamic-pituitary-adrenal axis and thus lower cortisol con-
centrations. The outcome was that the participants felt less
stressed or nervous before carrying out the CF tests, which
ultimately improved their performance on memory tests.
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On the other hand, the HGI meal caused an increase in cor-
tisol concentration, and the resulting nervousness is thought
to have led to a better performance on vigilance tasks (i.e.,
how quickly the participants could process information). It
would be interesting to further explore the role of this hor-
mone: for example, in a recent study, greater cortisol re-
sponses during a test were related to enhanced memory in
children 2 wk later (57). The contradictory findings might
be due to the CF being assessed and the type of tests used
to assess it. For example, in the study by Cooper et al. (27),
the higher BG concentrations after the ingestion of an HGI
meal enhanced response times, but resulted in a detrimental
effect on accuracy, thus as explained by the authors, possibly
causing a speed-accuracy trade-off. If stress hormones were
indeed involved in this study, the findings might be explained
by the large body of evidence showing that stress enhances
memory for information that is directly related to the cause
of the stress at the expense of memory for unrelated, periph-
eral details (58). It is clear that further studies are needed to
shed more light on stress hormones as a possible mechanism
with regard to dietary GI and cognition.

Conclusions

The results of the reviewed studies assessing the effect of di-
etary GI on CF were inconsistent. The inconsistencies could
be due to the small number of reviewed eligible studies and
the many methodologic differences between studies (e.g.,
type of design, meal composition, types and timing of CF
tests) as well as the many confounding factors (e.g., age, glu-
cose tolerance), which did not allow for a larger consensus in
the findings. Future studies should aim to use more consis-
tent methodologies and try to eliminate all potential afore-
mentioned confounders, with the most important being
meal composition, type and timing of CF tests, and partic-
ipants studied. There should also be an attempt to identify
specific mechanisms that might link dietary GI and cogni-
tion. In this way, it would be possible to both compare the
findings of different studies but also understand how CF is
(if at all significantly) affected by the manipulation of dietary
carbohydrates. Ultimately, this will allow for the setting of
recommendations on this issue and potentially the develop-
ment of food products aiming to enhance CF. In addition,
the authors believe that it is imperative that future studies
use some of the following recommendations when designing
a study of the effect of dietary GI on CF:

1. Use cognitive/neuropsychological instruments that are
standardized and normed in the studied population so
that the conclusions drawn are more confident and reliable
as well as easily comparable to the greater population.

2. Use cognitive/neuropsychological instruments with high
specificity and sensitivity that are known to detect even
small, but significant for everyday functioning, variations
in cognition. For example, the Trail Making Test, particu-
larly the second part of the test (B) is very sensitive to
even small declines in cognition. Another example is a short
battery of cognitive tests (which includes a variation of the
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Trail Making Test) called MoCA (Montreal Cognitive Assess-
ment) (59), which is used for detecting small cognitive declines
in adults.

3. Concentrate on testing 1 specific domain by using differ-
ent appropriate (see above) instruments rather than assess-
ing many domains with the aim of assessing the effect of
dietary GI on the particular domain.

4. Ensure that the composition of the HGI and LGI meals used
for testing is as closely matched as possible for energy, macro-
nutrients, and fiber to reduce the effect of confounding.

5. Ensure that standardized conditions are adhered to on the
day before the test day. In particular, the participants should
not engage in heavy exercise, should not consume alcohol,
and should consume the same evening meal before each
of the test days if the study has a within-subject design.

6. Ensure that other potentially confounding factors such as
glucose tolerance and medication that affects glucose regula-
tion are taken into account as part of the inclusion/exclusion
criteria and that these are sufficiently assessed. Aim for, as
far as possible, a homogeneous population.

7. Take into account the participants’ usual breakfast com-
position and size because factors such as fullness, bloating,
satiety, and meal rating, as well as whether the participants
usually consume breakfast, might be confounding to the
study’s findings.

Last, the authors suggest that the involved disciplines in-
troduce some common guidelines, perhaps at an interna-
tional conference, to assess and develop a consistent
methodology for researching this vastly important area.
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