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ABSTRACT

Recently, the lack of studies providing practical guidance for the use of the glycemic index has been indicated
as the cause of its little use in nutrition education. The aim of this study is to give instructions on the use of the
glycemic index as a tool to be used in nutrition education to estimulate the consumption of low glycemic index
foods. Studies published over the past 12 years, in addition to classic studies on this topic, found in the
databases MedLine, ScienceDirect, SCiELO and Lilacs exploring the importance of the glycemic index and the
factors that affect the glycemic index were selected for this article. The preparation of lists grouping foods
according to their glycemic index should be based on information found in tables and specific web sites. This
is an interesting strategy that must be very carefully conducted, considering the eating habits of the assisted
people. To reduce the postprandial blood glucose response, high glycemic index foods should be consumed in
association with the following foods: high protein and low fat foods, good quality oils and unprocessed foods
with high fiber content. Caffeine should also be avoided. The glycemic index should be considered as an
additional carbohydrate-selection tool, which should be part of a nutritionally balanced diet capable of promoting
and/or maintaining body weight and health.

Indexing terms: Chronic disease. Food and nutrition education. Blood glucose. Glycemic index.

RESUMO

Recentemente, a falta de artigos que visam fornecer orientacdo quanto ao uso do indice glicémico foi apontada
como causa de sua baixa utilizacdo na educacado nutricional. O objetivo do presente trabalho é oferecer suporte
para o uso do indice glicémico como ferramenta a ser adotada na educacdo nutricional, para estimular o
consumo preferencial de alimentos que apresentem menores valores nesse indicador. Foram selecionados
estudos publicados nos ultimos doze anos, além de estudos cldssicos referentes ao tema, indexados nos bancos
de dados MedLine, ScienceDirect, SciELO e Lilacs, que exploraram a importancia do indice glicémico e os
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fatores que interferem em seu valor. A elaboracdo de listas agrupando os alimentos sequndo o indice glicémico
deve ser feita com base nas informacées encontradas em tabelas e sites especificos. Essa é uma estratégia
interessante que deve ser conduzida de maneira criteriosa, considerando-se os habitos alimentares do publico
assistido. Para resultar em resposta glicémica pds-prandial mais baixa, os produtos de alto indice glicémico
devem ser ingeridos em associacdo com alimentos ricos em proteina e pobres em gordura, com ¢leos de boa
qualidade, com alimentos menos processados por ricos em fibras, evitando-se os com alto teor em cafeina. O
indice glicémico deve ser considerado uma ferramenta adicional para a escolha de alimentos fonte de
carboidratos, os quais devem ser incluidos em uma dieta nutricionalmente equilibrada, capaz de promover

e/ou manter tanto o peso corporal adequado quanto a saude.

Termos de indexacdo: Doencas cronicas. Educacdo alimentar e nutricional. Glicemia. Indice glicémico.

INTRODUCTION
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The Glycemic Index (Gl) was developed at
the beginning of the 1980s by Jenkins et al.", and
is used to classify the quality of dietary
Carbohydrate (CHO). The Gl of a food is determined
by comparing the its impact on the postprandial
blood glucose level to this same type of response
obtained from a reference food?.

In the laboratory, Gl is determined by the
relationship between the incremental area under
the Blood Glucose Response Curve (IAUC) of the
test food/meal and the IAUC of the reference food
(white bread or glucose). Blood glucose response
is assessed after the ingestion of a portion of the
test or reference food, normally containing 25 or
50g of available carbohydrate. The available
carbohydrate content can be determined by
subtracting the total fiber content from the total
carbohydrate content of the food or meal. The
equations used for calculating the Gl are®:

Available carbohydrate (g) = Carbohydrate
(g) - Dietary fibers (g)

Gl = test food IAUC X 100
reference food IAUC

Total

The glycemic index of meals can also be
estimated by equations that consider the total
available carbohydrate of the meal, the
percentage contribution of the available
carbohydrate content of each food of the meal
and the Gl of each food, as described below?*:

Gl = Y relative Gl of each food of the meal

Relative GI of the food
available CHO (g) X Gl of the food

available CHO of the meal (g)

The glycemic index has received and
maintained the interest of academics and
dieticians worldwide since its development®. Many
internationally relevant agencies, like the Food and
Agriculture Organization (FAO)?, European
Association for the Study of Diabetes® and
National Health and Medical Research Council of
Australia’ have recommended the consumption
of low Gl foods/diets to improve health. This
recommendation is based on the establishment
and diffusion of more appropriate methods for
determining GI?3#, including more accurate
determination of available carbohydrate content?,
and the existence of studies that consolidate the
importance of consuming low Gl diets for
preventing and treating diseases such as type 2
diabetes, cardiovascular diseases, obesity and
some types of cancer'®'3,

Despite the Gl importance, the current
barriers preventing the widespread use of this
important education tool are the complexity of
the associated concepts and the difficulties related
to its use®. Recently, emphasis has been placed
on the need of publishing studies that provide
instructions for its use, so scientific knowledge
about the Gl can be disclosed in a way that
ensures its clinical use®. Therefore, the purposes
of the present study are to synthesize the main
points regarding the use of the Gl and to provide
information for its use in nutrition education in a
way that encourages people to select foods that
have a lower impact on blood glucose level.

METHODS

The electronic databases MedLine,
ScienceDirect, SciELO and Lilacs were searched
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for studies published within the last 12 years that
explored the importance of using the Gl and
reported the main factors that influence the Gl.
Studies published before this period were included
if newer scientific evidence were not available and/
or when their scientific relevance justified the
inclusion. The main terms used for the search
were: glycemic index, glycemic response, glycemic
control, blood glucose, nutrition education,
diabetes mellitus, chronic diseases.

This article contains the following sections:
“Use of tables and sites for selecting foods
according to their glycemic index”; “Factors that
affect the glycemic index of foods”; “Use of the
glycemic index in nutrition education”; and
“Conclusions”.

The glycemic index values indicated in this
article are presented as mean + standard
deviation, considering glucose as the reference
food™.

RESULTS AND DISCUSSION

Use of tables and sites for selecting
foods according to their glycemic index

Knowing the impact that a food has on
blood glucose level is an important step in
nutrition education. Therefore, Gl tables and sites
may be used to create foods lists according to Gl.
These tables and sites were generated to avoid
the unnecessary repetition of tests to determine
the Gl of foods, to facilitate the use of Gl in studies
and to inform the population about these values.

The most complete table currently available
was created by Atkinson etal.™. It contains data from
205 studies published between 1981 and 2007.
It also contains data from unpublished studies in
which the obtained Gl values were based on the
necessary methodological rigorousness. The Gl
can also be accessed through the site <www.
glycemicindex.com>, which was created by The
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University of Sidney'®, Australia. By clicking on “Gl
data base” and writing the name of the food in
English, it is possible to find the Gl of all foods
that contain the written word in their name. The
great advantage of using this site is that its data
are constantly updated, so one can find the Gl of
foods that have not yet been published.

Some considerations must be made about
the use of these Gl tables and sites in nutrition
education. Gl may vary depending on the country
in which the food was cultivated or produced. As
an example, the Gl of bananas varies from 475
for those grown in Australia to 70+5 for the ones
from South Africa. For this reason, whenever
possible, to increase accuracy one should prefer
to use the values obtained for foods from his/her
home country, as long as the Gl has been
determined in at least 10 non-diabetic individuals,
as recommended by FAO?'. Hence, international
references should only be used when the domestic
sources are not based on studies that used
methodological rigorousness or when the Gl of
the food in question is not found.

A glycemic index table was constructed in
Brazil by researchers from the University of Sdo
Paulo™. This table contains the Gl of some of the
most consumed preparations in the country
according to the Family Budget Survey (Instituto
Brasileiro de Geografia e Estatistica)'®. It can be
found at <www.fcf.usp.br/tabela>". However,
since this table is still under construction, the
number of listed foods is still small.

The creation of Gl lists for nutrition
education should be based on a previous selection
of the carbohydrate source foods that are most
consumed by the population of interest. Next, one
should thoroughly search the Gl of these foods.
Foods should then be listed according to food
group and Gl classification. Thus, using glucose
as the reference food, the Gl of foods or meals is
classified as low (Gl<55), medium (56<Gl<69) or
high (GI>70)™. Chart 1 shows an example of such
a list, which was created based on the most
consumed Brazilian foods.
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Chart 1. Classification of foods according to their glycemic index.

Classification of foods

Low glycemic index

Medium glycemic index

High glycemic index

Breads, cookies, cakes and the like

2 QOat, bran

2 Qat, flakes

b Banana cake

b Carrot cake

b Chocolate cake

@ Cornstarch cookies

@ Granola

2 Whole light bread loaf

Milk, dairy products and the like

5 Whole milk

b Skim milk

b Soy milk

¢ Fermented milk

2 Whole powdered milk
b Fruit yogurt

Fruits and juices

2 Mulberry

b Dried plum

2@ Banana (prata) and mysore
b Orange

2 Fuji apple with peel
@ Papaya

b Mango

a Strawberry

¢ Pear

b Apple juice

Nuts and the like

¢ Peanut
¢ Cashew nut
2 Cooked pine nuts

Vegetables

@ Manioc, flour
b Cooked carrot
b Vegetable soup

Grains and preparations

2 White rice with beans
b Barley

b Pea

2 Carioca beans

@ Chickpea

b Soybean

b |asagna

b Lentil

@ Pasta (spaghetti)

b Whole pasta (spaghetti)
2 Cooked pine nuts

Sugars, beverages and desserts

b Canned pineapple
b Chocolate

b Strawberry jam

b Canned peaches
b Sweet popcorn

b |ce cream

b Cookie with wheat flakes
b Oat flake porridge
2 Regular bread loaf

2 Pineapple

2 Banana (nanica)

€ Apricot

¢ Orange juice without added sugar

b Cooked squash
b Cooked sweet potato
a Cooked arracacha

2 Cooked polenta (angu)

¢ Condensed milk

5 Honey

¢ Marshmallow

¢ Banana pie (without added sugar)
b Sucrose (table sugar)

€ Honey cookie

¢ Cream cracker

b |ced cupcake

¢ Cornmeal cake

b Breakfast cereal made from corn
b Instant oat porridge

2 Instant porridge (rice and oat)
€ Fruit cake with cinnamon

2 French roll

€ French roll with chocolate

¢ Berliner doughnut (bakery)

¢ Rice milk

b Watermelon

2 Cooked potato

b Cooked manioc

€Yam

@ Cooked and seasoned white rice
b \Wheat pancake

b Smashed potatoes

¢ Mozzarella pizza

¢ Cooked tapioca

b Glucose

¢Iced doughnut
¢ Energy drinks
< Jujube
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Source: 2University of Sdo Paulo™®; PAtkinson et al.™*; The Universidade of Sydney'®.
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Factors that affect the Gl of foods

The inclusion of high protein, fat or fiber
foods in high-carbohydrate meals tends to reduce
their impact on postprandial glycemia, reducing
their GI.

Proteins reduce postprandial blood glucose
level by slowing gastric emptying and stimulating
the secretion of incretins and of insulin?°. On the
other hand, fat tends to reduce blood glucose
response because they reduce gastric emptying
rate?’. The effect of soluble dietary fibers and,
more recently, of insoluble dietary fibers, stems
from the stimulation of incretin secretion,
reduction of gastric emptying rate and reducing
the availability of carbohydrates for absorption
due to fiber-glucose binding??.

Given the above, the inclusion of high
protein foods, such as milk and dairy products,
lean meats, gelatin, egg whites and legumes, can
be an interesting strategy for controlling the
impact of carbohydrate foods on postprandial
blood glucose level?92324 Similarly, the inclusion
of high-fat foods, such as nuts and peanuts, in
high-carbohydrate meals, and the of oils that
are good source of polyunsaturated and
monounsaturated fatty acids, such as olive oil, to
high-Gl foods, such as potatoes (GI=78+4) or
manioc (GI=94+11), may be healthy alternatives
for reducing their Gls. The consumption of high
fiber foods, such as fruits, vegetables, legumes
and some types of grains, such as oats, should
also be encouraged, because of their ability to
reduce postprandial blood glucose level®>?¢, The
consumption of beans in association with white
rice (IG=73+4) or the inclusion of oat bran or
legume flours in meals may also help to reduce
postprandial blood glucose level because of their
high fiber content.

Also, the ways in which foods containing
carbohydrate are presented, processed and
prepared may also influence their Gl. The intake
of solid foods tends to have a smaller impact on
blood glucose level than fluid foods, so people
should always prefer the former. Some examples
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are cooked potatoes (GI=78+4) versus mashed
potatoes (GI=87), and orange (Gl=43+3) versus
orange juice (GI=50+2). Although the difference
between the Gl of a solid and fluid food is small,
the differences add up and may have an important
effect on daily dietary GI.

The different ways of processing starch
also affects postprandial blood glucose level. As
the degree of processing or hydrolyzation
increases, so does the access by digestive
enzymes, increasing the rate of digestion and
absorption?’. Hence, one should always prefer
unrefined products, such as whole rice or bread,
cookies and cakes made with whole wheat flour.
Instant foods or those high carbohydrate foods
that can be prepared very quickly should be
avoided.

Hydration causes starch gelatinization,
which eases its digestion. This process depends
on the amount of water used, the period of time
in which the food is cooked, and temperature
used. The use of high temperatures for prolonged
periods associated with excess water destroys the
granular structure of starch and increases its
digestibility and impact on blood glucose level?”.
Thus, foods should be cut in bigger chunks for
cooking, avoiding cooking excessively and using
the minimal amount of water. Yams cooked
without water resulted in lower blood glucose
responses and Gls compared with those cooked
in water?®, Cookies have a high content of less
digestible starches?°.

On the other hand, lowering the
temperature after the starch is hydrated leads to
a phenomenon called retrogradation, which
changes its conformation and makes it more
resistant to digestion. Therefore, cooling foods
reduces the amount of digestible starch. However,
the time necessary for this change in
conformation, the degree of resistance to
digestion and reversibility of the process will
depend on the type of structure presented by the
starch®°.

Starch consists of two basic structures,
amylopectin, with branched glucose chains joined
by glycosidic bonds of the type o (1—4) and o
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(1—6), and amylose, with linear chains joined by
o (1—4) bonds. While for amylose the formation
of resistant starch is irreversible, for amylopectin
resistant starch can be reverted in excess water
and temperatures above 70°C3°. For this reason,
different foods may show distinct behaviors when
heated. This has been demonstrated by a Brazilian
study that reported a significant reduction in the
Gl of legumes (beans and chickpeas) after cooling.
However, the Gl of pasta and polenta (coarsely
or finely ground yellow or white maize) did not
change after cooking, freezing and reheating?'.

The presence or addition of enzyme
inhibitors, phytosterols, organic acids and resistant
starch to foods/meals may help to reduce blood
glucose response and their Gl. The addition of
o-amylase inhibitors extracted from white beans
reduced the Gl of white bread®. Isoflavones, a
type of phytosterol found in soybeans, are capable
of reducing postprandial blood glucose level by
mechanisms that are not yet clear®®. The addition
of organic acids to meals, regardless of whether
or not they were produced by fermentation
(example: acetic acid from vinegar, citric acid from
lime, lactic acid from yogurt) may also help to
reduce blood glucose response343>, Resistant
starch, which does not increase blood glucose
level, is present in flours such as green bananas
flour. This type of flour can be used to replace
other sources of available starch?®. Knowing these
factors, scientists and the food industry can work
together to produce healthier foods, which have
lower Gl.

Caffeine on the other hand is responsible
for increasing the blood glucose response after
the doncumption of subsequent meals®’.
Therefore, the ingestion of high caffeine content
beverages, such as coffee, teas and sodas, may
increase the Gl of foods. For that reason, they
should be avoided.

The cultivar, species and degree of
maturation are also factors that may affect Gl.
The Gl of bananas change according to these
parameters. While one Brazilian type of banana
(banana prata) has a Gl of 27, the mysore has a
Gl of 49 and the common banana (nanica) has a

Gl of 61'°. Furthermore, unripe fruits have a lower
impact on blood glucose level than ripe fruits3.
However, in general fruits have lower Gl.

Use of the glycemic index in nutrition
education

The GI should be considered as an
additional tool for choosing dietary carbohydrate
sources to be included as part of a nutritionally
balanced diet, capable of promoting and/or
maintaining appropriate body weight and
health'®. These carbohydrate sources can be
important sources of vitamins, minerals and other
components essential to health, such as
phytochemicals and antioxidants®. Note that the
intake of foods that are not very nutritious, such
as soda (GI=59+£3), popcorn (Gl=65+5) and
chocolate (GI=40+3), should be avoided,
regardless of their medium (soda and popcorn)
or low (chocolate) Gl values. Hence, choosing
foods to be part of a healthy diet cannot be based
only on their Gl.

As mentioned earlier, another important
consideration is that the Gl can be affected by a
number of factors. It is possible to use these
factors for reducing the impact of high-Gl foods
on postprandial blood glucose level. This
information deserves to be emphasized because
high-Gl foods can be included in the diet.
However, these foods should be consumed in
association with other foods of good nutritional
quality that help to reduce postprandial blood
glucose level. White rice is a food with high Gl
consumed daily by most Brazilians. However, its
consumption in associated with beans, helps to
reduce postprandial blood glucose level since
beans have a high content of fibers and protein.

Although the intake of foods/meals that
cause a smaller increase in blood glucose level is
often preferable (foods with low Gl), in some
situations, for example, hypoglycemia or for the
maintenance/recovery of glycogen storages in
athletes, the consumption of foods/meals that
favor an increase in blood glucose levels may be
indicated® %1,
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CONCLUSION

Lists of the glycemic index should be
created and used in nutrition education. These
lists should be based on information taken from
reliable tables and sites, and should contain the
foods most commonly consumed by the
population. People should be advised to select
lower Gl foods and to prepare them in a way that
will avoid high increases on their blood glucose
levels. Whole foods should be preferently
consumed instead of refined foods, purees and
juices. Moreover, foods should not be overcooked,
water should not be used in excess and high
temperatures should be avoided. Cooked legumes
should be frozen. High Gl foods should be
consumed in association with those of good
nutritional quality, such as lean protein and olive
oil, which are capable of reducing the blood
glucose level. The intake of high-caffeine foods
should be made with caution to avoid steep rises
in blood glucose level.
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