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Abstract

Objective: The maintenance of normal blood glucose con-
centrations is a crucial factor to the achievement of a good
health status throughout life. However, the occurrence of
abnormalities in this parameter has become increasingly
common, which can result in several non-transmissible dis-
eases, such as type 2 diabetes and cardiovascular diseases.
Therefore, the purpose of this study was to discuss the role of
protein sources in the glycemic and insulinemic responses.

Methods: In this review paper, we critically analyzed
recently published studies that discussed the role of dif-
ferent protein sources in the glycemic and insulinemic
responses in healthy individuals and in those who have
cardiovascular diseases or type 2 diabetes.

Results: The results of some of these studies suggest
that the daily ingestion of at least one high protein meal
containing low to moderate amounts of carbohydrate
increases insulin secretion and glucose uptake, improving
insulin sensitivity. Furthermore, the results indicate that
these effects are particularly associated with the con-
sumption of animal protein (p.e. hydrolyzed whey pro-
tein), which has a high content of branched-chain amino
acids such as leucine, valine and others such as arginine,
which leads to improvements in insulin secretion and
uptake glucose, since it increases insulin sensitivity. How-
ever, there is still no consensus in the literature about the
quantity and quality of protein capable of reducing or
maintaining blood-glucose concentrations at the desir-
able range, without causing adverse effects. The differ-
ence in the results of the studies may be associated to
methodological problems presented by these studies.

Conclusions: Well designed studies should be con-
ducted to identify the quantity and quality of protein that
can lead to the improvement on blood glucose concentra-
tions, without negative effects to health. These studies
should also identify the mechanisms and the magnitude
by which protein may affect glycemic response.
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IMPACTO DE DIFERENTES FUENTES
PROTEICAS EN LA RESPUESTA GLUCEMICA
E INSULINEMICA

Resumen

Objetivo: El mantenimiento de la glucemia en concen-
traciones normales representa un factor crucial para con-
seguir un buen estado de salud a lo largo de la vida. Sin
embargo, en la actualidad, cada vez son mas frecuentes
las alteraciones de dicho parametro, siendo un factor de
riesgo potencial para el desarrollo de diabetes del tipo 2 y
enfermedades cardiovasculares. En este sentido, el obje-
tivo del presente trabajo fue discutir el papel de difer-
entes fuentes proteicas en la repuesta glucémica y
insulinémica a la alimentacion.

Metodologia: Se ha realizado una revision critica de la
literatura reciente teniendo en cuenta aquellos estudios
que se han centrado en el analisis del papel de las difer-
entes fuentes proteicas en la respuesta glucémica y
insulinémica tanto en individuos sanos como en aquellos
que ya han desarrollado alguna alteracion cardiovascular
o bien presentan diabetes mellitus tipo 2.

Resultados: Los resultados de los estudios cientificos
revisados sugieren que la ingesta de una o mas comidas
con alto contenido en proteinas y un contenido bajo o
moderado de hidratos de carbono, mejora la secrecion de
insulina y la captacion de glucosa, mejorando asi la sensi-
bilidad insulinica. Ademas, la fuente proteica (origen ani-
mal o vegetal) y la composicién aminoacidica de las pro-
teinas ingeridas juegan a su vez un papel importante ya
que pueden dar lugar a efectos diferenciados en la
glucemia y insulinemia. Asi, normalmente aquellos estu-
dios que han utilizado alimentos cuya composicion protei-
ca se basa principalmente en aminoacidos de cadena ram-
ificada como la leucina, valina y otros como la arginina,
han demostrado mejoras en la secrecion de insulina y
captacion de glucosa, favoreciendo una mayor sensibili-
dad a la hormona. Ademas, este efecto se encuentra par-
ticularmente asociado al consumo de proteinas de origen
animal (como las proteinas hidrolizadas del suero de
leche), las cuales presentan un alto contenido de aminoa-
cidos esenciales de cadena ramificada.

Conclusiones: Sin embargo, todavia no hay un con-
senso respecto a la cantidad y calidad proteica capaz de
reducir o bien mantener en equilibrio homeostatico la
concentracién de glucosa con el fin de conseguir un buen
estado de salud sin llegar a producir efectos adversos.
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Abbreviations

CVD: Cardiovascular diseases.

GIP: Glucose-dependent insulinotropic polypeptide.

GLP-1: Glucagon-like Polypeptide-1.

kg: Kilogram.

g: Gram.

BMI: Body mass index.

kg/m?: Kilogram/square meter.

%: Percentage.

mv: milivolts.

BCAA: Branched-chain amino acids.

LEU: Leucine.

CHO: Carbohydrate.

PTN: Protein.

DM2: Type 2 Diabetes.

PEPCK: Phosphoenolpiruvate carboxykinase.

PGC-1a: Receptor and co-activator 1 o of activated
reproducer of peroxisome.

[: Beta.

g/kg/h: Gram/kilogram/hour.

g/L: Gram/liter.

mmol: milimol.

LIP: Lipid.

HDL-c: High Density Lipoprotein-cholesterol.

LDL-c: Low Density Lipoprotein-cholesterol.

Introduction

The maintenance of blood glucose concentration at
the normal range is important to health throughout life.
However, the occurrence of abnormalities in this para-
meter has become very frequent, leading to the meta-
bolic syndrome and the development of several chronic
diseases, such as type 2 diabetes (DM2) and cardiovas-
cular diseases (CVD)."*? It has been claimed that the
level of physical activity, body composition and some
characteristics presented by food (For example: fruit
ripeness, food physical form, processing method and
preparation time, macronutrient contents, etc.) may sig-
nificantly affect the postprandial glycemic response.>*3

Scientific evidences suggest that the ingestion of
high-protein meal, presenting low to moderate quanti-
ties of carbohydrate increases insulin secretion.® This
effect may be attributed to the synergistic effect associ-
ated to increased protein and reduced carbohydrate
ingestion, which result in the improvement of insulin
sensitivity and in glucose uptake. Besides being potent
insulin secretagogues (valine, leucine, isoleucine),
some amino acids stimulate the incretin system: Glu-
cose-dependent insulinotropic polypeptide (GIP) and
Glucagon-like Polypeptide-1 (GLP-1), thus reducing
the speed of gastric leakage, stimulating insulin secre-
tion and inhibiting glucagon secretion.”#*!10!!

Furthermore, some authors suggest that the source
(animal or vegetable) and the amino acid composition
of proteins may also cause different effects on blood
glucose concentration.'? Therefore, the present study

aimed at discussing the role of different protein sources
on glycemic and insulinemic responses, after critical
analysis of studies on this subject already published.

Proteins and Glycemic Response

The intake of normal quantities of protein (0.8 g pro-
tein/kg/day, according to recommendations of the
Institute of Medicine®) stimulates insulin secretion,
and may reduce significantly blood glucose concentra-
tion, depending on the amino acid profile presented by
the protein ingested. This insulinotropic effect is also
frequently observed after the consumption of high
quantities of proteins.'>!* However, there is no consen-
sus in the literature about how much protein would
cause such effect, without affecting health. A study
involving normal weight individuals verified that the
insulinemic response curve was higher as the protein
intake and glycemic response curve were lower in
response to the consumption of breakfast containing
protein/glucose (g) (50/0, 0/50, 10/50, 30/50, 50/50).
However, the gradual increase in protein intake did not
result in a significant increase in insulinemic response. '

In type 2 diabetic people, the increase in insulin
secretion stimulation may be beneficial to hyper-
glycemia reduction, preventing the occurrence of lipol-
ysis and excessive release of fatty acids, thus avoiding
the occurrence of problems related to CVD.' In a pre-
vious study involving non-treated type 2 diabetics,
which used the same protocol adopted by the authors of
the above mentioned study,' the area under the insu-
linemic response curve increased linearly and the
glycemic response decreased according to the quantity
of protein ingested. This demonstrates that insulin
secretion response is much more sensitive to protein
intake by diabetic people.'” However, it is important to
emphasize that, in a long term, the excessive intake of
proteins may lead to the occurrence of renal overload,
development of CVD and osteoporosis.'*!*

Effects on the regulation of blood glucose
concentrations

The insulinotropic effect presented by proteins may
lead to significant increase (over 200%) in insulinemic
response and glucose uptake. This effect has been
observed specially for the consumption of animal pro-
tein (such as whey hydrolyzed protein), which presents
high amount of essential branched-chain amino acids.s*'

Gannon et al.® verified that the intake of a high-pro-
tein (30% of protein) and low-carbohydrate (40% of
carbohydrate) diet, during five weeks, reduced the
postprandial blood glucose concentration in type 2 dia-
betic people and improved the glycemic control, if
compared to the control diet (15% of protein, 55% of
carbohydrate, and 30% of lipid). It is worth stressing
that in this stud,® the consumption of high-protein diet
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during five weeks did not affect the release of creatinin
and urinary microalbumin, which are indicators of
renal function. In spite of the importance of such
results, it cannot affirm that such parameters would
remain unchanged if such diet were applied for a long
period. Furthermore, the participants of such study did
not present homogeneous characteristics of age (39-79
years-old) or body mass index (BMI of 22-37 kg/m?),
which may have influenced the results. It has been
observed that individuals at the age of 60 years and/or
BMI higher than 24.99 kg/m?could have reduced
insulin secretion and tolerance to the blood glucose
level. Anther factor to be considered is that the effect
observed in the blood glucose level was due to the
increased protein intake or reduced carbohydrate in the
diet, or a synergetic effect of both factors.

Weigle et al.™ verified a greater stimulus for insulin
secretion after two weeks of eucaloric high-protein diet
consumption (30% protein, 20% lipid and 50% carbo-
hydrate) compared to the control diet (15% protein,
35% lipid and 50% carbohydrate) in overweight and
obese individuals. This effect was attributed to the
higher ability of proteins to stimulate insulin secretion,
in comparison to lipids. In this work, the quantities of
carbohydrates remained constant in the tested diets in
order to isolate the insulinotropic effect of protein. But,
since this evaluation was not carried out in this study,™
the glycemic response could not be inferred from these
individuals.

It was evaluated the dose-response effect of 0 to 30 g
(0,5, 10 or 30 g) of soy protein concentrate or maize oil
on glycemic response and insulin sensitivity, after the
intake of 50 g of glucose, in non-diabetic individuals
(normal insulinemic and hyperinsulinemic). The con-
sumption of the meals tested did not affect the average
blood glucose level in the groups of normal insuline-
mic and hyperinsulinemic individuals. However, it was
observed a higher reduction (p < 0.05) in the glycemic
response when the dose of 30 g of protein was
ingested.” This is an interesting result, but it must be
emphasized that the meals tested in this study were lig-
uid. Liquid food does not need chewing, and requires
less time to pass through the intestine. Besides, its
nutrients are more bioaccessible and bioavailable,?
which could lead to a bigger postprandial glycemic ele-
vation. Thus, it cannot be determined if these results
could be inferred for solid food.

Some authors** suggest that different proteins may
stimulate the release of insulin differently. The
insulinotropic effect of amino acids may occur because
they allow the entrance of calcium, by a voltage-depen-
dent mechanism related to the depolarization of the cell
membrane. This depolarization occurs when there is a
reduction in cell potassium exit, followed by the open-
ing of sodium channels, leading to an intracellular
increase of sodium and a reduction of calcium efflux.
Consequently, the difference in the membrane poten-
tial reaches O mv. Thus, the channels of dependent volt-
age calcium open up themselves, promoting an

increase in the cytoplasmatic calcium concentration,
which carries on to a maximum insulin secretion. Other
possible mechanisms of amino acid actions also occur
to the blood glucose level, in other words, the stimulus
to insulin secretion does not occur by fixation of glu-
cose to a membrane receptor, but by a receptor that
would be an enzyme of its own metabolism. For exam-
ple, the insulinotropic effects of leucine seems be
related to the glutamate dehydrogenase and dehydro-
genase of branched keto acids.>*

Some authors®* consider that leucine stimulates
insulin secretion, acting both as a metabolic substrate
and allosteric activator of the enzyme glutamate dehy-
drogenase, leading to increased glutaminolysis. Gluta-
mate dehydrogenase is the key enzyme controlling
aminoacids and ammonia metabolism in pancreatic 3
cells, liver, and brain. It is believed that leucine or its
transaminated product, a-ketoisocaproate, regulates
K,,, channel activity and results in increased free
cytosolic Ca**, which triggers insulin secretory granule
exocytosis via mechanisms involving the activation of
some protein kinases and protein acylation.

Another possible mechanism by which leucine can
stimulate insulin secretion is the regulation of gene
transcription and protein synthesis in pancreatic islet §
cells through the activation of the protein serine-threo-
nine (mammalian target of rapamycin-mTOR). The
activation of this protein significantly stimulates the
phosphorylation of p705% and increases protein synthe-
sis in pancreatic 3 cells in a rapamycin-sensitive and
insulin-independent manner at physiological concen-
trations ranging from 0.4 mM to 4 mM.*

It is known that high concentrations of branched-
chain amino acids (BCAA) contribute to the produc-
tion of glucose in the liver (gluconeogenesis), through
the alanine-glucose cycle. The degradation of these
amino acids in the skeletal muscles is connected to the
production of alanine and glutamine, and the mainte-
nance of glycemic homeostasis. This cycle involves a
continuous release of BCAA from the liver and splenic
circulation to the skeletal muscle. The amino acid gain
by the muscular tissue leads to intracellular concentra-
tion increase and stimulates BCAA transamination for
alanine production. This amino acid is released from
the muscle to the blood and is captured by the liver to
participate in the gluconeogenesis, which contributes
to the homeostasis of the blood glucose level. The
amino acids arising from the alanine-glucose cycle,
which serve as the main carbon sources for endogenous
production of glucose, represent about 40% of this pro-
duction during the extended exercise and approxi-
mately 70% after nocturnal fasting.”’

Furthermore, it has been verified the occurrence of a
positive correlation between the postprandial insuline-
mia and the increase of amino acid levels in the plasma.
This effect is more intense in response to the presence of
some specific amino acids, such as: leucine, valine,
lysine and isoleucine. This fact can be explained by
their structure, making digestion easier and resulting in

Protein in glycemic and insulinemic
responses

Nutr Hosp. 2011;26(4):669-676 671



Food Intake
Amino Acids (BCAA in special)

Membrane

o + + +
depolarization
Liver Blood Muscle
Increase of Increase of Increase of
gluconeogenesis plasmatic aa alanine
Activation of
incretin system
INSULIN

GLYCIDIC HOMEOSTASIS

Abbreviations: branched-chain amino acids (BCAA).

Fig. 1.—Schematic representation of glycidic homeostasis mo-
dulated by amino acid ingestion.

faster release of peptides or amino acids bioactive in the
bloodstream, where incretins are activated.”'**' There-
fore, the postprandial metabolic pathway of amino
acids could be a crucial step for the insulinotropic prop-
erties of dietary proteins. A schematic view of such
effects could be observed in the figure 1.

The effects of the hydrolyzed casein and leucine
(LEU) on insulinemia and blood glucose concentration
were evaluated after the intake of three beverages with
different contents: 0.7 g/kg of carbohydrate (CHO) or
0.7 g/kg of CHO + 0.3 g/kg of protein (PTN) or 0.7
g/kg of CHO + 0.3 g/kg PTN + 0.1 g/kg LEU. The bev-
erages were offered to type 2 diabetic people and
healthy controls in three different events, with an inter-
val of at least seven days between the tests. It was veri-
fied a significant increase in the plasma insulin
response after the consumption of beverages CHO +
PTN and CHO + PTN + LEU, corresponding to 141
and 204% in the diabetic individuals. In the control
individuals, this increase was 66 and 221% respec-
tively, if compared with the beverage that contains
CHO (p <0.05) only. There was a significant reduction
of 12 and 15% for the glycemic response in the group
with DM2 and 92, and 97 %, in the controls after the
consumption of beverages CHO + PTN and CHO +
PTN + LEU, respectively (p < 0.05). Although the
insulinemic response is not different among the experi-
mental groups, the blood glucose concentration was sub-
stantially higher in diabetic patients in all classifications,
if compared to the controls (p < 0.01).> The results of
this study indicate that the ingestion of proteins with or
without leucine increases the insulin secretion in dia-
betic and non-diabetic individuals, and lead to a reduced
glycemic response of these individuals.

Another study evaluated the effects of increased
leucine intake in the diet, during 14 weeks, on the
improvement of the glycemic control of rats. It was veri-

fied that leucine supplementation significantly prevented
the hyperglycemia observed after the consumption of a
high-fat diet, which is related to the improvement in
insulin sensitivity and an increase in glucose tolerance,
reduced glucagon concentrations and gene expressions
of glucose-6-phosphatase, phosphoenolpiruvate car-
boxykinase (PEPCK) and peroxisome proliferator-acti-
vated receptor-y co-activator 1o (PGC-1a) involved in
hepatic gluconeogenesis.”

Nilsson et al.” evaluated the effect of different pro-
tein sources (cod fish, milk, whey, cheese) on insulin
secretion in healthy individuals. The quantities of lac-
tose were equivalent to those in dairy meals. Dairy
products, mainly whey, presented more insulinotropic
properties than other proteins probably because the
amino acid composition of such food presents a great
quantity of branched-chain amino acids, which are
potent insulin secretagogue.®!°2!

In a study® involving type 2 diabetic people, it was
evaluated the effect of adding whey, in high glycemic
index meals on insulin secretion and glycemic control.
The evaluation occurred on two different days, with at
least one-week interval, for each person. Two reference
meals were ingested (breakfast — bread, ham and lactose;
lunch — mashed potatoes, meat cakes, ham and lactose)
on the same day, with an interval of four hours between
them. After one-week interval, the individuals received
two test meals, which were similar to the reference
meals, but replaced the protein source by whey. The ref-
erence and test meals were isocaloric. In the end of the
experiment, it was verified increased insulinemic response
both after breakfast (31%) and after lunch (57%) with
the addition of whey. According to the authors, the most
insulinotropic effect observed in breakfast could be
related to the fact that resistance to insulin is higher in the
morning, after a nocturnal fasting, resulting in lower
reduction in blood glucose after the first meal. In addi-
tion, the quantity of carbohydrate provided at lunch was
lesser than in breakfast. It was verified more GIP secre-
tion after the intake of whey. However, the treatments
applied in this study did not affect the GLP-1 concentra-
tions. Therefore, these results demonstrate that whey is
potentially able to reduce glycemic response throughout
the day and, according to the authors, it could be indi-
cated for the treatment of DM2.%

However, it is worth to point out that the participants
of that study” presented a wide range of BMI (26.2 +
3.1 kg/m?) and age (27-69 years). Furthermore, it was
not described for how long they had been diabetic. All of
these factors could cause changes in insulin secretion
and tolerance to glucose. Increased body fat may lead to
hyperinsulinemia or hyperglycemia and aging may be
related to reduced secretion of this hormone.***'* It is
also very important to consider the time of the disease to
evaluate the degree of compromise of pancreatic §
cells and the organism’s capacity to maintain the
homeostasis of blood glucose concentration.

Akhavan et al.*® described the effect of beverages
containing different amounts of whey protein or of a
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single amount of hydrolyzed whey protein associated
with different quantities of whey protein in blood glu-
cose and insulin concentrations in healthy young
adults. These beverages were consumed 30 minutes
before the ad libitum consumption of pizza (experi-
ment 1) or the ingestion of a meal containing a fixed
amount of pizza (12 kcal/kg, experiment 2). The results
of that study indicated that the consumption of rela-
tively small quantities of whey protein before a meal
reduces postprandial glucose and insulin responses.
Although the mechanism responsible for this effect is
still unclear, it may be explained by the effect of pro-
tein on gastric emptying, reducing the postprandial
concentrations of glucose and insulin.

In another study,* the insulinotropic effect of two
milk protein fractions, casein and whey protein, intrin-
sically labeled with L-[1-13C] Leucine was evaluated.
These proteins present high content of BCAA, differ-
ing only in physical-chemical properties. It was veri-
fied that both protein fractions increased plasma
insulin concentrations. In this study, the authors report
that it is unlikely that this insulinotropic effect is asso-
ciated with biodisponibility and the presence of a bal-
anced score of amino acids, because casein and whey
protein were given in large amounts and have a high
digestibility and a well balanced amino acid score.*
However, it is know that casein coagulates when it
reaches the stomach, and its digestion is slower, result-
ing in slower release of amino acids into the circulation
and lower oxidation of plasma amino acids, with
smaller increase in protein synthesis and increase in
inhibition of protein breakdown than what is observed
after whey consumption. On the other hand, whey does
not coagulate and is digested quickly. Thus, there is a
faster release of its amino acids in the blood, resulting
in a stronger plasma insulin response.**

Van Loon et al.”? performed a crossover double blind
study, involving 8 normal weight men, with average
age of 21 + 0.4 years old, to evaluate the insulinotropic
effect of the amino acid or protein mixture co-ingested
with carbohydrate. In each experimental section, after
12 hours of fasting, ten different beverages were
ingested in random sequence, containing 0.8 g/kg/h of
carbohydrate and 0.4 g/kg/h of an amino acid or
hydrolyzed protein mixture. It was verified that the
insulinemic response corresponded positively with the
leucine, fenilalanin and tirosin concentration. Still, it
was evidenced that the protein mixture of hydrolyzed
wheat, free leucine, fenilalanin and carbohydrate
increased significantly the insulin concentration. How-
ever, it is worth stressing that amino acids and proteins in
the isolated form should be used with caution. In this
work, adverse effects were observed in the participants,
such as several diarrheas, mainly after the administration
of 57.1 g/L arginine. The authors suggest that such gas-
trointestinal symptoms seemed to reduce the intestinal
uptake of arginine, because fewer plasma concentrations
of arginine were observed after uptake of beverages with
higher content of this amino acid.

According to some authors, GIP is secreted at the
intestine in response to carbohydrate, lipid and protein
intakes.””** However, Nordt et al.*® did not observe any
effect on the GIP’s response in type 2 diabetics after
intake of high-protein diet.

Johnston & Buller® evaluated the effect of peanut
products as complementary food for the reduction of
postprandial protein. Eleven healthy individuals partic-
ipated of this study (ten women and one man), with
BMI 22.7 £ 1.0 and 27.9 + 2.9 years of age. These par-
ticipants ate two test meals (bagel and juice or chicken
and rice) with and without addition of peanut, in a ran-
domized crossover experimental design. It was
observed that the consumption of peanut reduced the
postprandial blood glucose. This effect was attributed
to the high content of arginine of this oleaginous,
which is a potent secretagogue of insulin. However, it
must also be considered that peanuts present high con-
tents of lipids (about 50%, mainly monounsaturated)
and fibers. These compounds may influence the
glycemic response by slowing gastric emptying and/or
activating the incretine system with consequent reduc-
tion of glucose uptake.®** Furthermore, it is believed
that the physical form of peanuts impedes the complete
breaking/grinding of grains by chewing, which affects
the digestive process. According to some authors, the
absence of rupture of the fibrous cell walls by mechani-
cal processes (chewing), enzymatic and bacteriological
affects the bioaccessibility.*+

According to a review by Brito and Volp,* arginine
was considered the most potent insulin secretagogue
among other nine supplemented amino acids. How-
ever, Gannon et al.* in a research involving nine
healthy individuals (5 men and 4 women, 21 to 52
years of age), which ingested at 08:00 AM 1 mmol
arginine/kg of lean mass or 1 mmol arginine/kg of lean
mass + 25 g glucose or 25 g glucose alone or just water,
in random order, on separate occasions. It was
observed that arginine did not stimulate the secretion of
insulin, but it was verified that this amino acid reduced
the increase of blood glucose when administrated
together with glucose. A difference in gastric emptying
rate could be a possible explanation for these results.
However, the mechanism responsible for such effect
remains unclear, since gastric emptying time was simi-
lar after ingestion of glucose alone or arginine plus glu-
cose. It should be emphasized that the concentration of
arginine (1 mmol arginine/kg of lean mass) ingested
approached the content of a high-protein meal, which
may not reflect a habitual intake.

In a recently published study,* the authors proposed
a new index (Food insulinemic index-FII) for the treat-
ment of diabetes. This new tool considers the effect of
fat and protein on insulin secretion, since these nutri-
ents can affect blood glucose and are not considered in
the daily treatment of diabetes. The study verified that
the consumption of mixed meals presenting similar
contents of carbohydrate produced different insuline-
mic responses in healthy subjects. It was observed that
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low-fat and high-protein meals lead to higher insuline-
mic response. This result corroborates those observed
in the other studies and demonstrates that amino acids
are potent insulin secretion stimulators,'># especially
after the consumption of meals with high carbohydrate
and low fat content. However, according to the authors,
more research is still needed to validate the concept of
FII and to evaluate its ability to predict the relationship
between diet and disease.

Possible adverse effects

The increase in protein consumption has been con-
sidered a new alternative for the treatment of diabetes
mellitus. However, it must be considered that there
may be consequences related to the long term protein
supply. The increased consumption of food of animal
origin, the main source of this macronutrient, is usually
connected to higher intake of lipids, mainly saturated,
and cholesterol and a lower intake of fibers, which
could result in increased CVD risk.'s#

Furthermore, protein intake above the organic needs
leads to increased catabolic reactions of its amino
acids, increasing the production of byproducts (urea,
adenosine triphosphate, carbonic gas, glucose, acetyl
Coenzyme A and ketone bodies). Some of them may
bring adverse effects to the organism, such as renal
overcharge, blood ketosis and CVD.#% Therefore, the
recommendation of high-protein diet intake by diabetic
individuals has still been discussed by researches.

Verhoef et al.'® conducted a randomized, controlled,
crossover trial that involved twenty health men, aged
18-44 years, which were kept under free-living condi-
tions, and were divided into two groups. In that study,
each man underwent two dietary treatments: a high-
protein diet and a low-protein diet. Each treatment
period lasted 8 days, and the intervening washout
period, during which the men consumed their habitual
diet, lasted 13 days. After the washout period, the treat-
ments were reversed. It was verified that the high-pro-
tein diet (21% of protein) led to increased homocys-
teine plasma concentrations throughout the day and
after 1 week of habituation. However, in fasting condi-
tion, the concentrations were not affected, indicating
that concentrations had returned to baseline levels after
an overnight fast. This fact is consistent with the four
hours half-life that has been reported for homocysteine
in humans. High concentrations of postprandial homo-
cysteine have been considered a risk factor for CVD.¥

In a study with healthy individuals, it was verified
that the consumption of high-protein diet, in relation to
a hyperglycemic diet, results in increased concentra-
tions of high-density lipoprotein-cholesterol (HDL-c),
and no effects in the risk marker of CVD, such as reac-
tive C protein’, were observed. Similarly, Farnsworth
et al.® observed a decrease in fatty acid concentrations,
triglycerides, low-density lipoprotein-cholesterol
(LDL-c) and increased HDL-c. Parker et al.* verified

reduced total cholesterol and LDL-c concentrations
after individuals ate a high-protein diet rich in monoun-
saturated lipids.

On the other hand, according to review performed by
Halton & Hu," there are evidences that high-protein
ingestion leads to renal overcharge, which results in
increased glomerular filtration and increased risk of
kidney stone. However, this renal change has not been
always identified. Gannon et al.® evaluated the con-
sumption effects of a diet with high content of protein
(CHO: 40%, LIP: 30%, PTN: 30%) and other normo-
proteic (CHO: 55%, LIP: 30%, PTN: 15%), for five
weeks, in non-treated diabetic individuals. In that
study, it was verified a significant decrease in the
triglyceride concentrations (20%) and total cholesterol,
without any changes in the fractions of HDL-c and
LDL-c. It was not verified change in the indicators of
renal function (microalbumine and clearance of creati-
nine), either. However, these results must be carefully
analyzed, since the patients were under medicine treat-
ment for lipid control. Thus, long-term studies must be
performed in order to investigate the effects of the con-
sumption of a high-protein diet on the renal function.

Similar results were observed in another study, in
which 18% versus 30% of proteins were ingested dur-
ing nine weeks. In this study, it was not verified any
change in the renal function. On the other hand, benefi-
cial effects were observed related to weight reduction
and body fat, which could be considered indicators of
improvement in cardiovascular health.* In another
study, the consumption of a high-protein diet (27%),
containing vegetable protein (wheat gluten), during a
month, provided reduced oxidated LDL-c concentra-
tions, triglycerides and uric acid, without affecting the
release of creatinine.”'

Meanwhile, according to Barzel & Massey® and
Massey,” the excessive consumption of protein in such
diet may cause hypercalciuria, which may affect bone
health. To Massey,* the effects of animal or vegetable
protein on urinary calcium and bone metabolism may
be influenced by other nutrients, such as soya
isoflavones, vitamin D, caffeine and salt.

During twenty weeks, in a work with Sprague
Dawley rats, the consumption of high-protein diets
(6% of casein + 24% of a protein source) demon-
strated that diets with soy and beef did not affect cal-
ciuria, in opposition to the diets with lactalbumin,
egg, gelatin and casein. All diets presented equivalent
quantities of magnesium, phosphor and calcium.®
According to the authors, high-protein diets increase
the glomerular filtration, thus contributing to higher
loss of calcium. In addition, the end products of
amino acid catabolisms, such as sulfate, oxalate and
sodium may hinder or compete with dietary calcium
renal re-absorption, which promotes the loss of this
macronutrient through the urine. A significant corre-
lation was observed among these parameters (sulfate,
oxalate and sodium) and the excretion of urinary cal-
cium.” However, according to Bell et al.,* bone re-
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absorption does not seem to be affected by high pro-
tein consumption when the intake of calcium and
phosphor is adapted. However, Allen & Hall* declare
that rats are not appropriate animals for this type of
study, since they excrete a low percentage of calcium
from the diet through the urine.

Notwithstanding, the evidences from studies with
human beings are still insufficient to evaluate the pos-
sible renal changes connected to the high-protein diet
intake, mainly in relation to protein of animal origin.
Thus, further studies are necessary to find out the long-
term effects of the increase of this macronutrient on
daily nutrition, especially for susceptible groups, such
as diabetics and individuals with organic disorders,
mainly renal diseases.

Conclusion

Results of short-term studies have evidenced several
beneficial effects of the intake of diets with high con-
tent of proteins (22 to 30% of daily calorie intake) from
different sources (animal or vegetable) on glycemic
control. However, long-term clinical tests are still
necessary for further knowledge about the conse-
quences of high protein consumption for the renal
function, bone health and CVD development risks. The
results of the mentioned works also suggest that the
consumption of proteins of high biological amount,
such as those of animal origin, mainly whey, which is
rich in branched-chain amino acids, presents beneficial
effects on glycemic homeostasis, resulting in increased
insulin secretion and glucose gain by cells.

However, the results of the studies in which the
effects of quantity and quality of proteins on glycemic
response were evaluated are very controversial. The
methodological problems they presented may be the
cause of divergences. Thus, well-controlled studies are
necessary, with the participation of individuals that
have presented such diseases for a long time (for dia-
betics), with homogenous age and BMI, to avoid dif-
ferences in secretion and/or insulin resistance that
affect the glycemic response differently. Furthermore,
the carbohydrate content in the tested diets will be
maintained constant to prevent differences in the con-
tent of this macronutrient from affecting the blood glu-
cose concentration and the results. The tested diets
should not differ in consistency, since liquid diets do
not require chewing and could present faster intestinal
transit and absorption, resulting in more postprandial
glycemic increase, in comparison to diets with solid
consistency.

Therefore, we conclude that studies without the
interference of confusing factors, such as those above
mentioned, are necessary to identify the mechanisms
and magnitude of protein effects on glycemic response,
and identify the quantity and quality of this macronutri-
ent to be ingested for the achievement of beneficial
effects, without harm to health.
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