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Long-term consumption of a high-protein diet could be linked with metabolic and clinical problems, such as loss of bone mass and renal

dysfunction. However, although it is well accepted that a high-protein diet may be detrimental to individuals with existing kidney dysfunction,

there is little evidence that high protein intake is dangerous for healthy individuals. High-protein meals and foods are thought to have a greater
satiating effect than high-carbohydrate or high-fat meals. The effect of high-protein diets on the modulation of satiety involves multiple
metabolic pathways. Protein intake induces complex signals, with peptide hormones being released from the gastrointestinal tract and blood
amino acids and derived metabolites being released in the blood. Protein intake also stimulates metabolic hormones that communicate

information about energy status to the brain. Long-term ingestion of high amounts of protein seems to decrease food intake, body weight, and

body adiposity in many well-documented studies. The aim of this article is to provide an extensive overview of the efficacy of high protein
consumption in weight loss and maintenance, as well as the potential consequences in human health of long-term intake. Adv Nutr 2015;6:260-266.
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Introduction

The protein content of a diet can be considered in terms of
the absolute amount consumed, the proportion of total en-
ergy intake, or the amount of protein per body weight.
High-protein diets are used for weight loss and mainte-
nance, muscle hypertrophy, and postexercise recovery. The
optimal dietary protein intake has been analyzed for over
a century. For that reason, several studies involving animal
feeding behavior have been carried out to help nutritionists
understand and design human protein intake recommen-
dations. Thus, detailed studies by human and animal nu-
tritionists have yielded a vast amount of information for
deriving dietary recommendations for human health (1).
As observed in human beings, animal protein intake recom-
mendations can vary in different stages of their lives. For ex-
ample, adult butterflies feed only on nectar, and protein
requirements cannot be achieved. Therefore, in the larval
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stage, the caterpillar must make sure that it acquires enough
protein not only to satisfy its immediate needs, but also
its future needs (1). However, there has been a huge con-
troversy surrounding optimal dietary protein intake, with
contradictory publications on the clinical and metabolic ef-
fects of protein intake and the real needs of the human body.
Toward the end of the 19th century, protein requirements
were calculated simply by estimating the population’s
mean protein intake, resulting in a recommended dietary
protein intake of 118 g/d for adults of average weight and
moderate activity level (2). Later, during the 20th century,
these values for protein intake were questioned with the
use of the novel nitrogen balance technique (3). The re-
searchers using this technique concluded that just half of
the 118 g protein/d would be enough to meet all the human
body protein requirements. Moreover, it was stated that even
smaller amounts would be enough for people “not leading
an active out-of-door life” (3). After reviewing the evidence
from nitrogen balance studies, the FAO/WHO/UN Uni-
versity Expert Consultation on Energy and Protein
Requirements published a report in 1985 (4). This report
concluded that the mean protein requirement should be
setat 0.6 g/(kg - d), with no differences in recommendations
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for men and women and higher requirements for the el-
derly, because protein utilization is less efficient for them
(4, 5). Currently, the Institute of Medicine has set the rec-
ommended daily intake (RDI)” for protein at 0.8 g protein/
(kg body weight - d), covering the requirements of 97.5%
of the population (6). With the indicated dosage, no kidney
problems have been shown in healthy individuals; however,
people with kidney disease should reduce their protein
consumption.

However, because the acceptable macronutrient distribu-
tion range (AMDR) set by the Institute of Medicine is 10—
35% of total energy intake, intake values over 35% should
be considered to be high-protein diets (6). It is important
to note that the quantity of protein that should be consumed
to achieve optimal muscle and bone health seems to be dif-
ferent than the requirement to prevent a deficiency (7). In
fact, dietary proteins have many other functions besides
synthesizing body proteins. They play an important role in
satiety, cellular signaling, and thermogenic and glycemic
regulation in the body, and, interestingly, it is when protein
intake is above the RDI when these metabolic processes are
most evident (8). The Institute of Medicine has not estab-
lished a protein tolerable upper intake level because of insuf-
ficient scientific evidence. However, the risk of adverse
effects for the healthy population at the upper level seems
to be very low (9). At any rate, the AMDR upper value of
35% does not match the RDI of 0.8 g/(kg - d) given that,
if a 70-kg man consumed 2500 kcal/d and 35% of that
came from protein, he would be eating ~219 g protein/d,
or ~3.0 g/(kg - d), which is almost 4 times the RDI for pro-
tein. Thus, a moderate consumption of 1.5 g/(kg - d) can be
included in the acceptable protein intake range for most
individuals.

Although it is believed that there is no risk of adverse ef-
fects when healthy people consume high-protein diets, the
lack of long-term studies should be taken into account. All
these findings highlight the importance of analyzing the
effect of long-term high protein intake on human health.
However, high-protein meals and foods are thought to
have a greater satiating effect than high-carbohydrate or
high-fat meals. For that reason, the aim of this manuscript
is to provide an extensive overview of the role of high-protein
diets in weight loss, because they have been shown to have a
satiating effect through several metabolic pathways. Further-
more, the role of long-term high dietary proteins in bone
health and kidney damage will be thoroughly discussed.

Methods

Published data for this review were identified by search and selection in the
PubMed database. Reference lists from relevant articles and reviews of high-
protein diets and nutritional adequacy published up to July 2014 were also
used. A combination of keywords such as “high-protein diet,” “weight loss,”

“bone health,” “kidney damage,” and “satiating effect” were used. The

5 Abbreviations used: AMDR, acceptable macronutrient distribution range; BMD, bone
mineral density; CKD, chronic kidney disease; GLP-1, glucagon-like peptide 1; GFR,
glomerular filtration rate; IGF-1, insulin-like growth factor 1; NTS, nucleus tractus solitarius;
PYY, peptide YY; RDI, recommended daily intake.

search was narrowed to studies published in English and Spanish and con-
ducted in either humans or animals. Bibliographies of all selected articles
and review articles of high-protein diets and/or human health were checked
for other relevant articles.

Physiology of Satiety by Dietary Proteins
High-protein meals and foods are thought to have a greater
satiating effect than high-carbohydrate or high-fat meals;
however, the poor palatability of proteins does not seem
to be the main mechanism explaining this fact. Protein in-
take induces complex signals, with peptide hormones being
released from the gastrointestinal tract and blood amino
acids and derived metabolites being released in the blood.
Protein intake also stimulates metabolic hormones that
communicate information about energy status to the brain
(10). These signals often are disconnected from the hedonic
components of feeding that involve peripheral sensory com-
ponents. They also involve brain regions influencing reward
and motivation, such as the mesolimbic system and nucleus
accumbens. However, it is difficult to understand the precise
function of each pathway because of the complex integration
of signals (10).

Gastrointestinal Satiety Hormones

The most important satiety signals generated in the gastro-
intestinal tract are cholecystokinin in the duodenum, pep-
tide YY (PYY), which is secreted by L cells in the distal
segments of the gut, and glucagon-like peptide 1 (GLP-1)
in the ileum (Table 1).

Cholecystokinin. Secreted by duodenal and ileal cells when
nutrients enter the lumen, cholecystokinin causes the release
of digestive enzymes and bile from the pancreas and gall-
bladder, respectively (Table 1). It also binds to specific recep-
tors (cholecystokinin-1R) located on vagal sensory terminals
transmitting to the nucleus tractus solitarius (NTS), leading
to a sensation of fullness. Some experiments have shown
that exogenous cholecystokinin elicits satiety and reduces
meal size in different species (11). Intravenous infusion of
physiologic doses of cholecystokinin-33 in humans signifi-
cantly reduced the size of a single-food test meal, as well
as the degree of postprandial hunger (12).

PYY. Positively correlated with the number of calories con-
sumed, PYY;_z¢ is mainly secreted by L cells in the distal seg-
ments of the gut (Table 1). A PYY; 34 deficiency has been
identified in obese subjects (13). Moreover, peripheral infu-
sions of the peptide reproducing postprandial concentrations
are able to substantially reduce caloric intake in subjects under
investigation (13). PYY is hypothesized to act at the hypothal-
amus via vagal pathways afferent to the NTS and its effect
might be mediated by excitement of pro-opiomelanocortin
neurons and activation of anorexigenic circuits (14). Despite
these observations, further investigation is needed on the
potential use of PYY for weight reduction.

GLP-1. GLP-1 is another peptide hormone released in the
gastrointestinal tract after food consumption (Table 1). It
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TABLE 1 Physiology of the satiating effect of a high-protein diet’
Agent Location of synthesis Mechanism of action Satiating effect Reference
CCK Duodenum and ileal Releases digestive enzymes and bile Binds to specific receptors 11,12
cells from the pancreas and gallbladder, (CCK-1R) located on vagal
respectively sensory terminals transmit-
ting to the NTS a sensation
of fullness
PYY3 36 L cells in the gut Reduces caloric intake; concentration Acts at the hypothalamus via 13,14
is positively correlated with the vagal pathways afferent to
number of calories consumed NTS; effect is mediated by
excitement of POMC neu-
rons and activation of ano-
rexigenic circuits
GLP-1 lleum Delays gastric emptying and accen- Activates the vagus nerve, 15-17

tuates glucose-induced stimulation
of insulin synthesis and secretion,
suppressing glucagon secretion

High-protein diet reduces reward-
driven eating behavior through the
activation of specific brain regions
in the corticolimbic system

Neuropeptides and Ventral tegmental
amino acid precursors area;
accumbens nucleus

conveying satiety signals
through afferent fibers to
the NTS

Serotonergic pathways and
transmitters are involved in
the reward circuit, influenc-
ing the brain availability of
their amino acid precursors;
a high-protein diet pro-
motes a reduction in brain
activation responses to
food stimuli in the limbic
regions related to food
motivation (i.e., hippocam-
pus, amygdala, anterior
cingulated, and
parahippocampus)

10, 20, 21

' CCK, cholecystokinin; GLP-1, glucagon-like peptide 1; NTS, nucleus tractus solitarius; POMC, pro-opiomelanocortin; PYY, peptide YY.

delays gastric emptying and accentuates glucose-induced
stimulation of insulin synthesis and secretion, suppressing
glucagon secretion at the same time. Its infusion in rats de-
creased body weight under certain experimental conditions
(15). A significant decrease in ad libitum caloric intake in
lean and obese subjects was shown in a meta-analysis of
7 studies (16). GLP-1 has a very limited half-life (1-3 min),
because it is quickly turned off by the enzyme dipeptidyl
peptidase IV. Thus, the clinical use of this molecule is lamen-
tably limited (17).

The release of some of these gastrointestinal hormones
activates the vagus nerve, conveying satiety signals through
afferent fibers to the NTS. Structural and functional changes
in neuronal circuits that control food intake can occur when
a high-protein diet is consumed (17). Long-term ingestion
of protein reflects the synaptic plasticity of the satiety path-
way. This neuronal plasticity was observed in a study in mice
in which, after intragastric loads of both sucrose and pro-
tein, different subpopulations of neurons in the NTS were
activated (18). Moreover, in a rat model experiment (n = 32),
after a high-protein diet, the activation of noradrenergic
neurons and the increased expression of cellular FB] murine
osteosarcoma viral oncogene homolog in the NTS mediated
by cholecystokinin was observed (19).

Brain Reward System

Recent studies have examined the nonhomeostatic mecha-
nisms related to ingestive behavior. Besides stimulating
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satiety centers such as the NTS and the arcuate nucleus, pro-
tein intake also seems to diminish brain reward mechanisms
(10). The central mesolimbic reward system generates a sen-
sation of pleasure and promotes the motivation for food
consumption through its activation. However, its inactiva-
tion decreases the hunger sensation (10). Reward mecha-
nisms are influenced by energy composition and protein
content, in addition to the organoleptic properties of the
meal. The influence of nutrient composition on neural re-
sponses to food stimuli has been demonstrated by MRI
studies in humans and animals (10). Mice that were adapted
to a high-protein diet had lower basal activation in the hy-
pothalamus associated with lower orexin neuron activity,
compared with mice that were adapted to a high-carbohydrate
diet (20).

In breakfast-skipping adolescent girls, the inclusion of
breakfast resulted in a reduction in brain activation re-
sponses to food stimuli in limbic regions related to food
motivation (i.e., in the hippocampus, amygdala, anterior
cingulate cortex, and parahippocampus). Reductions in
these areas were also reported after breakfasts with a higher
protein content (21). Therefore, a high-protein diet seems to
reduce reward-driven eating behavior through the activation
of specific brain regions in the corticolimbic system. How-
ever, serotonergic pathways, several neuropeptides and
transmitters such as dopamine (secreted in the ventral teg-
mental area), opioid receptors, and +y-aminobutyric acid
(synthesized in the accumbens nucleus) seem to be involved
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in the reward circuit that influences the brain availability of
their amino acid precursors (10) (Table 1). The results of
these studies ensure that further investigations of the inter-
actions between the homeostatic and hedonic controls of
protein intake will take place.

High-protein Diets and Weight Management

High-protein diets are thought to produce increased satiety,
enhanced weight loss, diminished cardiovascular disease risk
factors, and improved body composition (22). The effects of
weight loss with ad libitum diets with varying amounts of
protein have been well documented by many investigators
in previous meta-analyses and large well-controlled dietary
studies (23, 24). Greater weight loss on a high-protein diet
was mainly attributed to the typical satiating effect of these
diets and the reduction in carbohydrate intake (23). In addi-
tion, controlled studies comparing single macronutrient in-
takes have shown that protein content is an important factor
that affects the amount of food eaten (24, 25). In a study
conducted in 19 subjects consuming diets ad libitum for
12 wk, it was observed that a high-protein diet led to greater
satiety and was associated with a reduction in energy con-
sumption of 441 *= 63 kcal/d (P < 0.001), a reduction in
body weight of 4.9 = 0.5 kg (P < 0.001), and a reduction
in fat mass of 3.7 = 0.4 kg (P < 0.001) (25). These observa-
tions showed that an increase in dietary protein from 15% to
30% of energy at a constant carbohydrate intake produced a
sustained decrease in ad libitum caloric intake that may have
been mediated by the central nervous system, which further
resulted in substantial weight loss. Moreover, a systematic
review and a meta-analysis were performed comparing
high-protein diets (25-35% of total energy) and isocaloric
standard-protein diets (26). In this study, 24 trials including
1063 individuals with a mean diet duration of 12.1 = 9.3 wk
showed that a prescribed high-protein diet produced more
favorable changes, including reductions in body weight
(—0.79 kg; 95% CI: —1.50, —0.08 kg), fat mass (—0.87 kg;
95% CI: —1.26, —0.48 kg), TGs (—0.23 mmol/L; 95%
CL: —0.33, —0.12 mmol/L), and fat-free mass (—0.43 kg;
95% CI: —0.09, —0.78 kg). Furthermore, greater satiety
with high-protein diets was reported in >60% of the studies
(26). It is widely accepted that the effect of high protein in-
take on satiety is mainly because of the oxidation of amino
acids fed in excess. However, there is a substantial difference
when comparing types of protein. In such a comparison, the
satiety effect is higher with ingestion of specific “incomplete”
proteins (vegetal) than animal proteins (27). On the other
hand, thermogenesis induced by diet is higher for proteins
than for other macronutrients. Specifically, diet-induced
thermogenesis increases after protein ingestion by ~30%,
but only by 10% after carbohydrate ingestion and 5% after
fat ingestion. Once again, the increase in energy expenditure
is different depending on the source of the diet proteins.
This effect is higher with animal proteins containing larger
amounts of essential amino acids than with vegetable pro-
teins (27). As observed in these studies, the satiating effect
of proteins could be an important factor for weight loss.

Dietary Protein and Bone Health

Aging leads to progressive bone loss, which may result in os-
teoporosis. This is becoming an epidemic disease, with 1 in 4
women >70 y of age having at least one fracture in their life-
time (28). The global increase in individuals suffering from
osteoporosis means that modifiable factors such as nutrition
are of paramount importance. An increase in protein rec-
ommendations to >0.8 g/(kg - d) for the aging population
may be beneficial, because protein utilization is less efficient
in the elderly, and age-related bone loss is progressive and
can lead to osteoporosis and fracture risk (4, 5).

High-protein diets could positively affect calcium and
bone homeostasis through their effects on calcium absorp-
tion, bone turnover, and production of insulin-like growth
factor 1 (IGF-1). It has been shown that higher protein con-
sumption increases intestinal calcium absorption (29-32).
The amount of calcium absorbed from the intestine has
been inversely correlated with the amount of parathyroid
hormone released, which may benefit bone health by atten-
uating bone resorption (29, 30). In a study comparing
women on a 10 d high-protein diet (1.5 g/kg) with those
on a 10 d low-protein diet (0.5 g/kg), a substantially lower
concentration of parathyroid hormone in subjects on the
high-protein diet was observed (30). Another explanation
for the increase in calcium absorption can be found in the
fact that protein induces gastric acid secretion. The acidic
pH in the stomach (1-3) allows calcium ionization and sub-
sequent absorption. Two studies confirm these findings (31,
32). In one study, it was shown that patients with achlorhy-
dria absorbed less calcium than did control subjects with
normal gastric acid production (31). In the second study,
a significant decrease in calcium absorption was identified
in women after they ingested a proton pump-inhibiting
drug (32).

IGF-1 modulates bone homeostasis by promoting osteo-
blast activity (33) and stimulating renal phosphate resorp-
tion (34). There is a huge amount of evidence of the
positive effect of IGF-1 on human bone health. This includes
a decrease in the urinary bone resorption markers deoxypyr-
idinoline and N-telopeptide (35), a decrease in proximal fe-
mur bone mineral density (BMD) loss in the elderly with a
recent hip fracture, and a positive association with BMD in
several skeletal structures (36). Dietary protein benefits bone
health through IGF-1 secretion. A positive correlation be-
tween protein consumption and serum IGF-1 concentration
has been established (35). Moreover, the quality and quan-
tity of the ingested protein may influence serum IGF-1 con-
centration, because a higher concentration was identified
in subjects consuming high-quality protein (i.e., from milk
sources) (35).

Despite all these findings, the beneficial role of high-
protein diets on bone health remains controversial. Some
authors support the hypothesis that dietary protein may
support calcium metabolism and bone health through sev-
eral mechanisms; for instance, by increasing IGF-1 or higher
intestinal calcium absorption (29-36). Conversely, other
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investigators have observed that high-protein diets seem to
be harmful to bones, because kidneys may not be able to
completely neutralize the acid load remaining from amino
acid metabolism, requiring buffering by bone as a result of
that limitation (37, 38).

It is well documented that an increase in dietary protein
leads to greater calcium urinary excretion. However, the or-
igin of this urinary calcium remains controversial. Some
authors believe that in some conditions (i.e., with a hyper-
proteic diet), the lungs and kidneys are not able to handle
this acidification; thus, an additional buffer could be neces-
sary. Therefore, carbonate would be released from the skel-
eton to provide this buffer and, in consequence, calcium
would be released together with carbonate (37). However,
some authors have shown with the use of both the in vivo
and in vitro mouse model that metabolic acidosis also in-
duces the depletion of mineral phosphate from the bone
matrix (39). Moreover, it has been observed that phosphate
release could be used predominantly to buffer the additional
protons and help restore the pH toward normal. Thus, as
observed by these authors, chronic metabolic acidosis de-
crease bulk bone phosphate to a greater extent than bone
carbonate (39). It has been reported that increasing fruit
and vegetable consumption would be a practical way to
counteract the acidity generated by protein consumption,
reducing calciuria and, hence, improving calcium balance
(38).

Interestingly, it is also believed that dietary protein intake
is directly related to endogenous acid production; however,
the amount necessary to affect bones remains unclear. The
lungs regulate pH by excreting a metabolic by-product called
carbon dioxide; so does kidney buffering, by excreting excess
hydrogen ions (primarily known as ammonium). Thus,
both of them work together in a normal homeostatic re-
sponse to regulate blood pH. Because dietary protein is
consumed with each meal, divided several times, there is
enough time for acid neutralization. Moreover, it has been
shown that the pH of extracellular fluid is ~7.36 and the ac-
tivation of osteoclast resorption requires an extracellular pH
<7.2. Therefore, this situation does not seem likely to occur
after a high-protein meal, because under changing protein
conditions, blood pH remains stable (40).

A significant positive association between protein intake
and BMD has been shown by many epidemiologic studies.
The Iowa Women’s Health Study featuring a cohort of
41,837 women aged 55-69 y showed an inverse relation be-
tween protein intake and hip fracture risk. Hip fracture was
correlated with a lower protein intake (P = 0.01). More-
over, the risk of hip fracture significantly increased (P =
0.006) with lower protein intake when it was segregated
into quartiles. Therefore, increased dietary protein seems
to be correlated with decreased risk of hip fracture (41).
Isotopic studies have shown greater calcium absorption
and retention in subjects consuming higher protein
diets, especially when calcium is consumed below the
minimum requirements (29). One study used dual stable
isotopes to evaluate calcium balance in healthy pre- and
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postmenopausal women (29). The effect of a 2 wk dietary
intervention in which participants consumed a moderate-
[1.0 g/(kg - d)] or high- [2.1 g/(kg - d)] protein diet while
consuming a low amount of calcium (800 mg/d) was ana-
lyzed. The results showed significantly greater intestinal
calcium absorption (P < 0.001) and a significant increase
in urinary calcium (P < 0.001). No effect on biochemical
markers of bone turnover was observed between the 2
diets. Importantly, significantly lower urinary calcium
from bone origin was detected with the high-protein diet
(P < 0.001) (29). Therefore, hypercalciuria after a high-
protein meal seems to be from increased intestinal calcium
absorption.

Despite the controversy surrounding a high-protein diet
and bone health, higher protein intake seems to be beneficial
for bone mineralization and maintenance in a healthy pop-
ulation because it increases IGF-1 concentrations and intes-
tinal calcium absorption. However, further investigations
should be carried out to clarify the role of long-term high
protein intake and bone health.

Kidney Damage
It has been demonstrated that the glomerular filtration rate
(GFR) rises after protein consumption is increased (42).
This long-term elevation in GFR may be harmful to the kid-
ney. However, although it is well accepted that a high-
protein diet is harmful to individuals with existing kidney
dysfunction, there is little evidence that a high protein intake
is dangerous to healthy individuals (42). The National
Kidney Foundation’s recommendations for nondialyzed
individuals with chronic kidney disease (CKD) are below
those for the overall population [0.6-0.75 g/(kg - d)] (43).
One study in women with mild renal insufficiency reported
a significant association between protein intake and dimin-
ished renal function (44). In another cross-sectional study
including 599 adult patients diagnosed with stage 3-5
CKD, a significant correlation between high protein intake
and a decrease in GFR was reported when compared with
normal or low intake (45). The idea that high protein con-
sumption may be detrimental to those with CKD seems ob-
vious and is well accepted. However, hyperfiltration could
just be an adaptive mechanism of high protein consumption
and may not necessarily be related to a decline in renal func-
tion for those individuals with normal kidney function.
With respect to kidney function, characterizing the rela-
tion between high protein intake and hydration is of great
importance. As a consequence of high protein intake, an in-
crease in solute excretion, such as urea and other nitrogenous
wastes, is produced. Thus, more water is needed to avoid dehy-
dration. A recent study analyzed the relation between increased
protein intake and hydration indexes in a 12 wk randomized,
crossover, controlled diet intervention analysis (46). In the study,
individuals consumed several diets containing 3.6 (high), 1.8
(moderate), and 0.8 (low) g protein/(kg - d) for 4 wk. The
amount of energy ingested was calculated for each individual ac-
cording to personal requirements and activity level at baseline.
Other features, such as blood urea nitrogen, plasma osmolality,
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urine-specific gravity, and estimation of fluid balance, were
also evaluated. No changes in fluid intake and fluid balance
were reported. Importantly, greater blood urea nitrogen was
found with the high-protein diet than with the moderate- or
low-protein diet, and urine-specific gravity was significantly
higher with the high-protein diet than with the moderate-
protein diet. Baseline plasma osmolality was higher with
the high-protein diet than with the moderate- or low-protein
diet. However, no significant effect on fluid status was re-
ported as a result of increased dietary protein (46). In conclu-
sion, consideration should be given before those at risk of
renal disease (i.e., those with diabetes, hypertension, or cardi-
ovascular disease) start a high-protein diet.

Further investigation is needed to clarify the impact of
long-term high protein consumption on the GFR in the
older population, because the GFR decreases with age. In
any case, a rise in protein consumption to 1-1.5 g/kg appears
to be safe and even necessary for older individuals with
healthy kidney function, because it is well accepted that pro-
tein efficiency declines with age. Serum creatinine and he-
moglobin Alc tests for diabetes screening and a urine test
for proteinuria are useful screening tools to identify individ-
uals for whom high protein consumption may not be
advisable (4).

High-protein diets have also been linked to the risk of
kidney stone formation. In one large prospective study in
humans, a positive association between animal protein con-
sumption and kidney stone formation was observed (47).
Thus, high protein consumption may be unsafe for those
with inherited or underlying abnormalities associated with
renal disease and development of kidney stones (48). These
findings suggest that higher protein consumption could be
considered an independent risk factor in the development
of kidney stones in predisposed individuals.

Conclusions

High-protein diets may be appropriate for some individuals,
but not for others; hence, specific individual needs, as well as
potential negative consequences, must be considered cau-
tiously before such a diet is adopted. The protein content
of a diet may be measured using several methods; however,
because of the great individual variability in caloric require-
ments, measuring intake based on the proportion of pro-
teins in total energy intake seems to be the most realistic
method. A moderate intake of 1.5 g/(kg - d) may be easily
included in the acceptable protein intake range (AMDR
10-35%) for most individuals. However, currently, no ob-
jective standard for protein consumption >0.8 g/(kg - d) ex-
ists. It is important to distinguish between the amount of
protein that is required to optimize bone and muscle health
and the amount necessary to prevent a deficiency. It is also
important to note that high-protein diets are harmful to
CKD patients; however, for healthy kidney patients, in
view of the findings of several studies, the consumption of
a high-protein diet appears to be more advantageous than
deleterious. In addition, dietary protein seems to play an
important role in other metabolic processes, such as satiety,

cellular signaling, and thermogenic and glycemic regulation
in the body. However, this effect becomes important only
when consumption is above the RDI; thus, it seems likely
that protein intake above the RDI could be advantageous
in many situations. Long-term clinical intervention trials
in which dietary protein is increased in healthy individuals
should be carried out to determine the efficacy and potential
negative consequences of a high-protein diet.
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