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Abstract

The aim of this study is to evaluate the effect of the
hyperproteic diet consumption on bone tissue.

Methods: The study was conducted during sixty days.
Twenty eight Wistar albinus rats, adults, originated from
Laboratory of Experimental Nutrition were divided in four
groups: (n =7); Control 1 (C1), Control 2 (C2), Hyperpro-
teic 1 (HP1) e Hyperproteic 2 (HP2). The C2 and HP2
groups were submitted to 30% of food restriction. The
hyperproteic diet was based on the Atkins diet and
prepared to simulate the protein diet. At the end of the study
the animals were anesthetized to performer bone densitom-
etry analyses by DEXA and blood and tissue collection.
Serum and bone minerals analyses were conducted by
colorimetric methods in automated equipment.

Results: The total bone mineral density (BMD) of the
pelvis and the spine of the food restriction groups (HP2 e
C2) were lower (p < 0.05) than C1 e HP1 groups. While
the femur BMD of the HP2 was lower (p < 0.05) related to
others groups. It had been observed reduction (p < 0.05)
in the medium point of the width of femur diaphysis and
in bone calcium level in the hyperproteic groups (HP1 e
HP2). It was observed similar effect on the osteocalcin
level, that presented lower (p < 0.05) in the hyperproteic
groups. The insulin level was lower only in HP2 and
serum calcium of the HP1 and HP2 groups was lower
than C1.

Conclusion: The protein diet promotes significant bone
change on femur and in the hormones levels related to
bone synthesis and maintenance of this tissue.
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EFECTO DE LA “DIETA DE PROTEINA”
Y EL TEJIDO OSEO

Resumen

El objetivo de este estudio fue evaluar el efecto de la
ingesta de proteinas de la dieta sobre el hueso.

Meétodos: El estudio duré 60 dias. Veintiocho adultos
albinas Wistar, del Laboratorio de Nutricion Experimental
fueron divididos en 4 grupos (n = 7), Control 1 (C1), de con-
trol 2 (C2), en la proteina 1 (HP1) y en la proteina 2 (HP2).
Los grupos C2 y HP2 fueron alimentados restringido a
30%. Los niveles de proteina dietéticos fueron manipula-
dos para simular la dieta de la proteina. Al final del
experimento, los animales fueron anestesiados para los
procedimientos de densitometria 6sea (DEXA) y la
recogida de tejidos. Analisis de mineral 6seo en suero y se
realizaron por el método colorimétrico utilizando un
aparato automatico.

Resultados: La densidad mineral 6sea total (BMD), la
pelvis y la columna vertebral de los grupos con la restric-
cion dietética (HP2 y C2) fue menor (p < 0,05) que en los
grupos C1 y HP1. Mientras que el grupo HP2 fémur fue
menor (p < 0,05) en comparacion con otros grupos. Dis-
minucion (p < 0,05) de la anchura del punto medio de la
diafisis femoral y la concentracion de calcio en los grupos
de hueso hiperproteicos (HP1 y HP2). Se observo un
efecto similar en osteocalcina en suero, que fue menor
(p <0,05) en los grupos de hiperproteicos mientras que la
concentracion de insulina fue mas bajo sélo en el grupo de
HP2. Ya hiperproteicos de calcio en suero y los grupos C2
mostraron menor (p < 0,05) el grupo C1.

Conclusion: La dieta de la proteina promueve cambios
significativos en el hueso en el fémur y la concentracion de
hormonas relacionadas con la formaciéon y el manten-
imiento de este tejido.

(Nutr Hosp. 2014;29:140-145)
DOI:10.3305/nh.2014.29.1.7000

Palabras clave: Dieta de proteinas. Densidad mineral dsa.
Remodelacion ésea. Hormonas. Dieta Atkins.



Abbreviations

C1: Control 1.

C2: Control 2.

HP1: Hyperproteic 1.

HP2: Hyperproteic 2.

DEXA: Dual Energy X-Ray Absorptiometry.

BMD: Bone Mineral Density.

AIN: American Institute of Nutrition.

UFF: Federal Fluminense University.

BMC: Bone Mineral Content.

ELISA: Enzyme-Linked Immunosorbent Assay.

COBEA: Brazilian College of Animal Experimenta-
tion.

ANOVA: Analysis of Variance.

FAPERIJ: Research Foundation of the State of Rio de
Janeiro.

PROPPI: Pro Rectory of Research, Graduate Studies
and Innovation of the Federal Fluminense University.

CNPQ: National Research Council.

Introduction

The diet with high protein concentration is the most
popular fad diet and has been considered to be effective
in weight reduction.!'?? It is characterized by high
concentration of protein, lipids and low concentration
of carbohydrates.* However, there is evidence that
excessive consumption of protein may impair bone
health and may contribute to the development of osteo-
porosis, especially among adult women.*

The change in bone promoted by excess of animal
protein and fat consumption has been attributed to the
development of metabolic acidosis, caused by exces-
sive production of ketone bodies. This state of ketogen-
esis seems to stimulate bone resorption and inhibit the
osteoblastos activity.>®

However, the literature is controversial concerning
the effects of high protein intake and possible changes
in the bone tissue. Some studies suggest that hyperpro-
teic diets are associated with a greater propensity to
bone loss.”® However, other researchers have reported
beneficial effects, including increase in bone mineral
density.*!

Soon, the previous studies are inconclusive and
require more information about the effect of the
hyperproteic diet on bone health. Its effect on the
development of osteopenia and/or osteoporosis still
needs investigation. The objective of this study was to
evaluate the effects of the fad diet, based on higher
protein and lipid concentration, on bone tissue of
adult female rats.

We emphasize that the main contribution of this
study is to understand the changes that occur in the
body, especially in bone tissue, due to the consumption
of the “protein diet”. This way we can alert physicians
and nutritionists regarding the negative effects of this
diet on bone tissue.

Methodology

The study was conducted at the Experimental Nutri-
tion Laboratory in the Nutrition and Dietetics Depart-
ment, Nutrition College of the Federal Fluminense
University, with female Rattus, Norvegicus Wistar
Albino, with 90 days of age, weighing approximately
200 g. All animals were housed on experimentation for
60 days in individual polypropylene cages, properly
identified. The environment was maintained with
constant temperature (24° C + 2° C) and adequate
lighting with light-dark cycle of 12 to 12 hours.

The animals were divided into 4 groups (n = 7 per
group): Control group: 1) control 1 (C1) and 2) control 2
(C2) * - fed diets consisting of 69.20% carbohydrate
(59.20% of starch and 10% sugar), 11.30% protein
(casein), 4.80% lipid (soybean oil), 1% vitamin mixture
(Prag solutions, Sao Paulo, Brazil), 3.5% mineral mix
(Prag Solutions, Sao Paulo, Brazil), 5% fiber (cellulose),
0.25% choline bitartrate and 0.18% L-cystine. The
control diets were manufactured following the recom-
mendations of the American Institute of Nutrition (AIN -
93M);"" Hyperproteic group: 3) hyperproteic 1 (HP1)
and 4) hyperproteic 2 (HP2) * - fed diets containing
4.73% of carbohydrate (lactose), 49.77% protein
(47.54% beef protein and 2.23% milk protein), 15.97%
lipid (11.97% animal fat from meat and 4% soybean oil),
1% vitamin mixture (Prag Solutions, Sdo Paulo, Brazil);
3.5% mineral mix (Prag solutions, Sao Paulo, Brazil);
fiber 7% (5% cellulose and 2% agar), 0.18% L-cysteine
and 0.25% choline bitartrate. Agar was used to shape
ration. The groups * C2 and HP2 received 70% of the
amount of feed consumed by C1 and HP1, respectively.
The ingredients for the formulation of the hyperproteic
diet were purchased in local market. The meat was dried,
milled, sifted and mixed with the other ingredients.

The weight (g) of animals was measured using preci-
sion balance (Bioprecisa JY 50001, precision 0.1 g)
and water consumption (mL) using a graduated
cylinder, weekly. The water was available on free
demand for all groups. The control of the supply and
leftover of the diet was weekly for C1 and HP1. For the
groups C2 and HP2 was done daily, due to food restric-
tion.

At the end of the experimental period, all animals
were submitted to vaginal washing procedure to iden-
tify the estrous cycle phase. After this, those that were
in the “estrus” phase were separated and fasted for six
hours before sacrifice. They were anesthetized with
intraperitoneal injection (with ketamine xylazine 1:1)
at a dosage of 0.1 mL/200 g and bone mineral density
(BMD) measured by dual energy x-ray absorptiometry
(DEXA) (GE Lunar 200368 DXA instrument,
Wisconsin, USA), in the Nutritional Assessment Labo-
ratory of the Nutrition College, UFF. The analysis was
performed using specific software for small animals'>'®
(encore in 2008, 13.40 Version GE Healthcare). Bone
mineral density (BMD, g/cm?), bone mineral content
(BMC, g) and bone area (cm?) were analyzed in each
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animal. After DEXA, with the animals under anes-
thesia, we collected blood by cardiac puncture in tubes
with anticoagulant and centrifuged at 3,000 rpm for 20
minutes. Then, after the sacrifice, the right femur was
removed, cleaned and weighted. Plasma samples and
femur were frozen at -80° C for further analysis.

Serum concentrations of calcium, phosphorus and
magnesium were determined by the colorimetric
method using commercial kits (Bioclin, Belo Hori-
zonte, Brazil) in automated equipment. Insulin,
parathyroid and osteocalcin hormones were deter-
mined by enzyme linked immunosorbent assay
(ELISA) using specific commercial kits (UScn, Life
Science Inc) and the reading performed using Thermo
Plater Reader.

The evaluation of the distance between the epiphysis
and the width of the midpoint of the diaphysis was
performed, in femur, with caliper and express in
millimeters. Subsequent evaluation of the weight of the
femur (g) were analyzed BMD (g/cm?), BMC (g) and
bone area (cm?) using DEXA. The femur was placed
(one at a time) in a container with rice to simulate soft
tissue.'*

The mineral composition of femur was performed
from the ash production,’® which were subsequently
acidified, heated and diluted in deionized water. Subse-
quently, calcium, phosphorus and magnesium analyzes
were carried out by colorimetric method, using auto-
mated equipment.

The results are presented as mean and standard devi-
ation. For the analysis of the comparison of means
between groups were used ANOVA and Duncan as
post-test. We work with a significance level of 5%.
GraphPad InStat version 3.1 for NT Win/95 was used
for analysis.

This project was submitted to the Ethics Committee
responsible for research in animal laboratory at UFF,
and has been approved under protocol number
0027/08. All animals were handled in accordance with
the ethical principles adopted by the Brazilian College
of Animal Experimentation (COBEA).

Results

During the study period, it can be observed that the
groups fed diets on free demand (C1 and HP1) showed
increase in body weight (P < 0.05), while those who
suffered food restriction (C2 and HP2) lost weight (fig. 1).

Regarding the daily diet intake, the control group
(C1) showed higher feed intake (P < 0.05) compared to
the other groups. While the group HP2 showed the
lowest intake. The feed consumption of the group that
received hyperproteic diet on free demand (HP1) was
similar to the group C2 (fig. 2).

Regarding water intake, the groups that received
hyperproteic diet, especially HP2, showed higher
water intake (P < 0.05) when compared to the control
group (C1). While water intake of the C2 group has
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Fig. 1.—Evolution of body weight of the animals during all the
experiment. Control group (C1); Hyperproteic diet (HP1).
Groups C2 and HP2 submitted to 30% of food restriction. Dif-
ferent letters indicates statistical difference (ANOVA, P <
0.05). Niteroi, in 2012.
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Fig. 2—Daily feed intake and water intake of the animals. Con-
trol group (C1); Hyperproteic group 1 (HP1). Groups submit-
ted to food restriction (30%), Control 2 (C2) and Hyperproteic 2
(HP2). Different letters denote statistical difference (ANOVA,
P< 0.05). Niterdi, in 2012

been similar to the groups that received diet on free
demand (C1 and HP1) (fig. 2). It was observed also that
the groups that received the “protein diet” showed
diuresis higher than the other groups (observational
data, not presented).

Serum level of the minerals and hormones are
presented in table I. It can be observed that the groups
that received hyperproteic diet (HP1 and HP2) showed
lower serum calcium (P < 0.05) than CI1 group.
Regarding insulin, it was observed that the HP2 group
showed lower (P < 0.05) serum level compared to the
other groups and the osteocalcin was lower (P < 0.05)
in the groups receiving hyperproteic diet (HP1 and
HP2). The magnesium, phosphorus and parathyroid
hormone level were similar between groups.

The densitometry of the total body shows that C2
and HP2 groups presented lower (P < 0.05) BMD,
BMC and bone area compared to C1 and HP1 groups.
When analyzing specific regions such as the pelvis, it
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Table I
Minerals and hormones concentration at the end of the study

Cl HPI c2 HP2
Calcium (mg/dL) 8.22+0.20° 7.43+0.17° 7.76 +0.14 7.15+0.11°
Magnesium (mg/dL) 1.84+0.15 2.13+0.25 227+043 1.98 +0.10
Phosphorus (mg/dL) 5.08+0.31 4.21+0.20 4.12+0.25 4.47+0.31
Insulin (pg/mL) 1.45+0.33¢ 0.91 +0.39¢ 0.64+0.14 0.35+0.13
Osteocalcin (ng/mL) 1.21+£0.47¢ 0.38+£0.12¢ 0.73+0.13° 0.33+0.15¢
Parathormone (pg/mL) 8.48+1.16 8.70+1.43 9.04+1.54 7.35+1.59

Control group 1 (C1) and Hyperproteic group 1 (HP1), received diet on free demand. Control group 2 (C2) and Hyperproteic group 2 (HP2), res-

triction of food consumption (30%). Different superscript letters denote statistical difference (ANOVA, P < 0.05). Niterdi, 2012.

Table I1
Bone mineral density, bone mineral content and total area of the pelvis, spine and femur of the animals studied
Cl HPI C2 HP2

Total body

BMD (g/cm?) 0.16£0.01¢ 0.15£0.01 0.14£0.01° 0.14+0.01°

BMC (g) 8.80+0.36 8.28+0.14 6.40+0.15° 6.82+0.03°

AREA (cm?) 52.40 +1.80¢ 52.60 +0.40° 45.80+0.91° 46.60£0.87°
Pelvis

BMD (g/cm?) 0.16£0.01 0.16£0.01° 0.13+0.01° 0.14+0.01°

BMC (g) 2.34+0.16* 1.98£0.11° 1.70£0.11° 1.84+0.11°

AREA (cm?) 14.80+0.58 1220+0.37 13.20+1.07 13.0£0.83
Vertebral colun

BMD (g/cm?) 0.15£0.01 0.15£0.01 0.12+0.01° 0.12+0,01°

BMC(g) 1.78 £0.20° 1.74 £0.05* 1.12+0.13 1.12£0,12°

AREA (cm?) 1200+ 1.0 11.40+0.50 9.40+0.87 9.00+0,83
Femur

BMD (g/cm?) 0.156+0.01° 0.146+0.01 0.145+0.01 0.132+£0.01°

BMC(g) 0.400£0.01¢ 0.380+0.02¢ 0.370+0.01¢ 0.360+0.03°

AREA (cm?) 2.80£0.1 2.80£0.1 2.71£0.1 2.66+0.2

Control group 1 (C1) and Hyperproteic group 1 (HP1), received diet on free demand. Control group 2 (C2) and Hyperproteic group 2 (HP2), restriction of food consumption
(30%). Different superscript letters denote statistical difference (ANOVA, P<0.05). Niter6i, 2012.

was observed that the C2 and HP2 groups also had
lower (P <0.05) BMD when compared to C1 and HP1,
whereas the pelvis BMC was lower (P < 0.05), only in
the C2 group. For the region of the spine, the groups
who suffered food restriction (C2 and HP2) showed
lower (P < 0.05) BMD and BMC than the groups with
free demand diet (C1 and HP1). However, when
analyzing the femoral BMD and BMC of the HP2
group it can be observed that this was lower (P < 0.05)
than the other groups (table II).

When analyzing the biometrical parameters of the
femur it can be observed that there was no significant
statistical difference in the weight and distance
between the epiphysis. However, there was a reduction
(P < 0.05) in the width of the midpoint of the femoral
diaphysis in HP1 and HP2 groups, when compared
with C1 and C2 groups. Similar results were found

when evaluating the mineral composition of the femur,
HP1 and HP2 groups presented lower (P < 0.05)
concentration of calcium in femur. Higher concentra-
tions of (P < 0.05) magnesium was found in the groups
receiving hyperproteic diet in relation to groups Cle
C2 (table III).

Discussion

Professionals of the health area who recommend the
“protein diet” claim that persons who use this type of
diet may ingest more energy, and still lose weight.
However, there is no scientific evidence to confirm that
this diet has metabolic advantages over conventional
diets for weight reduction and maintenance of bone
health.'s
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Table I11
Biometry measurements and mineral concentration of the femur

Cl HPI c2 HP2

Weight (g) 0.92+0.01 0.93+0.05 0.92+0.01 0.84+0.02
Distance between the epiphysis (mm) 3.15+0.05 320+0.05 320+0.05 3.08+0.04
Midpoint of the diaphysis (mm) 0.51+0.02: 0.45+0.05° 0.51+0.02¢ 0.46+0.06°
Femur composition:

Calcium (mg/dL) 17.11£2.63 12.38 £0.24° 16.89 £3.42: 11.59+0.3°

Magnesium (mg/dL) 4.00+0.33 8.2+1.00° 3.88+0.37 8.19+1.42°

Phosphorus (mg/dL) 737187 6.10£0.97 5.08+1.77 5.76+1.03

Control group 1 (C1) and Hyperproteic group 1 (HP1), received diet on free demand. Control group 2 (C2) and Hyperproteic group 2 (HP2), restriction of food consumption
(30%). Different superscript letters denote statistical difference (ANOVA, P <0.05). Niterdi, 2012.

In the present study, it can be noted that the hyper-
proteic diet seems to promote satiety when consumed
on free demand. However, as this diet has higher
energy content per gram, the lower feed intake by the
HP1 group was not sufficient to promote weight loss;
and when this diet is associated with dietary restriction,
the result is similar to the conventional hypocaloric
diet. It shows that it is not the “protein diet” that leads
to weight loss, but the energy restriction imposed on
the animals. Corroborating our results, studies show
that in humans the consumption of “protein diet” on
free demand, appears to increase satiety. However, in
according to these authors this type of the diet can lead
to weight loss, only, after prolonged periods.'”'* Some
researches try explain the changes in metabolism that
lead to the higher satiety. Studies suggest that lower
carbohydrate intake may be related to excessive forma-
tion of ketone bodies, due to the change of the substrate
used in the metabolism. Other factors suggested are
that high protein intake leads to increase in serum
concentration of amino acids that stimulate the release
of anorexigenic hormones that act on satiety, and by
the stimulus given by the amino acids to the cholecys-
tokinin (CCK) secretion that could favor the reduction
of food intake.""*?

Metabolically, the largest precursor of ketone bodies
is the Acetyl-Coenzyme A produced by the oxidation
of fatty acids and by the ketogenic amino acids. Ketosis
produced by this kind of diet can increase the osmo-
lality and thus trigger the sensation of thirst and
increase the water consumption.?! This fact was
observed in the present study, where the animals
receiving the “protein diet” had higher water intake
than the control group, indicating that consumption of
hyperproteic diet associated with energy restriction
may promote increased production of ketone bodies,
triggering higher water consumption and increasing
the diuresis.

The protein and calcium are the major components
of the bone tissue, so to maintain the process of bone
remodeling and the synthesis of this tissue is necessary
an adequate supplies of mineral and protein. Observa-

tional study found associations between protein intake
and bone mass and show both, positive and negative
effect.? The bone densitometry realized in the present
study show that the groups who were submitted to food
restriction had a lower density and bone mineral
content in the pelvis and spine, probably due to the high
formation of ketone bodies and to the lower calcium
intake, fact that is in accordance to the literature data.
However, unlike what was observed in the pelvis and
spine, the femur, of the hyperproteic group with dietary
restriction was the more affected bone with a lower
density and total bone mineral content and with reduc-
tion in the width of the midpoint of the femoral diaph-
ysis; besides of the lower calcium content. This
suggests that the high protein intake associated with
dietary restriction increases the negative effects of diet
on the bone tissue, even in adult animals due to the
stimulation of bone calcium removal in order to mini-
mize the effects of acidosis.

Some researchers suggest that the excessive dietary
protein appears to have an adverse effect on the bone,
only under conditions of low calcium intake,” what is
in accordance with the negative effects observed in the
hyperproteic group with dietary restriction. The physi-
ological adaptations that may be associated to it is the
hypercalciuria, due to decreased in tubular calcium
resorption promoted by acidosis, increase in bone
resorption and, consequentely, the bone demineraliza-
tion.2** However, contrary to our results, a study
observed significant reduction in BMD and BMC of
the femur in mice receiving hypocaloric diet.”> This can
also points to possible negative effects of hypocaloric
diets with low calcium concentration.

Recent studies show that osteoblast have receptors
for insulin that increase glucose uptake and the produc-
tion of anabolic bone markers. However, it is known
that low carbohydrate diets lead to lower insulin
release, which may reflect in bone metabolism.* It may
explain the negative results observed in the group
receiving hyperproteic diet associated with dietary
restriction (HP2), where the low concentration of
carbohydrate in the diet decreased the stimulus to
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insulin production and hence of the osteocalcin, due to
the smaller stimulus for osteoblast activity, reflecting
in the decrease in the width of the femur.

A study in rats shows that energy intake is a key
factor for the maintenance of adequate concentrations
of osteocalcin and bone formation.?” Another study
which emphasizes high fat diets showed that this type
of diet is also able to inhibit bone formation and
osteoblast ativity.? Therefore, the “protein diet” has
two important characteristics that can negatively influ-
ence the metabolism and bone formation: high concen-
tration of proteins and lipids. However, the exact
mechanisms by which these characteristics promote
such changes still need to be better studied.

Conclusion

The results suggested that the “protein diet”
promotes significant changes in femur and in the
concentration of hormones related to the formation and
maintenance of this tissue. These results may suggest
that adult women, especially those in the pre-
menopause and menopause, can expect to develop
osteopenia and osteoporosis increased, due to the
consumption of this type of diet.

Acknowledgments

The authors thank the Research Foundation of the
State of Rio de Janeiro (FAPERJ-APQ1), the Pro
Rectory of Research, Graduate Studies and Innovation
of the Federal Fluminense University (PROPPI- UFF),
to the National Research Council (CNPq) by granting
the scholarship of scientific initiation and to the
Program in Applied Science for Health Products.

References

1. Mero AA, Huovinen H, Matintupa O, Hulmi JJ, Puurtinen R,
Hohtari H, Karila TAM. Moderate energy restriction with high
protein diet results in healthier outcome in women. J Int Soc
Sports Nutr2010; 7(4): 1-11. doi: 10.1186/1550-2783-7-4.

2. Dansinger ML. Comparison of the Atkins, Ornish, Weight
Watchers, and Zone Diets for Weight Loss and Heart Disease
Risk Reduction. J Am Med Ass 2005; 293 (1): 43-53.

3. Atkins RC. Atkins new diet revolution. 2* ed. New York, NY:
Harper Collins Publishers; 1999.

4. Handa R, Kalla AA, Maalouf G. Osteoporosis in developing
countries. Best Pratice & Res Clin Rheum 2008; 22 (4): 693-
708. doi:10.1016/j.berh.2008.04.002

5. Amanzadeh J, Gitomer WL, Zerwekh JE, Preisig PA, Moe OW,
Pak CYC, Levi M. Effect of high protein diet on stone-forming
propensity and bone loss in rats. Kidney Intern 2003; 64: 2142-
9.

6. Halade GV, Rahman Md M, Williams PJ, Fernandes G. High
fat diet-induced animal model of age-associated obesity and
osteoporosis. J Nutr Biochem 2009; 21 (12): 1162-9. doi:10.
1016/j.jnutbio.2009.10.002

7. Mardon J, Habauzit V, Trzeciakiewicz A, Davicco M-J,
Lebecque P, Mercier S. Influence of High and Low Protein
Intakes on Age-Related Bone Loss in Rats Submitted to

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Adequate or Restricted Energy Conditions. Calcif Tissue Int
2008; 82:373-82. doi: 10.1007/s00223-008-9125-6

Rylander R, Remer T, Berkemeyer, Vormann J. Acid-base
status affects renal magnesium losses in healthy, elderly
persons. J Nutr 2006; 136 (9): 2374-7.

CaoJJ, Gregoire BR, Gao H. High-fat diet decreases cancellous
bone mass but has no effect on cortical bone mass in the tibia in
mice. Bone 2009; 44: 1097-104. doi:10.1016/j.bone.2009.
02.017

Jesudason D, Clifton P. The interaction between dietary protein
and bone health. J Bone Miner Metab 2010; 29: 1-14. doi:
10.1007/s00774-010-0225-9

Reeves PG, Nielsen FH, Fahey GC. AIN-93 purified diets for
laboratory rodents: final report of the American Institute of
Nutrition ad hoc writing committee on the reformulation of the
AIN-76 rodent diet. J Nutr 1993; 123 (11): 1939-51.

Tsujio M, Mizorogi T, Kitamura I, Nishijima K, Kuwahara S,
Ohno T. Bone mineral analysis through dual energy x-ray
absorptiometry in laboratory animals. J Vet Med Sci 2009; 71
(11): 1493-7. doi:org/10.1292/jvms.001493.

Glickman SG, Mam CS, Supiano MA, Dengel DR. Validity
and reliability of dual-energy x-ray absorptiometry for the
assessment of abdominal adiposity. J Appl Physiol 2004; 97
(2): 509-14. doi: 10.1152/japplphysiol.01234.2003

Costa CAS, Carlos AS, Gonzalez GPL, Reis RP, Ribeiro
MDOS, Dos Santos A S. Diet containing low n-6/n-3 polyun-
saturated fatty acids ratio, provided by canola oil, alters body
composition and bone quality in young rats. Eur J Nutr 2012;
51(2): 191-8. doi: 10.1007/s00394-011-0206-3

Cecchi HM. Fundamentos Tedricos e praticos em andlise de
alimentos. 2* ed. Sao Paulo, Editora UNICAMP; 1999.

Atkins RC. Dr. Atkins’ New Diet Revolution. Harper Collins
publishers, New York; 2002.

Halton TL, Hu FB. The Effects of High Protein Diets on hermo-
genesis, Saciety and Weight Loss: A Critical Review. JAm Coll
Nut2004; 23 (5): 373-85.

Skov AR, Toubro S, Runn B, Holm L, Astrup A. Randomized
trial on protein vs carbohydrate in ad libitum fat reduced diet for
the treatment of obesity. Int J Obes Relat Metab Disord 1999;
23 (5): 528-36.

Paiva AC, Alfenas RCG, Bressan J. Effects of high protein
intake in the metabolism. Rev Bras Nutr Clin 2007; 22 (1): 83-
8.

Johnstone AM, Horgan GW, Murison SD, Bremner DM,
Lobley GE. Effects of a high-protein ketogenic diet on hunger,
appetite, and weight loss in obese men feeding ad libitum. Am J
Clin Nut 2008; 87: 44-55.

Inuzuka-Nakaharada LMI. Dieta cetogénica e dieta de Atkins
modificada no tratamento da epilepsia refratdria em criangas e
adultos. J Epilepsy Clin Neurophysiol 2008; 14 (2): 65-9.
Dawson-Hughes B. Interaction of Dietary Calcium and Protein
in Bone Health in Humans. J Nutr 2003; 133: 852S-854S.
Dargent-Molina P, Sabia S, Touvier M, Kesse E, Bréart G,
Clavel-Chapelon F. Proteins, dietary acid load, and calcium and
risk of postmenopausal fractures in the E3N French women
prospective study. J Bone Miner Res 2008; 23 (12): 1915-22.
doi: 10.1359/jbmr.080712

Keller, U. Dietary proteins in obesity and in diabetes. Int J
Vitam Nutr Res. 2011; 81 (2-3): 125-33. doi: 10.1024/0300-
9831/a000059

Hamrick MW, Ding KH, Ponnala S, Ferrari SL, Isales CM.
Caloric Restriction Decreases Cortical Bone Mass but Spares
Trabecular Bone in the Mouse Skeleton: Implications for the
Regulation of Bone Mass by Body Weight. J Bone Miner Res
2008; 23 (6): 870-8. doi: 10.1359/IBMR.080213

Fulzele K, Clemens TL. Novel functions for insulin in bone.
Bone 2012; 50 (2): 452-6. doi: 10.1016/j.bone.2011.06.018.
Ndiaye B, Cournot G, Pelissier Marie-Aches, Debray OW,
Lemonn D. Rat serum osteocalcin concentration is decreased
by restriction of energy intake. J Nutr 1995; 125 (5): 1283-995.
Parhami F, Tintut Y, Beamer WG, Gharavi N, Goodman W,
Demer LL. Atherogenic high-fat diet reduces bone mineraliza-
tion in mice. J of Bone and Mineral Res 2001; 16 (1):182-8.

“Protein diet” and bone tissue

Nutr Hosp. 2014;29(1):140-145 145





