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High-protein diet in morbidity obesity patient before bariatric 
surgery
Tratamiento nutricional hiperproteico precirugía bariátrica en obesidad mórbida
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Abstract

Objective: Compare the effectiveness of a hyperproteic hypocaloric feeding plan with a normoproteic on body composition, 
biochemical parameters and inflammatory cytokines in obese pre-bariatric surgery patients in the integral treatment. 
Method:  Seventy-six pre-bariatric surgery patients with body mass index (BMI) ≥ 40 kg/m² were studied. One group was 
treated with a hyperproteic hypocaloric diet and compared with a normoproteic hypocaloric diet. Biochemical parameters, 
anthropometric parameters, body composition and levels of tumor necrosis factor (TNF), interleukin (IL)-6 and IL-1b in serum 
were evaluated at the initiation of treatment and after 4 months. Results: In both groups studied, a decrease in weight, BMI 
and fat mass was observed, as well as an increase in muscle mass compared to baseline (p < 0.05), no differences showed 
between the groups studied. No change was found in the biochemical parameters and serum levels of TNF and IL-6 before 
and after 4 months of treatment, nor among the groups evaluated (p > 0.05). Serum IL-1b levels decreased after treatment 
with only a normoprotein hypocaloric diet (p = 0.02). Conclusions: Hyperproteic hypocaloric diet does not show advantages 
in weight reduction and body fat or in muscle mass gain compared to the normoproteic hypocaloric diet in patients with morbid 
obesity bariatric pre-surgery in the integral treatment.

Key words: Morbid obesity. High-protein diet. Bariatric surgery.

Resumen

Objetivo: Comparar la efectividad de un plan de alimentación hipocalórico hiperproteico con otro normoproteico sobre la 
composición corporal, los parámetros bioquímicos y las citocinas inflamatorias en pacientes obesos precirugía bariátrica so-
metidos a un tratamiento integral. Método: Se estudiaron 76 pacientes con un índice de masa corporal (IMC) ≥ 40 kg/m² 
previamente a la cirugía bariátrica. Un grupo fue tratado con una dieta hipocalórica hiperproteica y se comparó con una dieta 
hipocalórica normoproteica. Se evaluaron parámetros bioquímicos, parámetros antropométricos, composición corporal y valo-
res de citocinas inflamatorias en suero al inicio y después de 4 meses de tratamiento. Resultados: En ambos grupos se 
observó una disminución de peso, de IMC y de masa grasa, así como un incremento de la masa muscular respecto al mo-
mento basal (p < 0.05), sin diferencias entre los grupos estudiados. No se encontraron cambios en los parámetros bioquímicos 
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Introduction

Obesity and overweight are currently defined as an 
abnormal or excessive accumulation of fat of multifac-
torial etiology that can be detrimental for health, and 
that develops by an interaction of the influence of 
genetic, social, behavioral, psychological, metabolic, 
cellular and molecular factors1.

According to data from the World Health Organiza-
tion, the prevalence of obesity in the world has dou-
bled between 1980 and 2014. In 2016, more than 1900 
million adults aged 18 years or more had overweight, 
out of which more than 650 million were obese; 13% 
were obese women.2 In Mexico, results of the 2016 
National Survey on Health and Nutrition report a prev-
alence of overweight and obesity in adults aged 20 
years or more of 72.5%, with predominance of the 
female gender3.

Overweight and obesity as a result of an imbalance 
between energy and physical activity entails adipo-
cyte hypertrophy and hyperplasia, which overloads its 
functional capacity, thus causing adipocyte angiogen-
esis and hypoxia and immune system cell recruitment, 
such as pro-inflammatory macrophages that infiltrate 
adipocytes4,5. This macrophage infiltration activates 
signaling pathways that drive to cytokine production, 
such as tumor necrosis factor (TNF), interleukin 1b 
(IL-1b) and interleukin 6 (IL-6), which combined with 
C-reactive protein drive to a state of chronic low-grade 
inflammation and anti-inflammatory markers inhibition, 
as well as to a decrease in insulin receptors density 
and an increase in b3 receptors, which leads to lipoly-
sis. These effects drive to an increased risk for the 
development of cardiovascular conditions, type 2 dia-
betes and metabolic syndrome5,6.

Changes in lifestyle, dietary regimens and increas-
es in physical activity can be the first line of therapy 
in decreasing obesity and its complications7. Various 
studies show that there are nutritional factors that can 
modulate the immune system, including caloric in-
take8, types of fats9-11, carbohydrates12,13 and the 
amount of proteins12, which have a positive impact on 

inflammatory markers, body composition modifica-
tions and biochemical markers reduction.

Nutritional intervention has been shown to be a low 
cost and high effectiveness intervention in weight re-
duction7. However, so far there is not enough data that 
allow generating recommendations on which is the 
best distribution of macronutrients, which would give 
us a guideline to implement management protocols 
aimed at the obese patient. The purpose of this study 
was to assess the effectiveness of a hypocaloric, 
high-protein nutrition plan on the changes in body 
composition, lipid profile, insulin resistance and in-
flammatory cytokines in patients with morbid obesity 
prior to bariatric surgery, in comparison with a hypo-
caloric, normoproteic nutrition plan.

Method

Study population

Men and women older than 18 and younger than 50 
years with a body mass index (BMI) ≥ 40 kg/m², with 
or without comorbidity, who agreed to participate in 
the study and signed the informed consent letter were 
included. Subjects with autoimmune diseases, chronic 
kidney disease, pregnant women or subjects on phar-
macological treatment with steroids, non-steroidal 
anti-inflammatory drugs or immunomodulator agents 
were not included. The protocol was approved by the 
Committees of Research, Research Ethics and Bio-
safety of Hospital Juarez de Mexico with registration 
number HJM 0121/16.

Study design

The study group had a hypocaloric, high-protein 
nutrition plan (HP group: 50% carbohydrates, 25% 
protein and 25% lipids) and the control group had a 
hypocaloric, normoproteic nutrition plan (NP group: 
55% carbohydrates, 15% protein and 30% lipids). Both 
groups received 500 calories less than usual con-
sumption, estimated by 24-hour reminder, during a 

ni en las concentraciones séricas de factor de necrosis tumoral (TNF) e interleucina (IL)-6 antes y después de 4 meses de 
tratamiento, ni entre los grupos evaluados (p > 0.05). Las concentraciones séricas de IL-1b disminuyeron únicamente con la 
dieta hipocalórica normoproteica (p = 0.02). Conclusiones: La dieta hipocalórica hiperproteica no muestra ventajas en la 
reducción de peso y grasa corporal, ni en la ganancia de masa muscular, en comparación con la dieta hipocalórica normo-
proteica en pacientes con obesidad mórbida precirugia bariátrica sometidos a un tratamiento integral.

Palabras clave: Obesidad mórbida. Dieta hiperproteica. Cirugía bariátrica.
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4-month period. Both groups were comprehensively 
treated, which included specialized medical treatment, 
individual and family psychological and nutritional 
support and an exercise regimen.

Preoperative specialized medical examination con-
sisted of consultation with the internist and endocri-
nologist doctors every 2 months, consultation with the 
cardiovascular specialist and preoperative assess-
ment by the bariatric surgery department and, finally, 
a lung function evaluation by spirometry.

Preoperative individual psychological management 
was by monthly consultation, which consisted of an 
initial mental exam by means of a structured interview, 
continuing with Beck’s depression inventory anxiety 
and depression questionnaire and followed by a ther-
apy focused on cognitive-behavioral solutions. Preop-
erative and postoperative family psychological 
management was carried out monthly using systemic 
family therapy, with the family function index being 
used as evaluation instrument.

Adherence to the nutritional treatment was as-
sessed monthly using the 24-hour reminder instru-
ment and anthropometric (weight) and body 
composition (fat and lean mass percentage) measure-
ments. In addition, an educational intervention was 
carried out, which included workshop sessions every 
2 months with educational activities, focused on eat-
ing habits modification.

The preoperative exercise program consisted of 
aerobic exercise four to five times per week for 30 
minutes at moderate intensity (60 to 70% of maximum 
heart rate), and was complemented with resistance 
exercise twice weekly with three series of 10, working 
different muscles with 5 to 10% of body weight.

Determination of biochemical parameters, 
inflammatory cytokines and body 
composition 

A 5-mL sample of peripheral blood was taken at 
baseline and after 4 months of treatment for biochemi-
cal markers determination (fasting glucose, fasting 
insulin, total cholesterol, high-density lipoprotein 
[HDL] and low density-lipoprotein [LDL] cholesterol) 
by colorimetric enzymatic reaction with automated 
equipment (ADVIA 1800 analyzer, Siemens), and in-
sulin resistance using the homeostatic model (HOMA).

A 4-mL sample of peripheral blood was taken to 
determine serum IL-6, IL-1b and TNF concentrations 
(in pg/mL) using the capture beads method (Human 

Inflammatory Cytokine Kit, BD Cytometric Bead Array) 
for flow cytometry (BD Accuri C6).

Body composition was determined at baseline and 
at end of the intervention (fat mass percentage and 
lean mass percentage) by bioimpedance (Tanita MC-
780). The group with the high-protein diet underwent 
renal function testing at baseline and at the end of 
nutritional treatment

Statistical analysis

Normality of the groups was determined with the 
Kolmogorov-Smirnov test and between-group mean 
comparison was carried out using Student’s t-test for 
independent samples or Mann Whitney’s test. The 
study variables were compared before and after the 
nutrition treatment in the groups using paired Stu-
dent’s t-test or Wilcoxon test. Statistical analysis was 
performed with the SPSS statistical package, version 
20.0, with a p-value ≤ 0.05 being regarded as a sta-
tistically significant difference.

Results

Of the 120 patients who attended the Obesity and 
Metabolic Disorders Clinic during the period from August 
2016 to August 2017, 76 met the inclusion criteria, par-
ticipated in the study and signed their consent letter. The 
NP group was made up of 39 patients, out of which 77% 
were women (n = 30) and 23% were men (n = 9), with 
an mean age of 35.1 ± 8.01 years. The HP group con-
sisted of 37 patients, out of which 81.1% (n = 30) were 
women and 18.9% were men (n = 7), with a mean age 
of 35.7 ± 7.64 years. Three participants were excluded 
for treatment abandonment by personal decision, one in 
the NP group and two in the HP group; no patient ex-
perienced adverse effects deriving from the diet.

No significant differences were found at treatment 
baseline in terms of age, weight, BMI, percentage of 
fat and muscle, blood pressure, biochemical param-
eters and serum cytokines between study groups 
(Table 1).

Weight and body composition

The NP group had a baseline weight of 120.2 ± 
19.26 kg and a final weight of 115.21 ± 18.99 kg 
(p < 0.001), and a baseline BMI of 45.32 ± 6.02 kg/m2 

and a final BMI of 43.48 ± 6.12 kg/m2 (p < 0.001), which 
represented a loss of 4.1% on average during 4 months 
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of treatment. The percentage of baseline fat mass was 
54.30 ± 7.23% and final percentage was 51.29 ± 8.07% 
(p = 0.0005), and the percentage of baseline muscle 
mass was 45.39 ± 7.40% and final percentage was 
48.78 ± 8.19% (p = 0.0002), which represented a de-
crease of 2.58% and an increase of 2.95%, respec-
tively, after 4 months of treatment (Fig. 1).

The HP group started with an average weight of 
120.17 ± 22.36 kg and finished with 113.83 ± 21.98 kg 
(p = 0.001), and baseline BMI was 46.14 ± 6.96 kg/m2 

and final 43.70 ± 6.94 kg/m2 (p <0.001), which repre-
sents a 5.27% weight loss, without statistical differ-
ence with the NP group (p > 0.05). Baseline fat 
percentage in the HP group was 55.07 ± 8.42% and 
final was 51.82 ± 8.37% (p = 0.0001), and the percent-
age of baseline muscle mass was 44.14 ± 8.07 and 
final was 48.29 ± 8.93% (p = 0.0001), which repre-
sented a 3.25% decrease and 3.74% increase, re-
spectively, after 4 months of treatment. There were no 
significant differences in fat loss and muscle mass 
gain between groups (p > 0.05) (Fig. 1).

Biochemical parameters

In the NP group, fasting glucose (baseline 97.34 ± 
34.27 and final 93.6 ± 18.93 mg/dL; p = 0.5179), HDL 
cholesterol (baseline 38.13 ± 8.18 and final 38.30 ± 
8.35 mg/dL; p = 0.5110), LDL cholesterol (baseline 
115.47 ± 29.57 and final 110.41 ± 29.51 mg/dL; 
p = 0.2227), total cholesterol (baseline 163.28 ± 31.06 
and final 160.73 ± 33.00 mg/dL; p = 0.4103) and IR 
(baseline 7.03 ± 3.78 and final 6.50 ± 3.66; p = 0.4231) 
showed no significant differences with the normopro-
teic diet after 4 months of treatment.

In the HP group, fasting glucose (baseline 109 ± 
59.17 and final 96.43 ± 22.80 mg/dL; p = 0.0584), HDL 
cholesterol (baseline 40.89 ± 11.42 and final 41.56 ± 
10.33 mg/dL; p = 0.3202), LDL cholesterol (baseline 
115.53 ± 26.89 and final 109.30 ± 27.57 mg/dL; 
p = 0.2435), total cholesterol (baseline 167.48 ± 32.04 
and final 164.40 ± 27.65 mg/dl; p = 0.6554) and IR (6.77 
± 5.45 and final 5.82 ± 3.90; p = 0.1858) showed no 
significant differences after treatment. The biochemical 

Table 1. Study population demographic data at comprehensive 
treatment baseline

NP group
(n = 39)

HP group
(n = 37)

p

Age (years) 35.15 ± 8.01 35.78 ± 7.64 0.7272

Weight (kg) 120.20 ± 19.26 120.17 ± 22.36 0.9964

BMI (kg/m²) 45.32 ± 6.02 46.14 ± 6.96 0.5834

Fat (%) 54.30 ± 7.23 55.07 ± 8.42 0.3695

Muscle (%) 45.39 ± 7.40 44.14 ± 8.07 0.3581

BP (mmHg) 100.29 ± 9.65 98.39 ± 11.81 0.2625

Glucose (mg/dL) 97 ± 34.27 109 ± 59.17 0.7287

HDL cholesterol (mg/dL) 38.13 ± 8.18 40.89 ± 11.42 0.2324

LDL cholesterol (mg/dL) 115.47 ± 29.57 115.53 ± 26.89 0.9916

Total cholesterol (mg/dL) 163.28 ± 31.06 167.48 ± 32.04 0.5602

IR (HOMA) 7.03 ± 3.78 6.77 ± 5.45 0.2428

TNF (pg/mL) 4.8 ± 1.47 9.3 ± 3.41 0.9089

IL1‑b (pg/mL) 10.5 ± 2.49 8.7 ± 2.29 0.6226

IL-6 (pg/mL) 3.7 ± 0.65 2.4 ± 0.56 0.8132

Comorbidity
1
2
< 3

87.18%
53.84%
23.07%
10.25%

78.38%
37.83%
32.43%
8.10%

0%
‑
‑
‑

BMI: body mass index; BP: blood pressure; HDL: high-density lipoprotein; 
HP: hypocaloric, high-protein regimen; IL: interleukin; IR: insulin resistance; LDL: low-
density lipoprotein; NP: hypocaloric, normoproteic regimen; TNF: tumor necrosis factor.
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Figure 1. Effect of normoproteic and hyperproteic hypocaloric diets in 
morbidly obese subjects undergoing comprehensive treatment. Total 
fat mass percentage (A) and total muscle mass percentage (B) of mor-
bidly obese patients undergoing a 16-week hypocaloric, normoproteic 
regimen (NP group, n = 39) or a hypocaloric, high-protein regimen 
(HP group, n = 37). Paired Student’s t-test before and after treatment; 
p-values ​​are shown in the graph.
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parameters showed no differences between the NP 
and HP groups (p > 0.05) (Table 2).

Inflammatory cytokines serum 
concentrations 

In the NP group, IL-1b serum concentrations de-
creased by 25% after treatment (baseline 10.5 ± 2.49 
and final 7.8 ± 2.05 pg/mL; p = 0.0234), while TNF 
(baseline 4.8 ± 1.47 and final 5.1 ± 1.96 pg/mL; 
p = 0.8125) and IL-6 (baseline 3.7 ± 0.65 and final 3.6 
± 0.70 pg/ml; p = 0.9999) showed no statistically sig-
nificant changes after 4 months of treatment. In the HP 
group, IL-1b (baseline 0.87 ± 2.29 and final 0.68 ± 
1.90 pg/mL; p = 0.3750), TNF (baseline 0.93 ± 3.41 and 
final 0.48 ± 1.40 pg/mL; p = 0.9999) and IL-6 (baseline 
0.24 ± 0.56 and final 0.16 ± 0 pg/mL; p = 0.2031) serum 
concentrations had no significant changes after treat-
ment with the high-protein diet. There were no signifi-
cant changes between groups (Table 3).

Discussion

Hypocaloric diets with mild to moderate reduction 
of calories have an impact on weight reduction in pa-
tients with obesity. Various studies14-17 have reported 

a weight reduction of between 5 and 10%, with de-
creased body fat and with a slight increase or preser-
vation of muscle mass and an improvement in 
biochemical parameters in overweight or obese pa-
tients. We found a reduction of 4.1 and 5.2% in weight 
after 4 months of treatment in patients with morbid 
obesity, which is consistent with previous reports14-17.

Sacks et al.14 assessed four types of hypocaloric 
diets, two of them hyperproteic, in overweight or 
obese patients (BMI of 25 to 40 kg/m²) and without 
comorbidity, for 6 months, and found a similar weight 
reduction in all evaluated groups, with a decreased 
lipid profile and better insulin sensitivity regardless of 
macronutrient distribution. Our studio also found a 
weight reduction regardless of protein distribution in 
the diet, without an improvement in lipid profile and 
insulin resistance being found; these differences 
might be due to the degree of obesity (morbid obesity) 
and to a higher insulin resistance in our patients with 
regard to the population studied by Sacks et al.14, in 
addition to the presence of comorbidity and a shorter 
intervention time (4 months).

Salas-Salvado et al.15 studied a similar population 
to that of our study (morbidly obese subjects), but with 
no comorbidity, with a strict hypocaloric (800 total 
calories) and high-protein diet with 10% more of 

Table 2. Biochemical parameters before and after comprehensive treatment in the study groups

NP group (n = 39) HP group (n = 37)

Baseline Final p Baseline Final p

Glucose mg/dL) 97 ± 34.27 93.68 ± 18.93 0.5179 109 ± 59.17 96.43 ± 22.80 0.0584

HDL (mg/dL) 38.13 ± 8.18 38.38 ± 8.35 0.5110 40.89 ± 11.42 41.56 ± 10.33 0.3202

LDL (mg/dL) 115.47 ± 29.57 110.41 ± 29.51 0.2227 115.53 ± 26.89 109.30 ± 27.57 0.2435

Cholesterol (mg/dL) 163.28 ± 31.06 160.73 ± 33.00 0.4103 167.48 ± 32.0 164 ± 27.65 0.6554

IR 7.03 ± 3.78 6.50 ± 3.66 0.4231 6.77 ± 5.45 5.82 ± 3.90 0.1858

IR: insulin resistance; HDL: high density lipoprotein; HP: hypocaloric, high-protein regimen; LDL: low density lipoprotein; NP: hypocaloric, normoproteic regimen.

Table 3. Inflammatory cytokines before and after comprehensive treatment in the study groups

NP group (n = 39) HP Group (n = 37)

Baseline Final p Baseline Final p

TNF (pg/mL) 4.8 ± 1.47 5.1 ± 1.96 0.8125 9.3 ± 3.41 4.8 ± 1.40 0.999

IL-1β (pg/mL) 10.5 ± 2.49 7.8 ± 2.05 0.0234 8.7 ± 2.29 6.8 ± 1.90 0.3750

IL-6 (pg/dL) 3.7 ± 0.65 3.6 ± 0.70 0.999 2.4 ± 0.56 1.6 ± 0.48 0.2031

HP: hypocaloric, high-protein regimen; IL: interleukin; NP: hypocaloric, normoproteic regimen; TNF: tumor necrosis factor.
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protein content, and found a reduction of biochemical 
parameters and inflammatory cytokines; our study 
found no differences in these parameters, probably 
because of the different study conditions and the het-
erogeneity of socio-economic, cultural and geographi-
cal characteristics.

 Regarding inflammatory markers, in our study, pa-
tients showed a trend to a decrease, which was sig-
nificant for serum IL-1b concentrations for patients in 
the NP group. TNF, IL-1b and IL-6 are known to be 
locally overexpressed in adipose tissue, sometimes 
being able to reach a systemic increase; therefore, we 
evaluated cytokines systemically, as a reflection of 
what it could be happening in the adipose tissue; how-
ever, very low cytokine values ​​were detected, very 
close to the minimum level of detection of the used 
method, which might not be reflecting what occurs in 
the fatty tissue of morbidly obese subjects On the 
other hand, serum cytokine concentrations are influ-
enced by other conditions, such as diabetes, hyperuri-
cemia and dyslipidemia, among others. In addition, as 
long as there are pro-inflammatory mediators, regula-
tory mechanisms are activated, such the release of 
IL-10 and Transforming Growth Factor (TGF)-b, which 
have anti-inflammatory properties, and release of TNF 
soluble receptor and IL-1b antagonistic receptor, which 
neutralize the effects of their respective cytokines18. 

Although the studies by Salas-Salvado et al.15 and 
Bruun et al.19 showed differences in serum cytokine con-
centrations, this apparent discrepancy with our study 
could be explained by the presence of comorbidity, the 
degree of obesity and the strict treatment regimen of the 
study patients. Future studies will be necessary to as-
sess our treatment, with a longer intervention time when 
it comes to morbidly obese subjects.

Our findings add to the results found by other au-
thors: the obese patient, by continuing with this condi-
tion, keeps presenting the inductors to trigger a low 
grade chronic inflammation, and this is more marked 
in morbidly obese subjects because they have a larger 
amount of fat mass. Finally, adherence to the dietary 
plan is the most decisive factor to achieve a significant 
weight loss. Therefore, these diets have the advan-
tage of individually adapting respecting personal pref-
erences, habits, culture and economic availability, and 
with higher likelihood of success in the long term.

Conclusion

The hypocaloric, high-protein diet shows no advan-
tages in weight and body fat reduction or muscle mass 

gain in comparison with the hypocaloric, normoproteic 
diet in patients with morbid obesity undergoing com-
prehensive treatment. The hypocaloric diet in patients 
with morbid obesity, regardless of macronutrient dis-
tribution, achieves weight reduction and improves 
body composition.

Conflict of interests

The authors declare that they have no conflicts of 
interests.

References

	 1.	 Obesity: preventing and managing the global epidemic. Report of a WHO 
consultation. World Health Organ Tech Rep Ser. 2000;894:i-xii.1-253.

	 2.	 Organización Mundial de la Salud. Ginebra: OMS; 2017. (Actualizado en 
octubre de 2017; consultado el 9 de febrero de 2018.) Obesidad y so-
brepeso: nota descriptiva. Disponible en: http://www.who.int/mediacen-
tre/factsheets/fs311/es

	 3.	 Encuesta Nacional de Salud y Nutrición de Medio Camino 2016 (ENS-
ANUT 2016). Informe final de resultados. Instituto Nacional de Salud 
Pública. 31 de octubre de 2016. (Consultado el 9 de febrero de 2018.) 
Disponible en: http://transparencia.insp.mx/2017/auditorias-insp/12701_
Resultados_Encuesta_ENSANUT_MC2016.pdf

	 4.	 Zeyda M, Stulnig TM. Adipose tissue macrophages. Immunol Lett. 
2007;112:61-7.

	 5.	 Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link between 
insulin resistance, obesity and diabetes. Trends Immunol. 2004;25:4-7.

	 6.	 Gregor MF, Hotamisligil GS. Inflammatory mechanisms in obesity. Annu 
Rev Immunol. 2011;29:415-45.

	 7.	 Yumuk V, Tsigos C, Fried M, Schindler K, Busetto L, Micic D, et al. 
European guidelines for obesity management in adults. Obes Facts. 
2015;8:402-24.

	 8.	 Reilly SM, Saltiel AR. Adapting to obesity with adipose tissue inflam-
mation. Nat Rev Endocrinol. 2017;13:633-43.

	 9.	 Siri-Tarino PW, Sun Q, Hu FB, Krauss RM. Meta-analysis of prospective 
cohort studies evaluating the association of saturated fat with cardiovas-
cular disease. Am J Clin Nutr. 2010;91:535-46.

	 10.	 Cruz-Teno C, Pérez-Martínez P, Delgado-Lista J, Yubero-Serrano EM, 
García-Ríos A, Marín C, et al. Dietary fat modifies the postprandial in-
flammatory state in subjects with metabolic syndrome: the LIPGENE 
study. Mol Nutr Food Res. 2012;56:854-65.

	 11.	 Bonfanti N, Fernández JM, Gómez-Delgado F, Pérez-Jiménez F. [Effect 
of two hypocaloric diets and their combination with physical exercise on 
basal metabolic rate and body composition]. Nutr Hosp. 2014;29:635-43.

	 12.	 Merino J, Kones R, Ferré R, Plana N, Girona J, Aragonés G, et al. Ne-
gative effect of a low-carbohydrate, high-protein, high-fat diet on small 
peripheral artery reactivity in patients with increased cardiovascular risk. 
Br J Nutr. 2013;109:1241-7.

	 13.	 Volek JS, Ballard KD, Silvestre R, Judelson DA, Quann EE, Forsythe CE, 
et al. Effects of dietary carbohydrate restriction versus low-fat diet on 
flow-mediated dilation. Metabolism. 2009;58:1769-77.

	 14.	 Sacks FM, Bray GA, Carey VJ, Smith SR, Ryan DH, Anton SD, et al. 
Comparison of weight-loss diets with different compositions of fat, pro-
tein, and carbohydrates. N Engl J Med. 2009;360:859-73.

	 15.	 Salas-Salvadó J, Bulló M, García-Lorda P, Figueredo R, Del Castillo D, 
Bonada A, et al. Subcutaneous adipose tissue cytokine production is not 
responsible for the restoration of systemic inflammation markers during 
weight loss. Int J Obes (Lond). 2006;30:1714-20.

	 16.	 Krieger JW, Sitren HS, Daniels MJ, Langkamp-Henken B. Effects of 
variation in protein and carbohydrate intake on body mass and compo-
sition during energy restriction: a meta-regression 1. Am J Clin Nutr. 
2006;83:260-74.

	 17.	 García-Unciti M, Martínez JA, Izquierdo M, Gorostiaga EM, Grijalba A, 
Ibáñez J. Effect of resistance training and hypocaloric diets with different 
protein content on body composition and lipid profile in hypercholestero-
lemic obese women. Nutr Hosp. 2012;27:1511-20.

	 18.	 Moreno-Eutimio MA, Acosta-Altamirano G. The immunometabolism of 
exercise and sedentary lifestyle. Cir Cir. 2014;82:344-51.

	 19.	 Bruun JM, Verdich C, Toubro S, Astrup A, Richelsen B. Association 
between measures of insulin sensitivity and circulating levels of interleu-
kin-8, interleukin-6 and tumor necrosis factor-alpha. Effect of weight loss 
in obese men. Eur J Endocrinol. 2003;148:535-42.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

20
20

http://www.who.int/mediacentre/factsheets/fs311/es
http://www.who.int/mediacentre/factsheets/fs311/es
http://transparencia.insp.mx/2017/auditorias-insp/12701_Resultados_Encuesta_ENSANUT_MC2016.pdf
http://transparencia.insp.mx/2017/auditorias-insp/12701_Resultados_Encuesta_ENSANUT_MC2016.pdf

