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Abstract. – OBJECTIVE: Very low-calorie diets (VLCDs, < 800 kcal day-1) and Ketogenic diet
(KD) are generally used as part of integrated intervention, medical monitoring and a program of
lifestyle modification, to improve a multitude of
clinical states. The effect of three different very
low calories KD (VLCKD), with (VLCKD1) or without (VLCKD2,3) synthetic amino acid replacement
of the 50% protein intake, were analyzed after
weight loss.
PATIENTS AND METHODS: The clinical study
used a cross-over randomized double-blind placebo-controlled trial. Obese subjects, who were eligible for the study, were randomly (R) divided into three groups: one intervention group (IG) and
two control groups (CG1 and CG2). We comprehensively analyzed body composition, serum
metabolites, superoxide dismutase (SOD1), nuclear factor kappa-light-chain-enhancer of activated B cells (NfKB), Chemokine (C-C Motif) Ligand 2 (CCL2) gene expression.
RESULTS: After VLDKDs a significant decreased in BMI was observed. TBF (kg) significantly decrease after VLCKD1 and VLCKD3. After
VLCKD2, a reduction of waist circumference (p =
0.02), FM L2-L5 (p < 0.05) was observed. After
VLCKD1 reduction of IMAT (p = 0.00), LDL-C (p =
0.00) and HDL-C (p = 0.00) were observed. No
significant changes of GH, ESR, and fibrinogen
were highlighted. CRP (p = 0.02) reduced significantly after VLCKD3. Significant modulation of
SOD1 expression (p = 0.009), CRP and decrease
of glucose levels (p = 0.03) were obtained after
VLCKD3.

CONCLUSIONS: This is the first study that
analyzes comprehensively body composition,
metabolic profile, and inflammation and oxidative stress genes expression after VLCKD. Our
results show the efficacy of VLCKD with synthetic aminoacidic protein replacement, for the
reduction of cardiovascular risk, without the
development of sarcopenia and activation of inflammatory and oxidative processes.
Key Words:
Obesity, Ketogenic diet, Inflammation, Glucose,
Lipid profile.

Introduction
The effects of diet on metabolic pathways related to obesity, diabetes, cardiovascular diseases, and other chronic non-communicable diseases (CNCD) are currently under investigation.
The primary determinant of weight loss is energy
deficit, and several dietary strategies available,
divided between low calories diet (LCD, 800
kcal day-1) and very-low-calorie diets (VLCDs,
< 800 kcal day-1)1 can arise this goal.
VLCDs are generally used as part of an integrated intervention that includes medical monitoring and a program of lifestyle modification,
and they are considered safe and effective at the
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condition that it is used for highly selected patients, under careful medical supervision2.
VLCDs includes the very-low-carbohydrate
and high-fat ketogenic diet (VLCKD), and the
therapeutic use of this dietary treatment (DT) has
been extensively studied for the amelioration of a
multitude of clinical states, to manage obesity,
diabetes, epilepsy, seizure disorders, and malignancies of the central nervous system3-7. VLCKD
is becoming an elective choice to promote weight
loss, especially in the case of severe obesity and
its metabolic complications, because this dietary
regimen seems to be more effective than the traditional calorie restriction. The VLCKD creates a
distinctive, but not well defined, cellular, molecular, and integrated metabolic state.
The effect of the ketogenic diet (KD) and VLCKD on lipid metabolism and the mechanisms
through which it can promote weight loss remains controversial8.
According to Ellenbroek et al9 after long-term
treatment, KD lead to increasing of plasma markers associated with dyslipidemia and inflammation, such as cholesterol, triglycerides, leptin,
monocyte chemotactic protein-1, IL-1beta, and
IL-6 without weight loss. However, different papers referred opposite effects. It has been demonstrated that inflammation and thermal nociception was significantly attenuated by KD treatment10, probably because the KD decreases reactive oxygen species (ROS) production by increasing the expression and activity of mitochondrial uncoupling proteins11.
Garbow et al12 reported that, in C57BL/6J mice,
a very low-carbohydrate, low-protein, and high-fat
ketogenic diet determines a reduction, up to the
suppression, of the expression of inflammatory cytokines and chemokines, as well as the production
of reactive species oxy-hydrogen (ROS).
Mutations in the gene encoding the enzyme
Cu/Zn superoxide dismutase 1 (SOD1) were the
first mutation identified to be associated with familial amyotrophic lateral sclerosis (ALS). It has
been demonstrated that a ketogenic diet in the
G93A-SOD1 transgenic mice model of ALS promotes ATP synthesis and neuroprotection7.
In the context of tumor hypoxia and angiogenesis, animals fed ad libitum with KD significantly reduced the activation of Nuclear Factor of
Kappa light polypeptide gene enhancer in β-cells
(NF-κB), blood glucose, and increased blood βhydroxybutyrate levels (βHB) levels13.
Although low-carbohydrate ketogenic diets are
effective for weight control, comprehensive de330

termination of their relationships with quality of
loss, regarding total body fat (TBF) mass loss
and maintenance of total body lean (TBL) mass,
metabolic states, inflammatory and oxidative
stress profile, remains of extreme importance.
In the present study, we wanted to check the
criterion of efficacy and safety in the short term
of VLCKD. We asked whether body composition, lipid and glucose profiles, inflammatory and
oxidative stress responses could be modulated in
a different manner by three different dietary
treatments (DTs). We conducted a randomized
double-blind placebo-controlled trial, and we
comprehensively analyzed body composition,
serum metabolites, superoxide dismutase
(SOD1), nuclear factor kappa-light-chainenhancer of activated B cells (NfKB),
Chemokine (C-C Motif) Ligand 2 (CCL2) gene
expression in obese subjects during weight loss
with different DTs.

Patients and Methods
Clinical Study Design and Participants
The clinical study used a crossover randomized double-blind trial with placebo, between
October 2015 and April 2016. Subjects were consecutively recruited within a program of a routine
medical check-up at the Section of Clinical Nutrition and Nutrigenomic, University of Rome
“Tor Vergata”.
Eligibility criteria for the study were as follows: age between 18 and 65 years, BMI ≥25
kg/m2, the percentage of body fat (PBF) ≥ 25%
for male, and ≥ 30% for female. On the other
hand, exclusion criteria were as follows: pregnancy, breastfeeding, type 1 diabetes, heart failure, endocrine disorders, liver dysfunction, liver,
kidney, autoimmune, viral chronic (Hepatitis C,
B, HIV), neurologic disorders, and neoplastic
diseases; corticosteroid and chronic inflammatory therapy; participating in another diet trial.
Subjects, who were eligible for the study, were
randomly (R) divided into three groups: one intervention group (IG) and two control groups
(CG1 and CG2) were utilized. A simple randomization was carried out and was determined by an
external contract research organization and coordinated with the Section of Clinical Nutrition and
Nutrigenomic, at the University of Rome “Tor
Vergata”, independently of the investigators. For
each group 20 subjects were allocated.
The study was conducted in double blind.
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The study had no. 3 DTs conducted in three
arms: (1) a VLCKD1, in which 50% of protein intake is replaced with synthetic amino acids; (2) a
VLCKD 2 with placebo; (3) a VLCKD 3 with
placebo.
At arm no. 1 for three weeks (wks), the group
IG received the VLCKD 1, the group CG1 received the VLCKD2, and the group CG2 received
the VLCKD3. After 3 wks of washout period, to
avoid additive effects on treatments to follow, the
DT for each group was reversed (arm no. 2). After 3 wks of washout period, the DT for each
group was reversed again (arm no. 3).
At the Baseline (T0) and at the end of each
arm (T1), all the subjects were evaluated for their
health and nutritional status, by anthropometric,
body composition, biochemical evaluation. Furthermore, the genomic profile was evaluated for
every participant.
It was asked to the subjects not to change their
lifestyle habits. Any adverse effect has been
properly signed.
The first outcome was the evaluation of body
composition changes after DTs, evaluated by anthropometry and Dual X-ray Absorptiometry
(DXA). The second outcome was the evaluation
of metabolic profile by blood analysis. The third
outcome was the evaluation of nutrigenomic profile by transcriptomic analysis.
The participants received no financial compensation or gifts. All measurements were performed
at the Section of Clinical Nutrition and Nutrigenomic, Department of Biomedicine and Prevention of the University of Rome “Tor Vergata”.
All subjects gave informed consent to participate in the interventional study, which was performed, in accordance with principles of the Declaration of Helsinki. All procedures followed
were in accordance with the ethical standards of
the responsible committee on human experimentation (Ethics Committee “Centro, Calabria Region” 30.11.02.2016).
Clinical trial registration: the study has been registered by ClinicalTrials.gov Id: NCT01890070.
Sample Size
The minimum sample size was calculated with
respect to a two-tailed one-sample Student’s ttest, considering as (1) insulin level to be detected between the two DTs | | ≥ 15 µU/mL − 1, (2)
SD of the paired differences SD = 15 µU/mL − 1,
(3) type I error probability α = 0.05 and power 1
− β = 0.90. The result was a minimum sample
size of 10 per group.

Dietary Treatment
We selected three different VLCKD, in which
the daily kcal amount was calculated subtracting
to the estimated basal metabolism 1000 kcal/day.
We considered a diet as ketogenic, when a number of carbohydrates were < 50 g/day.
The VLCKD1 aimed at a daily energy intake
of 450-500 kcal per day for female, with 35-45%
of calories from proteins (corresponding to 1.2
g/kg of ideal body weight), 45-50% from fat (<
10% of calories from saturated fat), and 15%
from carbohydrates (< 20 g). The VLCKD1 for
male aimed at a daily energy intake of 650-700
kcal, with 50-55% of calories from proteins (corresponding to 1.5 g/kg of ideal body weight), 3540% from fat (< 10% of calories from saturated
fat), and 10% of calories from carbohydrates (<
20 g). Both VLCKD1 provided an intake of 20
mg of fiber per day. The half of the amount of
daily protein was reached using synthetic
aminoacid supplementation (SAS), contained:
whey protein (13.42/bag), carbohydrate
(0.03/bag), fat (0.15/bag), isoleucine (0.31/bag),
ornithine alpha-ketoglutarate (0.25/bag), L-citrulline (0.25/bag), taurine, (0.25/bag), L-tryptophan (0.05/bag), potassium citrate (0.45/bag), for
a total of 64 kCal (268 KJ) (Macresces, Italfarmacia srl, Rome, Italy). The powder of
aminoacid was dissolved in water and drunk at
breakfast and lunch or dinner.
The VLCKD2 aimed at daily energy intake of
450-500 kcal for female with 20-30% of calories
from proteins (corresponding to 0.9 g/kg of ideal
body weight), 45-50% from fat (< 10% of calories from saturated fat) and 20-25% of calories
from carbohydrates (< 35 g; > 80% from simple
sugars). The VLCKD2 for male aimed at a daily
energy intake of 650-700 kcal with 45-50% of
calories from proteins (corresponding to 1.1 g/kg
of ideal body weight), 35-40% fat (< 10% of
calories from saturated fat) and 20-25% of calories from carbohydrates (< 35 g; > 80% from
simple sugars). Both treatments provided an intake of 20 mg of fiber per day.
The VLCKD3 aimed at an energy intake of
450-500 kcal per day for female with 25-35% of
calories from proteins (corresponding to 0.9 g/kg
of ideal body weight), 45-50% from fat (< 10%
of calories from saturated fat) and 20-25% of
calories from carbohydrates (< 30 g; > 35% from
complex sugars). The VLCKD3 for male aimed at
a daily energy intake of 650-700 kcal with 4550% of calories from proteins (corresponding to
1.1 g/kg of ideal body weight), 35-40% fat (<
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10% of calories from saturated fat) and 15-20%
of calories from carbohydrates (< 30 g; > 35%
from complex sugars). Both treatments provided
an intake of 20 mg of fiber per day.
The CG1 and CG2 received VLCKD2 and VLCKD3 respectively, with the placebo represented
by inert material (flour type 00). The powder of
placebo was dissolved in water and drunk at
breakfast and lunch or dinner.
In all DTs, a capsule of multivitamin, proper
integration of mineral salts and an alkalizing
product were prescribed. The correct administration of diet was evaluated by urinary keto-stick.
Anthropometric Measurements
After a 12-hour overnight fast, all subjects underwent anthropometric evaluation. All the individuals were instructed to take off their clothes
and shoes before undergoing the measurements.
Waist and hip circumferences were taken using a flexible steel metric tape to the nearest 0.5
cm. Hip circumference was measured according
to International Society for the Advancement of
Kin anthropometry protocol taken at the greatest
posterior protuberance of the buttocks. Waist circumference was measured just above the iliac
crest to the nearest 0.1 kg, using a balance scale
(Invernizzi, Rome, Italy). Height (m) was measured using a stadiometer to the nearest 0.1 cm
(Invernizzi, Rome, Italy). BMI was calculated using the formula: BMI = body weight /height2
(kg/m2).
Dual X-ray Absorptiometry
To assess body composition analysis given the
possibility to measure total body fat (TBF) and
total body lean (TBL), DXA (i-DXA, GE Medical Systems, Milwaukee, WI, USA).
The technique combined a total body scanner,
an X-ray source, an internal wheel to calibrate
the bone mineral compartment, and an external
lucite/aluminum phantom to calibrate soft mass.
Calibration and verification of the reproducibility
of the data were daily performed. The subjects
have received instructions before attending to the
medical views. Individuals were asked to remove
all clothing except for undergarments including
shoes, socks, and metal items before beginning
DXA examination in the supine position, with
the scan from the head and moving in a rectilinear pattern down the body to the feet. The average measurement time was 20 min. The effective
radiation dose from this procedure is about 0.01
mSv. The coefficient of variation (coefficient of
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variation = 100 × SD/mean) intra and inter-subjects ranged from 1% to 5%. The coefficient of
variation for bone measurements is less than 1%;
coefficient of variation on this instrument for five
subjects scanned six times over a nine months
period were 2.2% for TBF, and 1.1% for TBL.
Total body fat percentage (PBF) was calculated as TBF mass divided by total mass of all tissues, considering also the total body bone (TBB),
as the follow:
PBF = (TBF + TBL + TBB) × 100.

(1)

Equations used for the percentage estimation
of fat mass for region and tissue parameters were
the following:
Region (%) = [TBF (kg) / (TBF (kg) + TBL (kg)
+ BCM (kg)] × 100
(2)
Tissue (%) = [TBF (kg) / (TBF (kg) + TBL
(kg)] × 100
(3)
where BCM represents the Bone Mineral Content.
Appendicular Skeletal Muscle Mass Index
(ASMMI)
ASMMI = (Legs Muscle Mass (kg) + Arms
Muscle Mass (kg)/Height (m 2 )
(Men < 7.59 kg/m2, Women < 5.47
(4)
kg/m2).
Intermuscular Adipose Tissue (IMAT) was calculated according to Bauer et al14 with the following formulas:
Log (IMAT) = [-2.21 + (0.12 × fat) + (-0.0013
(5)
× fat2)] for women
Log (IMAT) = [-2.05 + (0.12 × fat) + (-0.0013
(6)
× fat2)] for men
Body fat mass (FM) relative to the lumbar area
was calculated taking into account the area between the lumbar spine 2 (L2) and lumbar spine
5 (L5).
Hand Grip Strength Analysis
For the strength evaluation it was used an
electronic dynamometer (DynEx, Akern, Florence, Italy). The subjects were given complete
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instructions on the testing procedure, as specify
by Shechtman et al 15 . The participants performed all grip strength tests in the seated position. The subjects were seated in a chair without
arm rests, with feet on the floor, hips as far back
in the chair as possible, and the hips and knees
positioned at approximately 90 degrees. The
shoulder of the tested extremity was adducted
and neutrally rotated, the elbow flexed at 90 degrees, the forearm in neutral position and the
wrist between 0 and 30 degrees of dorsiflexion
and between 0 and 15 degrees of ulnar deviation. Subjects were instructed to maintain their
position during the grip strength test. Three repetitions were executed consecutively by the
right hand and only then by the left hand. There
was a 30-second rest period between each of the
three repeated trials and a two-minute rest period between each hand.
Biochemical Analyses
Blood tests were performed at each time of
evaluation, after a 12-hour overnight fast. Blood
samples (10 mL) were collected into sterile tubes
containing EDTA (Vacutainer®). All materials
were immediately placed on ice and plasma was
separated by centrifugation at 1600 × g for 10
min at 4°C.
Laboratory test included complete blood
count, Hemoglobin (HB) and Hematocrit blood
testing (HBT), fasting glucose, Total cholesterol
(TC), HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-C), triglycerides (Tg), fibrinogen,
Erythrocyte Sedimentation Rate (ESR), C-reactive protein (CRP), Insuline (I), insulin growth
factor-1 (IGF-1) and growth Hormone (GH) levels were recorded at baseline, and at the end of
each arms. All clinical chemistry analyses, except glucose, serum lipid, CRP, and triglycerides
analysis, were carried out with an ADVIA®1800
Chemistry System (Siemens Healthcare, Munich,
Germany).
Plasma glucose concentrations were measured
using the glucose oxidase method with an automated glucose analyzer (COBAS INTEGRA
400, Roche Diagnostics, Indianapolis, IN, USA),
Serum lipid profile components were determined
by standard enzymatic colorimetric techniques
(Roche143 Modular P800, Roche Diagnostics,
Indianapolis, IN, USA). Serum CRP was measured by a high-sensitivity sandwich enzyme immunoassay from Immundiagnostik (Immundiagnostik AG, Bensheim, Germany). Serum triglycerides were measured on the Beckman Synchron

LX20 (LX20; Beckman Coulter, Brea, CA,
USA) automated system by a coupled enzymatic
method that produces a red-coloured complex.
All tests were performed using the same lot of
reagents or assay plates to minimize variability
due to differences in reagent lots.
Lipid Accumulation Product (LAP) is an index, calculated through waist circumference
(WC) and triglyceride (TG) ratio according to the
formula:
LAP = [waist circumference (cm) – 58] ×
triglycerides (mmol/l)16,17.
(7)
Inflammatory indices Platelet Lymphocyte ratio (PLR) and Neutrophils Lymphocytes ratio
(NLR) were evaluated during the study18.
Analyses were carried out at the accredited
Clinical Chemical Laboratories of the “University Hospital Tor Vergata” of Rome, Italy.
Sample Collection, RNA Extraction,
and Reverse Transcription
A blood sample was collected and stabilized in
Tempus Blood RNA Tubes (Applied Biosystems,
Foster City, CA, USA), and stored at -20°C until
RNA extraction. The total RNA of each collected
sample was purified using the Stabilized Blood
to Ct Nucleic Acid Preparation Kit for qPCR
(Life Technologies, Carlsbad, CA, USA).
Aliquots of total RNA were quantified and assessed for quality by spectrophotometry (Nanodrop, Wilmington, DE, USA) and agarose gel
electrophoresis. Reverse transcription of each
sample of RNA was performed with High Capacity RNA-to-cDNA Kit (Applied Biosystems,
Foster City, CA, USA).
Quantitative Real Time PCR and
Data Analysis
Real-time PCR was performed and analyzed
using Taqman Gene Expression Assay primerprobe sets. We analyzed the following genes: superoxide dismutase 1 (SOD1) (Hs00533490_m1),
Peroxisome proliferator activated receptor-γ
(PPAR-γ) (Hs00234592_m1), Nuclear factor kappa-light-chain-enhancer of activated B cells
(NfKB) (Hs00765730_m1), Chemokine (C-C Motif) Ligand 2 (CCL2) gene (Hs00234140_m1).
Each qRT-PCR experiment was performed in triplicate and repeated at least twice, according to
manufacturer’s instruction (Applied Biosystems,
Foster City, CA, USA).
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Comparative threshold (Ct) cycle was used to
determine gene expression level relative to the
calibrator from controls. The Ct value for each
gene was normalized using the formula:
∆Ct = Ct (gene) – Ct (Housekeeping Gene).

(8)

The housekeeping gene used for this analysis
was Actin β (Hs01060665_g1) (Applied Biosystems, Foster City, CA, USA).
Statistical Analysis
A paired t-test or a non-parametric Wilcoxon
test were performed to evaluate differences at
baseline and after a nutritional intervention.
The differences between parameter at baseline
and after diet were calculated as the follow:
∆% = [(Z-W)/W] × 100

(9)

where ∆% is the percentage variation of each
parameter, calculated as the ratio of absolute
variation to the base value.
The null hypothesis was rejected at the 0.05
level of probability.

Results
Of the sixty-five subjects enrolled from October 2015 to April 2016, five of them did not meet
the inclusion criteria, therefore sixty participants
resulted eligible for the study. Two subjects included in IG of arm 1, and one included in GC2
declined to participate after one week; two subjects included in IG of arm 2 declined to participate after two weeks, and one after two weeks of
the arm3.
Fifty-four patients completed the study, with a
mean age of 44.60 ± 15.06 years. The population
was represented by the 70% female and 30%
male.
At baseline (T0), the mean of BMI was 31.31
± 3.32 kg/m2. According to BMI the 50% of the
population was overweight and the 50% was
obese. All the subjects were obese according to
TBF percentage, estimated by DXA (> 30% for
female, > 25% for male).
At baseline only 10% of study population had
metabolic syndrome according to international
diabetes federation (IDF). After all the DT no
subject had the inclusion criteria for metabolic
syndrome diagnosis19.
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Comparison of body composition parameters
after 3 wks of each DTs are shown in Table I-II.
All groups had a significant decreased in BMI:
after VLCKD1 the ∆% of BMI was = -4.72% (p =
0.00), after VLCKD 2 the ∆% of BMI was = 6.1% (p = 0.00) and after VLCKD3 the ∆% of
BMI was = -7.84% (p = 0.00).
After VLCKD 1 treatment a significant decrease of Android Fat Percentage (AFP) of tissue
(∆% = -1.8%, p = 0.01), TBF (kg) (∆% = -7.8%,
p = 0.00), and tissue TBF percentage (∆% = 0.9% p = 0.03) were highlighted.
IMAT value decreased in all diet treatments,
but only in VLCKD1 a significant reduction was
observed (p = 0.00).
After VLCKD2, there was a significant reduction of waist circumference (p = 0.02), accordingly with the result of FM L2-L5 (p < 0.05).
Conversely, to the other two DTs, no significant
changes were observed for hip circumferences
and fat mass parameters.
VLCKD3 determined a significant decrease of
TBF (kg) (∆% = -7.9%, p = 0.00), and Fat Mass
L2-L5 (FM L2-L5) (p < 0.05).
VLCKD1 determined a significant reduction of
TBL mass (kg) (∆% = -4.7%, p = 0.01).
VLCKD2 treatment did not change any lean mass
parameters. After VLCKD3 there was a significant lowering of TBL mass (kg) (∆% = -7.8%, p
= 0.00).
Contrary to the two other treatments, VLCKD3
determined a significant decrease of ASMMI (p
= 0.00). However, submaximal resistance time
(at 70%), measured by handgrip, was significantly reduced only after VLCKD1 treatment (p =
0.01).
Comparison of blood parameters after 3 wks
of each DTs are shown in Table III and IV.
Blood tests underlined a significant reduction
for White Blood Cells (p = 0.00), neutrophils (p
= 0.01) and lymphocytes (p = 0.00) in VLCKD1
treatment. Even after VLCKD2 it was underlined
a significant decrease of lymphocytes (p = 0.01),
but no other changes in blood tests were observed.
No changes were observed in RBC, hemoglobin, and hematocrit values.
PLR index increased significantly (∆%=
+17.3%, p = 0.00) only after VLCKD 1. Red
Blood cells number (RBC) significantly increased after VLCKD3 treatment (p = 0.03).
After VLCKD1, it was noticed a significative
lowering of lipid profile values like TC (∆% = 16.1%, p = 0.00), LDL-C (∆% = -21.4%, p =

121.50 ± 15.28
(100.00-150.00)
80.00 ± 9.43
(70.00-100.00)
72.30 ± 5.72
(64.00-81.00)
30.10 ± 4.16
(24.42-37.00)
89.75 ± 9.96
(78.00-109.00)
45.10 ± 6.12
(38.00-59.00)
43.10 ± 6.77
(29.00-50.00)
40.70 ± 6.48
(32.00-51.00)
39.20 ± 6.03
(31.00-49.00)
31.69 ± 5.28
(22.28-43.31)
47.60 ± 12.30
(37.51-68.83)
7.96 ± 1.60
(6.30-11.34)
1.38 ± 0.26
(0.83-1.73)
3.87 ± 1.42
(2.20-6.88)
27.72 ± 11.57
(17.30-51.70)
20.32 ± 8.33
(9.50-33.90)

120.00 ± 15.09
(100.00-150.00)
74.00 ± 9.37
(60.00-90.00)
71.00 ± 6.27
(62.00-79.00)
28.68 ± 4.20
(23.38-36.30)
85.30 ± 8.75
(75.00-101.50)
43.30 ± 7.32
(33.00-57.00)
42.60 ± 7.09
(30.00-53.00)
39.80 ± 7.02
(31.00-50.00)
8.40 ± 6.883
(30.00-48.00)
29.23 ± 5.25
(19.19-39.89)
45.32 ± 11.59
(33.21-63.93)
7.95 ± 2.35
(5.64-12.86)
1.25 ± 0.26
(0.68-1.66)
3.49 ± 1.05
(1.80-5.53)
29.47 ± 11.72
(17.80-49.20)
13.93 ± 6.14
(7.30-28.60)

T1
Mean ± SD
(min-max)

0.01

0.26a

0.06

0.00

1.00

0.01a

0.00

0.15

0.03

0.38

0.02

0.00

0.00

0.36

0.06

0.59

p
117.50 ± 9.57
(110.00-130.00)
72.50 ± 5.00
(70.00-80.00)
67.25 ± 10.87
(54.00-78.00)
30.98 ± 3.64
(27.16-34.80)
94.65 ± 5.06
(90.50-102.00)
41.50 ± 9.15
(35.00-55.00)
35.50 ± 7.94
(27.00-46.00)
35.00 ± 8.68
(30.00-48.00)
33.50 ± 8.39
(28.00-46.00)
30.13 ± 4.80
(27.35-37.30)
57.93 ± 11.35
(41.00-65.34)
10.38 ± 1.93
(8.54-12.92)
1.13 ± 0.59
(0.26-1.58)
4.24 ± 0.91
(3.26-5.45)
37.15 ± 10.55
(23.60-46.10)
16.03 ± 9.81
(5.80-29.40)

T0
Mean ± SD
(min-max)
117.50 ± 15.00
(100.00-130.00)
70.00 ± 8.16
(60.00-80.00)
71.00 ± 10.13
(62.00-84.00)
29.09 ± 3.31
(25.46-32.48)
90.88 ± 3.66
(88.00-96.00)
38.75 ± 12.95
(30.00-58.00)
36.25 ± 10.90
(27.00-52.00)
33.00 ± 9.38
(27.00-47.00)
31.50 ± 9.04
(26.00-45.00)
26.62 ± 5.02
(23.75-34.14)
55.86 ± 11.17
(39.21-62.92)
9.17 ± 0.98
(8.18-10.52)
0.43 ± 0.68
(0.07-1.45)
3.43 ± 0.72
(2.66-4.41)
37.78 ± 15.69
(15.70-49.70)
14.70 ± 5.69
(9.10-22.50)

T1
Mean ± SD
(min-max)

VLCKD2

0.82

0.84

0.00

0.07a

0.28

0.07a

0.07a

0.07a

0.07a

0.70

0.14a

0.02

0.00

0.15

0.32a

1.00

p
123.33 ± 10.33
(110.00-140.00)
79.17 ± 8.01
(70.00-90.00)
69.17 ± 6.46
(60.00-74.00)
29.99 ± 2.35
(27.99-34.30)
86.47 ± 4.07
(82.30-93.00)
49.33 ± 3.50
(45.00-55.00)
48.67 ± 2.58
(45.00-52.00)
45.00 ± 2.76
(40.00-48.00)
43.83 ± 2.71
(39.00-47.00)
33.81 ± 4.40
(26.82-39.26)
40.86 ± 3.26
(36.45-45.67)
7.31 ± 0.75
(6.42-8.55)
1.42 ± 0.20
(1.08-1.64)
3.82 ± 0.61
(2.97-4.54)
22.07 ± 4.71
(17.60-28.50)
15.28 ± 9.99
(7.50-29.30)

T0
Mean ± SD
(min-max)
124.17 ± 8.01
(110.00-130.00)
75.00 ± 5.48
(70.00-80.00)
72.50 ± 10.27
(60.00-86.00)
27.64 ± 2.58
(25.60-32.20)
82.33 ± 3.87
(78.00-89.00)
48.33 ± 5.13
(41.00-55.00)
48.67 ± 3.20
(45.00-54.00)
45.33 ± 3.72
(39.00-50.00)
43.17 ± 2.79
(38.00-46.00)
31.12 ± 4.18
(23.76-35.71)
37.67 ± 3.94
(32.19-43.85)
6.57 ± 0.96
(5.50-8.17)
0.94 ± 0.52
(0.30-1.52)
3.47 ± 0.68
(2.51-4.53)
23.35 ± 5.56
(16.40-31.00)
16.70 ± 3.87
(13.00-23.00)

T1
Mean ± SD
(min-max)

VLCKD3

0.60a

0.39

0.04

0.09

0.00

0.00

0.00

0.17

0.61

1.00

0.00
0.35

0.00

0.22

0.18a

0.77

p

All parameters were evaluated before and after three different dietary treatments. All results were expressed as mean ± standard deviation (SD) followed by minimum and maximum. Statistical significance were attributed to results with p < 0.05 after parametric test (Student t-test) or non-parametric test (a)(Wilcoxon-Mann-Whitney). Body Mass Index
(BMI); Waist Circumference (WC); Android Fat Percentage (AFP); Gynoid Fat Percentage (GFP); Total Body Fat (TBF); Total Body Lean (TBL); Appendicular Skeletal Muscle
Mass Index (ASSMI); Inter Muscular Adipose Tissue (IMAT); Fat Mass L2-L5 (FM L2-L5).

Submaximal resistance
(70%) sec

Submaximal Strenght (kg)

FM L2-L5

IMAT

ASMMI

TBL (Kg)

TBF (Kg)

TBF (%) Region

TBF (%) Tissue

GFP (%) Tissue

AFP (%) Tissue

WC (cm)

BMI

Heart Rate (bpm)

Diastolic pressure (mm/Hg)

Systolic pressure (mm/Hg)

T0
Mean ± SD
(min-max)

VLCKD1

Table I. Anthropometric measurements and body composition parameters at before and after dietary treatment.
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Table II. Anthropometric measurements and body composition parameters comparison between dietary treatments.
p

Mean ± Standard Deviation

Systolic pressure (mm/Hg)
Diastolic pressure (mm/Hg)
Heart Rate (bpm)
BMI
WC (cm)
AFP (%) Tissue
GFP (%) Tissue
TBF (%) Tissue
TBF (%) Region
TBF (Kg)
TBL (Kg)
ASMMI
IMAT
FM L2-L5
Submaximal Strenght (kg)
Submaximal resistance sec
(70%)

VLCKD1

VLCKD2

VLCKD3

1.50 ± 8.51
(-15.00-20.00)
6.00 ± 8.76
(-10.00-20.00)
1.30 ± 4.30
(-3.00-11.00)
1.42 ± 0.95
(0.00-2.55)
4.45 ± 1.74
(2.00-7.50)
1.80 ± 2.10
(-2.00-5.00)
0.50 ± 1.72
(-3.00-3.00)
0.90 ± 1.10
(-2.00-2.00)
0.80 ± 1.62
(-3.00-3.00)
2.46 ± 1.09
(0.65-4.14)
2.28 ± 1.49
(0.70-4.90)
0.00 ± 1.70
(-4.78-1.09)
0.12 ± 0.07
(0.03-0.25)
0.38 ± 0.57
(-0.35-1.35)
-1.75 ± 4.00
(-8.60-3.20)
6.39 ± 6.16
(0.90-17.60)

0.00 ± 16.33
(-20.00-20.00)
2.50 ± 5.00
(0.00-10.00)
-3.75 ± 3.86
(-8.00-0.00)
1.90 ± 0.36
(1.52-2.32)
3.78 ± 1.66
(2.50-6.00)
2.75 ± 3.86
(-3.00-5.00)
-0.75 ± 3.59
(-6.00-2.00)
2.00 ± 0.82
(1.00-3.00)
2.00 ± 0.82
(1.00-3.00)
3.51 ± 0.26
(3.17-3.79)
2.06 ± 0.72
(1.20-2.84)
1.21 ± 1.85
(0.24-3.99)
0.70 ± 0.62
(0.13-1.24)
0.81 ± 0.18
(0.60-1.05)
-0.63 ± 5.79
(-4.80-7.90)
1.33 ± 10.82
(-8.20-14.70)

-0.83 ± 6.65
(-10.00-10.00)
4.17 ± 8.01
(0.00-20.00)
-3.33 ± 5.79
(-12.00-4.00)
2.34 ± 0.37
(1.75-2.80)
4.13 ± 1.43
(1.80-6.00)
1.00 ± 2.37
(-3.00-4.00)
0.00 ± 1.41
(-2.00-2.00)
-0.33 ± 1.51
(-2.00-1.00)
0.67 ± 1.03
(-1.00-2.00)
2.69 ± 0.92
(1.34-3.71)
3.19 ± 1.16
(1.82-4.92)
0.75 ± 0.32
(0.38-1.14)
0.48 ± 0.56
(0.07-1.22)
0.35 ± 0.31
(-0.06-0.71)
-1.28 ± 3.34
(-6.50-3.70)
-1.42 ± 10.12
(-10.60-16.20)

VLCKD1
vs.
VLCKD2

VLCKD1
vs.
VLCKD3

VLCKD2
vs.
VLCKD3

0.73a

0.49a

0.91

0.45a

0.49a

0.91a

0.06

0.09

0.90

0.35

0.04

0.10

0.52

0.71

0.72

0.30a

0.49

0.26a

0.38

0.56

0.65

0.08a

0.12a

0.02a

0.19

0.86

0.06

0.09

0.68

0.13

0.79

0.22

0.12

0.45a

0.04a

0.26a

0.01

0.26a

0.17a

0.17

0.90

0.03

0.68

0.81

0.82

0.54a

0.12a

0.69

All parameters were compared between the three different dietary treatments. All results were expressed as mean ± standard deviation (SD) followed by minimum and maximum. Statistical significance were attributed to results with p < 0.05 after parametric
test (Student t-test) or non-parametric test (a)(Wilcoxon-Mann-Whitney). Body Mass Index (BMI); Waist Circumference (WC);
Android Fat Percentage (AFP); Gynoid Fat Percentage (GFP); Total Body Fat (TBF); Total Body Lean (TBL); Appendicular
Skeletal Muscle Mass Index (ASSMI); Inter Muscular Adipose Tissue (IMAT); Fat Mass L2-L5 (FM L2-L5).

0.00) and HDL-C (∆% = -10.6%, p = 0.00). After
VLCKD3 we observe a significant decrease of
glycemia (∆% = -14.6%, p = 0.00).
LAP decreased significantly only after VLCKD1 (∆%= -32.4%, p = 0.004). GH, ESR and
fibrinogen have not undergone any significant
changes after the DTs; instead, IGF-1 reduced
significantly after VLCKD2 (∆% = -36.9%, p =
0.01), as well as CRP (∆% = -30.1%, p = 0.02).
Gene expression analysis shown a significant
decrease of SOD1 gene only after VLCDK3 (p =
0.009). No significant changes were observed
for CCL2, NFkB in any dietary treatment (Table
V-VI).
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Discussion
To our knowledge, this is the first study to analyze comprehensively body composition, to assess the loss of muscle mass and abdominal fat,
metabolic profile and the regulation of certain
genes of inflammation and oxidative stress after
VLCKD.
Several studies 20,21 demonstrated the efficacy
of ketogenic diet on weight loss, maybe due to
lower energy intake, satiety protein-induced and
low-carbohydrates consumption.
Weight loss induced by VLCKD depends on
different variables like loss appetite, through sati-

EOS (%)

MON (%)

LYMP (%)

NEUTR (%)

BAS (× 103/µL)

EOS (× 103/µL)

MON (× 103/µL)

LYMP (× 103/µL)

NEUTR (× 103/µL)

WBC (× 103/µL)

PLT (× 103/µL)

RDW-CV (%)

MCHC (g/dl)

MCH (pg)

MCV (fl)

HCT (%)

HB (g/µL)

RBC ( 106/µL)

4.99 ± 0.42
(4.40-5.62)
14.16 ± 1.85
(11.30-17.40)
43.19 ± 4.71
(36.00-51.70)
86.60 ± 5.82
(73.80-92.00)
28.41 ± 2.69
(23.20-31.00)
32.73 ± 1.12
(30.60-34.20)
13.59 ± 1.14
(12.20-15.10)
301.80 ± 67.98
(199.00-423.00)
6.52 ± 1.23
(4.44-8.87)
3.57 ± 1.02
(1.99-5.75)
2.34 ± 0.30
(1.97-2.79)
0.42 ± 0.14
(0.28-0.73)
0.16 ± 0.08
(0.08-0.35)
0.03 ± 0.02
(0.01-0.06)
54.01 ± 6.61
(44.80-64.80)
36.60 ± 5.45
(26.80-44.40)
6.39 ± 1.69
(4.20-9.70)
2.56 ± 1.15
(1.30-4.70)

T0
Mean ± SD
(min-max)
5.06 ± 0.42
(4.55-5.72)
14.33 ± 1.84
(11.50-17.70)
43.63 ± 4.87
(36.50-52.70)
86.11 ± 5.42
(74.00-92.10)
28.27 ± 2.41
(23.30-30.90)
32.79 ± 0.99
(31.20-34.10)
13.48 ± 1.45
(11.50-15.90)
287.40 ± 55.78
(188.00-372.00)
5.35 ± 1.15
(3.39-7.79)
2.95 ± 0.97
(1.43-5.08)
1.89 ± 0.26
(1.46-2.36)
0.35 ± 0.13
(0.16-0.55)
0.14 ± 0.08
(0.06-0.28)
0.03 ± 0.02
(0.01-0.05)
54.05 ± 6.90
(42.20-65.20)
36.26 ± 6.55
(26.40-46.60)
6.46 ± 1.76
(3.30-9.50)
2.76 ± 1.64
(0.90-5.50)

T1
Mean ± SD
(min-max)

VLCKD1

Table III. Blood tests before and after dietary treatment.

0.67

0.93

0.66

0.96

0.36

0.11

0.23

0.00

0.01

0.00

0.15

0.56

0.78

0.37a

0.31a

0.098

0.09

0.06

p
5.52 ± 0.33
(5.22-5.99)
15.63 ± 1.42
(13.80-17.10)
47.73 ± 4.48
(42.00-52.30)
86.38 ± 4.32
(80.50-90.90)
28.25 ± 1.34
(26.40-29.60)
32.75 ± 0.13
(32.60-32.90)
13.18 ± 0.93
(12.20-14.40)
260.25 ± 69.16
(197.00-358.00)
6.62 ± 1.03
(5.61-8.05)
4.04 ± 0.79
(3.08-4.94)
2.03 ± 0.30
(1.70-2.42)
0.40 ± 0.08
(0.28-0.48)
0.14 ± 0.08
(0.07-0.24)
0.02 ± 0.01
(0.01-0.03)
60.70 ± 5.39
(54.80-67.70)
30.88 ± 3.44
(26.60-34.80)
6.15 ± 1.59
(4.40-7.50)
2.00 ± 0.99
(1.10-3.00)

T0
Mean ± SD
(min-max)
5.14 ± 0.12
(5.03-5.30)
15.10 ± 1.10
(13.60-16.10)
44.98 ± 2.35
(41.80-47.30)
87.63 ± 5.14
(81.50-94.00)
29.40 ± 2.05
(26.50-31.20)
33.55 ± 1.05
(32.50-35.00)
13.40 ± 0.80
(12.60-14.50)
254.50 ± 59.65
(191.00-335.00)
5.68 ± 0.73
(4.90-6.66)
3.16 ± 0.75
(2.29-3.80)
1.96 ± 0.50
(1.52-2.67)
0.36 ± 0.13
(0.22-0.54)
0.19 ± 0.26
(0.04-0.58)
0.02 ± 0.01
(0.01-0.03)
55.50 ± 11.04
(40.80-67.60)
34.70 ± 9.20
(27.30-47.60)
6.43 ± 2.54
(4.00-9.60)
3.05 ± 3.80
(0.70-8.70)

T1
Mean ± SD
(min-max)

VLCKD2

0.72a

0.68

0.31

0.19

1.00

0.71a

0.52

0.80

0.01

0.07

0.53

0.55

0.25

0.06

0.19

0.12

0.06

0.06

p
4.67 ± 0.27
(4.31-4.89)
13.08 ± 1.06
(11.30-14.10)
40.38 ± 2.91
(36.60-43.70)
86.57 ± 5.51
(75.60-90.50)
28.07 ± 2.41
(23.30-30.00)
32.40 ± 0.98
(30.90-33.50)
13.45 ± 1.41
(12.00-15.50)
316.00 ± 44.47
(262.00-391.00)
6.73 ± 1.39
(4.49-8.18)
4.46 ± 2.38
(1.93-8.90)
2.31 ± 0.35
(1.92-2.76)
0.40 ± 0.07
(0.29-0.49)
0.19 ± 0.11
(0.09-0.34)
0.04 ± 0.02
(0.01-0.07)
55.33 ± 7.75
(42.90-65.50)
35.22 ± 6.56
(27.70-45.70)
6.03 ± 0.82
(4.60-6.90)
2.88 ± 1.51
(1.50-4.70)

T0
Mean ± SD
(min-max)

0.30

0.20

0.73

0.58

0.20

0.11

0.92a

0.14

0.15

0.17

0.06

0.93

0.44

0.92

0.23a

0.03a

0.07a

0.03a

p

Table continued

4.98 ± 0.23
(4.71-5.38)
13.93 ± 1.04
(12.00-15.10)
42.82 ± 3.06
(38.10-47.70)
86.13 ± 5.56
(74.90-89.60)
28.05 ± 2.37
(23.60-30.60)
32.57 ± 1.03
(31.50-34.10)
13.43 ± 1.32
(11.80-15.60)
295.50 ± 49.36
(244.00-386.00)
6.01 ± 1.30
(4.59-7.64)
3.33 ± 1.11
(1.86-4.87)
2.09 ± 0.27
(1.77-2.55)
0.42 ± 0.10
(0.33-0.60)
0.15 ± 0.11
(0.05-0.35)
0.03 ± 0.02
(0.01-0.06)
54.25 ± 8.03
(40.60-65.30)
35.80 ± 7.27
(25.50-48.10)
6.98 ± 1.16
(5.80-8.30)
2.43 ± 1.35
(0.70-4.60)

T1
Mean ± SD
(min-max)

VLCKD3
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0.44 ± 0.18
(0.20-0.70)
23.10 ± 14.65
(5.00-58.00)
356.39 ± 89.32
(258.00-541.30)
98.40 ± 40.93
(56.00-174.00)
198.70 ± 31.08
(162.00-273.00)
127.00 ± 24.88
(87.00-176.00)
62.00 ± 15.25
(39.00-88.00)
1.67 ± 2.84
(0.10-8.94)
159.54 ± 67.06
(65.40-297.00)
1.12 ± 1.12
(0.06-3.72)
-0.14 ± 0.25
(-0.48-0.29)
87.13 ± 11.70
(73.00-108.00)
132.15 ± 39.54
(74.81-203.37)
1.53 ± 0.44
(1.01-2.42)
34.57 ± 22.50
(12.65-86.51)

0.47 ± 0.28
(0.20-1.00)
24.00 ± 10.58
(7.00-40.00)
394.14 ± 102.91
(272.20-541.30)
81.80 ± 23.62
(37.00-110.00)
166.70 ± 28.94
(132.00-225.00)
99.80 ± 22.96
(57.00-124.00)
55.40 ± 14.45
(38.00-79.00)
3.14 ± 4.13
(0.10-11.84)
129.81 ± 61.43
(42.40-279.00)
2.73 ± 2.64
(0.10-6.11)
-0.19 ± 0.21
(-0.62--0.01)
78.95 ± 9.80
(58.00-90.00)
155.01 ± 36.41
(94.47-204.73)
1.57 ± 0.48
(0.91-2.47)
23.35 ± 8.07
(7.11-31.73)

T1
Mean ± SD
(min-max)

0.04a

0.51

0.00

0.08

0.38

0.11a

0.12

0.40a

0.00

0.00

0.00

0.22

0.09

0.78

0.72

p
0.28 ± 0.10
(0.20-0.40)
17.25 ± 14.97
(5.00-39.00)
307.10 ± 63.25
(257.80-399.00)
99.25 ± 24.28
(71.00-120.00)
187.75 ± 17.78
(173.00-212.00)
131.25 ± 25.49
(109.00-167.00)
46.75 ± 6.55
(41.00-55.00)
2.76 ± 1.72
(0.85-5.35)
225.50 ± 84.35
(165.00-349.00)
2.29 ± 2.01
(0.49-4.87)
0.16 ± 0.28
(-0.11-0.56)
99.76 ± 12.05
(91.00-118.00)
127.97 ± 25.50
(95.63-148.82)
2.00 ± 0.41
(1.58-2.55)
36.00 ± 13.04
(22.14-49.75)

T0
Mean ± SD
(min-max)
0.33 ± 0.15
(0.20-0.50)
12.75 ± 9.74
(6.00-27.00)
298.73 ± 52.44
(231.90-353.00)
77.25 ± 15.31
(58.00-91.00)
159.75 ± 13.38
(146.00-178.00)
102.75 ± 4.99
(99.00-110.00)
44.50 ± 4.04
(41.00-50.00)
1.93 ± 1.60
(0.10-4.09)
142.18 ± 56.79
(95.70-223.00)
1.42 ± 0.88
(0.25-2.32)
-0.13 ± 0.09
(-0.25--0.04)
81.99 ± 6.50
(72.00-87.00)
134.60 ± 38.26
(93.26-173.58)
1.73 ± 0.68
(0.86-2.47)
28.63 ± 10.24
(17.04-41.42)

T1
Mean ± SD
(min-max)

VLCKD2

0.49

0.18

0.60

0.07

0.07

0.43

0.01

0.02

0.65

0.12

0.12

0.21

0.78

0.27

0.50

p
0.53 ± 0.34
(0.20-1.10)
33.83 ± 8.08
(26.00-46.00)
383.68 ± 77.87
(285.50-485.20)
97.17 ± 41.14
(47.00-141.00)
207.00 ± 49.27
(160.00-293.00)
125.83 ± 43.17
(68.00-187.00)
66.50 ± 15.06
(49.00-89.00)
1.26 ± 2.00
(0.10-4.23)
142.17 ± 27.13
(101.00-185.00)
1.24 ± 1.01
(0.11-2.50)
-0.23 ± 0.23
(-0.57-0.04)
88.02 ± 7.53
(77.00-98.00)
139.47 ± 32.62
(112.68-203.65)
1.97 ± 1.20
(0.94-4.30)
30.66 ± 11.99
(14.11-43.98)

T0
Mean ± SD
(min-max)
0.53 ± 0.34
(0.20-1.20)
30.67 ± 7.50
(20.00-41.00)
438.35 ± 76.66
(329.10-553.80)
92.00 ± 21.78
(63.00-113.00)
177.83 ± 37.49
(138.00-233.00)
108.50 ± 42.50
(48.00-178.00)
58.50 ± 18.29
(33.00-87.00)
1.79 ± 3.32
(0.10-6.77)
103.87 ± 51.55
(41.60-185.00)
2.40 ± 2.61
(0.20-7.51)
-0.16 ± 0.21
(-0.45-0.07)
75.20 ± 15.62
(45.00-93.00)
144.30 ± 37.51
(119.61-218.08)
1.61 ± 0.56
(0.84-2.56)
24.37 ± 4.48
(19.10-29.67)

T1
Mean ± SD
(min-max)

VLCKD3

0.16

0.28

0.75a

0.00a

0.45

0.28

0.10

0.66a

0.02

0.16

0.05

0.68

0.05

0.14

1.00

p

All parameters were evaluated before and after three different dietary treatments. All results were expressed as mean ± standard deviation (SD) followed by minimum and maximum. Statistical significance were attributed to results with p < 0.05 after parametric test (Student t-test) or non-parametric test (a)(Wilcoxon-Mann-Whitney). Results with statistical significance were reported in bold. Red Blood Cells (RBC); Hemoglobin (HB); Hematocrit blood testing (HCT); Mean Corpuscular Volume (MCV); Mean Corpuscular Hemoglobin (MCH); Red cell distribution width (RDW); Platelets (PLT); White Blood Cells (WBC); Neutrophils (NEUTR); Lymphocytes (LYMP); Monocytes (MON); Eosinophils
(EOS); Erythrocytes Sedimentation Rate (ESR); Triglycerides (Tg); Total Cholesterol (TC); Low Density Lipoprotein Cholesterol (LDL-C); High Density Lipoprotein Cholesterol
(HDL-C); C-Reactive Protein (CRP); Insulin Growth Factor-1 (IGF-1); Atherogenic Index of Plasma (AIP); Platelets/Lymphocytes Ratio (PLR); Neutrophils/Lymphocytes Ratio
(NLR); Lipid Accumulation Product (LAP).

LAP

NLR

PLR

Glycemia (mg/dL)

AIP

GH (ng/mL)

IGF-1 (ng/mL)

CRP (mg/dL)

HDL-C (mg/dL)

LDL-C (mg/dL)

TC (mg/dL)

Tg (mg/dL)

Fibrinogen (mg/dL)

ESR (mm/h)

BAS (%)

T0
Mean ± SD
(min-max)

VLCKD1

Table III (Continued). Blood tests before and after dietary treatment.
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Table IV. Blood tests comparison between dietary treatments.
p

Mean ± Standard Deviation

VLCKD1
RBW (× 106/µL)
HB (g/µL)
HCT (%)
MCV (fl)
MCH (pg)
MCHC (g/dl)
RDW-CV (%)
PLT (× 103/µL)
WBC (× 103/µL)
NEUTR (× 103/µL)
LYMP (× 103/µL)
MON (× 103/µL)
EOS (× 103/µL)
BAS (× 103/µL)
NEUTR (%)
LYMP (%)
MON (%)
EOS (%)
BAS (%)
ESR (mm/h)
Fibrinogen (mg/dL)
Tg (mg/dL)
TC (mg/dL)
LDL-C (mg/dL)
HDL-C (mg/dL)
CRP (mg/dL)
IGF-1 (ng/mL)
GH (ng/mL)

-0.07 ± 0.11
(-0.20-0.17)
-0.17 ± 0.29
(-0.60-0.30)
-0.44 ± 0.75
(-1.10-1.50)
0.49 ± 1.01
(-0.50-2.50)
0.14 ± 0.53
(-0.60-1.00)
-0.06 ± 0.65
(-0.90-0.90)
0.11 ± 0.57
(-0.80-0.80)
14.40 ± 28.69
(-38.00-77.00)
1.17 ± 0.85
(-0.33-2.45)
0.62 ± 0.56
(-0.27-1.47)
0.45 ± 0.24
(0.10-0.93)
0.07 ± 0.17
(-0.18-0.44)
0.02 ± 0.07
(-0.17-0.07)
0.01 ± 0.02
(-0.02-0.03)
-0.04 ± 2.72
(-4.00-3.90)
0.34 ± 2.38
(-3.20-4.10)
-0.07 ± 2.42
(-3.60-4.10)
-0.20 ± 1.42
(-4.00-0.70)
-0.03 ± 0.25
(-0.50-0.30)
-0.90 ± 9.83
(-19.00-20.00)
-37.75 ± 63.91
(-155.90-43.90)
16.60 ± 39.95
(-31.00-101.00)
32.00 ± 22.49
(3.00-76.00)
27.20 ± 21.88
(0.00-57.00)
6.60 ± 5.40
(1.00-16.00)
-1.47 ± 4.05
(-8.72-4.14)
29.73 ± 54.36
(-32.00-134.60)
-1.61 ± 2.95
(-4.73-2.99)

VLCKD2
0.39 ± 0.26
(0.09-0.69)
0.53 ± 0.36
(0.20-1.00)
2.75 ± 2.58
(0.20-6.30)
-1.25 ± 1.48
(-3.10-0.50)
-1.15 ± 0.79
(-1.90--0.10)
-0.80 ± 1.12
(-2.30-0.40)
-0.23 ± 0.67
(-1.20-0.20)
5.75 ± 16.21
(-16.00-23.00)
0.94 ± 0.69
(0.00-1.53)
0.88 ± 0.25
(0.57-1.14)
0.08 ± 0.54
(-0.72-0.49)
0.04 ± 0.11
(-0.12-0.12)
-0.06 ± 0.19
(-0.34-0.05)
0.00 ± 0.01
(-0.01-0.01)
5.20 ± 6.11
(0.10-14.00)
-3.83 ± 6.20
(-12.80-1.10)
-0.28 ± 1.22
(-2.10-0.40)
-1.05 ± 3.11
(-5.70-0.90)
-0.05 ± 0.13
(-0.20-0.10)
4.50 ± 6.61
(-2.00-12.00)
8.37 ± 55.58
(-56.80-74.50)
22.00 ± 27.35
(-17.00-47.00)
28.00 ± 25.56
(12.00-66.00)
28.50 ± 26.06
(10.00-67.00)
2.25 ± 9.07
(-9.00-13.00)
0.37 ± 2.29
(-4.09-2.24)
83.33 ± 28.46
(68.00-126.00)
0.87 ± 1.90
(-1.40-3.07)

VLCKD3
-0.31 ± 0.24
(-0.58/-0.03)
-0.85 ± 0.73
(-1.70-0.00)
-2.43 ± 1.80
(-4.60/-0.30)
0.43 ± 1.00
(-1.10-1.80)
0.02 ± 0.41
(-0.60-0.50)
-0.17 ± 0.49
(-0.60-0.60)
0.02 ± 0.43
(-0.50-0.60)
20.50 ± 20.25
(5.00-60.00)
0.72 ± 1.12
(-0.10-2.70)
1.13 ± 1.60
(-0.33-4.03)
0.23 ± 0.31
(-0.16-0.77)
-0.02 ± 0.15
(-0.26-0.16)
0.05 ± 0.06
(-0.01-0.13)
0.01 ± 0.01
(-0.01-0.01)
1.08 ± 4.45
(-6.10-7.70)
-0.58 ± 3.85
(-5.80-5.00)
-0.95 ± 1.57
(-3.40-1.10)
0.45 ± 0.95
(-0.50-2.10)
0.00 ± 0.14
(-0.20-0.20)
3.17 ± 4.36
(-3.00-9.00)
-118.62 ± 214.39
(-553.80-10.00)
5.17 ± 29.06
(-39.00-33.00)
29.17 ± 28.22
(1.00-82.00)
17.33 ± 25.91
(-15.00-61.00)
8.00 ± 5.97
(2.00-16.00)
-0.53 ± 1.35
(-2.54-0.41)
38.30 ± 46.95
(-4.00-110.40)
-1.16 ± 2.34
(-5.72-0.69)

VLCKD1
vs.
VLCKD2

VLCKD1
vs.
VLCKD3

0.00

0.02

0.00

0.00

0.02

0.01

0.00a

0.04a

0.01

0.02

0.91

0.06

0.00

0.64

0.01

0.14

0.74

0.25

0.36

0.74

0.50

0.59

1.00a

0.48a

0.64

0.37a

0.76a

0.40

0.37

0.77

0.09

0.13

0.59

0.77

0.33

0.53

0.24a

0.79a

0.61a

0.58

0.96a

0.35a

0.04

0.54

0.25

0.08

0.56

0.33

0.84a

0.44

0.48a

1.00a

0.56a

0.91a

0.89

0.80

0.59

0.34

0.36

0.71

0.23

0.64a

0.17a

0.81

0.55

0.39

0.73a

0.83

0.76a

0.93

0.43

0.52

0.28

0.64

0.26

0.18a

0.73a

0.11a

0.19a

0.75

0.07a

0.15

1.00a

0.17a

VLCKD2
vs.
VLCKD3

Table Continued
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Table IV (Continued). Blood tests comparison between dietary treatments.
p

Mean ± Standard Deviation

AIP
Glycemia (mg/dL)
PLR
NLR
LAP

VLCKD1

VLCKD2

VLCKD3

0.05 ± 0.18
(-0.24-0.36)
8.18 ± 11.74
(-5.00-38.00)
-22.86 ± 18.08
(-49.15/-0.29)
-0.03 ± 0.15
(-0.30-0.11)
11.22 ± 18.64
(-4.61-56.40)

0.29 ± 0.21
(0.14-0.60)
17.77 ± 10.32
(3.00-36.00)
-6.63 ± 22.73
(-25.64-26.23)
0.27 ± 0.31
(0.07-0.72)
7.36 ± 18.73
(-19.28-24.53)

-0.07 ± 0.21
(-0.41-0.12)
12.82 ± 10.15
(3.00-33.00)
-4.84 ± 17.88
(-36.06-12.67)
0.36 ± 0.73
(-0.36-1.74)
6.29 ± 9.21
(-6.22-17.63)

VLCKD1
vs.
VLCKD2

VLCKD1
vs.
VLCKD3

VLCKD2
vs.
VLCKD3

0.05

0.24

0.03

0.26

0.69

0.54

0.18

0.07

0.89

0.03

0.11

0.82

0.84a

1.00a

0.91

All parameters were compared between the three different dietary treatments. All results were expressed as mean ± standard
deviation (SD) followed by minimum and maximum. Statistical significance were attributed to results with p < 0.05 after
parametric test (Student t-test) or non-parametric test (a)(Wilcoxon-Mann-Whitney). Results with statistical significance
were reported in bold. Red Blood Cells (RBC); Hemoglobin (HB); Hematocrit blood testing (HCT); Mean Corpuscular Volume (MCV); Mean Corpuscular Hemoglobin (MCH); Red cell distribution width (RDW); Platelets (PLT); White Blood
Cells (WBC); Neutrophils (NEUTR); Lymphocytes (LYMP); Monocytes (MON); Eosinophils (EOS); Erythrocytes Sedimenta-tion Rate (ESR); Triglycerides (Tg); Total Cholesterol (TC); Low Density Lipoprotein Cholesterol (LDL-C); High
Density Lipoprotein Cholesterol (HDL-C); C-Reactive Protein (CRP); Insulin Growth Factor-1 (IGF-1); Growth Hormone
(GH); Atherogenic Index of Plasma (AIP); Plate-lets/Lymphocytes Ratio (PLR); Neutrophils/Lymphocytes Ratio (NLR);
Lipid Accumulation Product (LAP).

ety protein-induced21,22, hunger control by hormones23 increased lipolysis and reduction of lipogenesis24,25, raise of gluconeogenesis metabolic
costs and proteins thermic effect26,27, lowering of
respiratory quotient, increased metabolic efficiency for fats consumption28,29.
There have been no previous studies to investigate the VLCKD effects of abdominal fat distribution, lean mass reduction on inflammatory status.
Sarcopenia, the loss of muscle mass leading to
muscle weakness, limited mobility, and increased
susceptibility to injury. It is defined, as a condition that involves a loss of type II muscle fibers,
a decline in total muscle area, the reduction of
muscle capillarization, shortening velocity and
declining strength and/or physical performance30.
DXA-derived total TBF, TBL and ASMMI
measures can reflect both the percentage of total
body fat (PBF), than muscle mass and muscle
strength, providing a reliable measure for assessment of sarcopenia risk also induced by unbalanced diets31.
High protein intake, typical of KD treatments,
determines an increase in protein synthesis, because of the augmented systemic amino acid
availability32, which in turn is a muscle protein
synthesis stimulant 33 . Although it has been
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proven that high protein intake prevents the loss
of muscle mass and promotes the reduction of
body fat during reduced caloric intake period34,35,
VLCKD1 (p = 0.01) and VLCKD3 (p = 0.00) determined a significant reduction of TBL mass.
However, the VLCKD1 seems to protect better
than VLCKD2 and VLCKD3 against the risk of
sarcopenia, either because no consistent reduction of ASMMI was observed, either because the
strength and muscular endurance do not change.
VLCKD2 treatment did not change any lean mass
parameters, showing that the protein with biological value is essential during weight lost. Furthermore, ASMMI was lowered after VLCKD3 then
VLCKD1 treatment (p = 0.04).
According to previous data36 and our results to
prevent and manage the risk of muscle mass loss,
ASMMI reduction and muscular strength, VLCKD 1 would seem to be the elective choice
among DTs.
In our study measurement of body composition revealed that obese subjects fed the VLCKD1
and VLCKD2 for 3 wks, significantly reduced
BMI (p = 0.04), where BMI reduction was higher
in VLCKD1. Matching the three DTs, it was noticed a reduction of TBF among them, but only
VLCKD2 compared to VLCKD3, determined a
significant reduction of tissue TBF (p = 0.04).

0.339

0.469

0.469

0.515

NFKB

CCL2

All genes were evaluated before and after VLCDK1, VLCDK2, VLCDK3 dietary treatment. All results were expressed as mean ± standard deviation (SD) followed by minimum
and maximum. Statistical significance were attributed to results with p < 0.05 after parametric test (Student t-test) or non-parametric test (a)(Wilcoxon-Mann-Whitney). Results
with statistical significance were reported in bold. Superoxide Dismutase-1 (SOD-1); Chemokine (C-C Motif) Ligand 2 (CCL2); Nuclear factor kappa-light-chain-enhancer of activated B cells (NfKB).

0.938

0.566

0.009

5.41 ± 1.24
(3.53-7.01)
13.19 ± 1.08
(12.16-14.90)
6.81 ± 2.16
(4.06-9.30)
6.89 ± 1.36
(5.63-9.45)
11.60 ± 4.17
(4.31-14.85)
6.73 ± 1.57
(4.68-8.38)
0.417

6.08 ± 1.59
(4.01-7.50)
11.92 ± 1.93
(9.44-13.88)
6.25 ± 1.86
(4.54-8.91)
6.57 ± 0.64
(5.72-7.27)
9.57 ± 5.44
(4.94-15.54)
9.06 ± 3.76
(5.40-14.30)
0.114

5.93 ± 1.35
(3.46-7.75)
12.14 ± 2.13
(7.36-14.85)
6.92 ± 1.38
(4.55-8.34)

p
T1
Mean ± SD
(min-max)
T0
Mean ± SD
(min-max)

6.76 ± 1.09
(5.63-9.45)
12.14 ± 2.13
(7.36-14.85)
7.66 ± 2.75
(4.68-14.30)

p
T1
Mean ± SD
(min-max)
T0
Mean ± SD
(min-max)

VLCKD2
VLCKD1

Table V. Gene expression ∆Ct before and after each dietary treatment.

SOD1

T1
Mean ± SD
(min-max)
T0
Mean ± SD
(min-max)

VLCKD3

p
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IMAT increase seems to determine the rise of
insulin resistance and the risk of type 2 diabetes
in obese subjects, depending on the release of inflammatory cytokines within skeletal muscle37.
IMAT may also compromise physical performance and muscle function. Moreover, the reduction of IMAT was associated with the improvements in lipid profile38.
After VLCKD 1 a significant reduction of
IMAT was observed (p = 0.00). Furthermore,
IMAT was significantly lower in VLCKD1 than in
VLCKD2 (p = 0.01). Our data highlighted the
possibility of reducing the IMAT by VLCKD1,
with improvement of myosteatosis, and consequently decreasing the risk of cardiometabolic
diseases associated with obesity.
Regarding fat mass and its distribution, after
VLCKD1 a significant decrease of AFP of tissue
(p = 0.01) was highlighted. The reduction of fat
mass in android level only observed with VLCKD1, associated with the decrease in waist circumference; support the hypothesis that this DT
is a positive factor to reduce the cardiometabolic
risk. On the contrary, the reduction observed after VLCKD 2 and VLCKD 3 were limited to
FML2-L5 (p < 0.05).
The effect of prolonged KD feeding on ob/ob
mice was associated with normalization of fasting glycemia, reduction of reduced insulin and
lipid levels in the absence of weight loss. Moreover, it produces a significant increase in lipid
oxidative genes and reduction expression of lipid
synthetic genes, but no change in expression of
inflammatory markers39.
According to a previous study40, no differences
were observed between the VLCKD2 and VLCKD3 regarding lipid profiles. However, LAP,
that reflects lipid accumulation and is an effective predictive index for metabolic syndrome and
insulin resistance16,17 (p = 0.004), LDL-C (p =
0.00) and HDL-C (p = 0.00) significantly decreased after VLCKD1.
It has been reported41 that a KD induces a severe reduction of IGF-I concentration in rats. Interestingly, we observed a significant reduction
of IGF-1 levels only after VLCKD2 (p = 0.01).
Different studies 42 reported that the use of
whey proteins could increase anabolic hormones
(i.e. insulin and GH). Furthermore, whey proteins are potential functional food component,
with the ability to generate satiety signals, which
take part to the body weight regulation.
Muscle protein synthesis is the main metabolic
mechanism, and whey proteins are the perfect
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Table VI. Gene expression ∆Ct comparison between dietary treatments.
p

Mean ± Standard Deviation

SOD1
CCL2
NFKB

VLCKD1

VLCKD2

VLCKD3

-0.83 ± 1.16
(-2.52-0.66)
2.51 ± 6.46
(-8.18-12.91)
-1.44 ± 3.96
(-9.75-3.54)

-0.49 ± 1.04
(-1.72-0.51)
2.36 ± 5.70
(-3.37-7.93)
-2.81 ± 4.95
(-9.77-1.08)

-1.48 ± 0.87
(-2.44/-0.29)
1.32 ± 9.77
(-13.42-14.90)
0.08 ± 2.50
(-3.24-3.72)

VLCKD1
vs.
VLCKD2

VLCKD1
vs.
VLCKD3

VLCKD2
vs.
VLCKD3

0.62

0.26

0.14

0.97

0.77

0.86

0.59

0.42

0.25

All genes were compared between the three different dietary treatments. All results were expressed as mean ± standard deviation (SD) followed by minimum and maximum. Statistical significance were attributed to results with p < 0.05 after parametric
test (Student t-test) or non-parametric test (a)(Wilcoxon-Mann-Whitney). Results with statistical significance were reported in
bold. Superoxide Dismutase-1 (SOD-1); Chemokine (C-C Motif) Ligand 2 (CCL2); Nuclear factor kappa-light-chain-enhancer
of activated B cells (NfKB).

substrate for this goal24. Furthermore, whey proteins seem to cause a reduction of glycemia. This
effect is probably mediated by incretins24. Interestingly, it was observed a significant reduction
in blood glucose only after the VLCKD3; after
VLCKD1 a decrease of glycemia value was observed, even if without statistical significance.
GH secretion increases with low glycemia, but
according to our results, we do not observe significant variations in the levels of this hormone,
proving that the chosen DTs do not raise GH levels.
Moreover, RBC, HB and HBT were significantly different among all three DTs (p < 0.05).
In our study, ESR and fibrinogen were not significantly different among the DTs. NLR was significantly different between VLCKD1 and VLCKD2 (p = 0.03). Notably, CRP values were significantly different between VLCKD3, respect to
the two other DTs (VLCKD1 vs. VLCKD3, p =
0.02; VLCKD2 vs. VLCKD3, p = 0.01).
The data confirm that despite the loss of muscle mass observed, the reduction of inflammatory
parameters could depend on the reduction of fat
in the abdominal region. Our data are in accordance with the previous results43, demonstrated
that calorie and carbohydrates restrictions exceeded the possible oxidative stress induced by
high fat and ketosis. In fact, Nazarewicz et al43
demonstrated that after a short-term ketogenic diet, total antioxidative status, uric acid, and
sulfhydryl content were significantly increased,
without any alteration of malondialdehyde, or superoxide dismutase or catalase activity.
Looking to genes expression of inflammatory
pathway, we have obtained no significant results
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after the three DT, despite the significant reduction in BMI resulting in weight loss.
Jeong et al44 demonstrated that the KD inhibited kainic acid (KA)-induced seizures, decreasing
neuroinflammation via the TNF-α and PPARγ
activation-mediated NF-κB-dependent COX-2
signaling pathway, and providing a novel therapeutic approach for Parkinson’s disease, stroke,
and Alzheimer’s disease.
NF-κB modultaes the response to hypoxia45,
and it is activated by various stimuli intro and extra-cellular, promoting a wide range of biological
functions. NF-κB and it is linked to various signal transduction pathways and to transcriptional
activation events that mediate inflammation, cell
proliferation, cell migration, apoptosis, and angiogenesis46.
Chemokine (CC Motif) Ligand 2 (CCL2) is
one of the several genes of cytokine cluster, located on the q arm of chromosome 17, involved
in immunoregulation and flamers processes, with
chemotactic activity for monocytes and basophils, but not for neutrophils or eosinophils.
We expected to observe a change in the levels
of expression of, CCL2, and NF-κB genes due to
the loss of body fat mass. However, the lack of
modulation observed in the expression of CCL2,
and NF-κB after the three DTs, could be explained by the fact that reductions of both fat
mass and muscle mass were obtained. The loss of
lean body mass does not allow to observe the
benefits of weight loss, in terms of reduction of
the expression of inflammatory genes.
Interestingly, the present study is the first, to
our knowledge, to demonstrate a significant
modulation of SOD1 mRNA after VLCKD3 (p =
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0.009), concurrently with the reduction of CRP
and the decrease of glucose levels (p = 0.03).
SOD1 gene encodes an enzyme localized in the
cytoplasm, which plays an essential role in the
inactivation of free radicals generated by the
process of cellular respiration. In particular, this
enzyme binds to the copper molecules and zinc
for dismutase oxygen molecules charges whose
accumulation within the cells would be toxic47.
We hypothesized that the reduction of inflammation and glycemia (p = 0.03) will depend on a
better response to oxidative stress induced by
SOD1 expression, during weight loss, despite the
reduction of muscle mass.
This study has a few potential limitations.
Firstly, a limit of the study was due to the small
number of participants, although it is acceptable
for genomic studies48. More data are needed on a
larger population. Secondly, the follow-up was
short: our results need to be confirmed in larger
long-term clinical studies. Thirdly, the study
lacked in some evaluation of biomarkers, such as
ketogenic bodies to verify the real status of ketosis; creatinuria to control kidney damage;
adipocytokines to evaluate the inflammatory status related to the expression of studied genes49,
and ghrelin or leptin to check hunger and satiety50.
More studies are needed to clarify changes in
adipose tissue distribution, activity and to establish the modification of early markers of inflammatory status during VLCKD.

Conclusions
The increasingly widespread use of VLDKD,
sometimes also self-prescribed, raises the important issue of the risk assessment, even in the short
term, that the use of these prescriptions can lead
to individuals. Our work has wanted to check the
criterion of efficacy and safety in the short term.
Our results show the efficacy of a short-term
VLCKD with 50% of protein replaced by synthetic aminoacidic, able to ensure weight loss,
ectopic fat reduction, as demonstrated by IMAT
and AFP decreases. Moreover, our results confirm the possibility of reducing cardiometabolic
risk, without committing the possibility of developing sarcopenia and activation of inflammatory
and oxidative processes. Results observed in this
exploratory study support the scientific evidence
regarding the important clinical implications in

selecting a dietary treatment, according to of
quality, efficacy and safety indicators.
Although the present data do not allow the
conclusion that VLCKD has a prolonged protective value for the metabolic consequences of obesity, it seems reasonable to conclude that these
results show the favorable acute effects on some
risk factors, such as glycemia, inflammatory
markers, and overexpression of oxidative stress
related genes.
Further studies are needed to increase knowledge of therapeutic mechanisms and ensure its
efficacy and safety in the long term.
––––––––––––––––––––
Acknowledgements

We are indebted to all the subjects who volunteered in the
clinical trial. We also thank Doctor Paola Gualtieri for statistical analysis of data, Doctor Giorgia Cioccoloni for technical research assistance and the entire medical team from the
clinical research unit for their technical assistance in conducting the clinical aspects of this study. This study was
supported by grants from Ministero Politiche Agricole Alimentari e Forestali (D.M.: 2017188 03/24/2011).

–––––––––––––––––-––––
Conflict of Interest

The Authors declare that there are no conflicts of interest.

References
1) UCHEGBU EC, KOPELMAN PG. Encyclopedia of Human Nutrition. 3rd ed, Elsevier Ltd: Am-sterdam,
The Netherlands, 2013; pp. 374-382.
2) TSAI AG, WADDEN TA. The evolution of very-lowcalorie diets: an update and meta-analysis. Obesity (Silver Spring) 2006; 14: 1283-1293.
3) FREEMAN JM, KOSSOFF EH. Ketosis and the ketogenic diet: advances in treating epilepsy and other disorders. Adv Pediatr 2010; 57: 315-329.
4) KIRK JK, GRAVES DE, CRAVEN TE, LIPKIN EW, AUSTIN M,
MARGOLIS KL. Restricted-carbohydrate diets in patients with type 2 diabetes: a meta-analysis. J Am
Diet Assoc 2008; 108: 91-100.
5) NEAL EG, CHAFFE H, SCHWARTZ RH, LAWSON MS, EDWARDS N, FITZSIMMONS G, WHITNEY A, CROSS JH. The
ketogenic diet for the treatment of childhood
epilepsy: a randomised con-trolled trial. Lancet
Neurol 2008; 7: 500-506.
6) VAN DER AUWERA I, WERA S, VAN LEUVEN F, HENDERSON ST. A ketogenic diet reduces amyloid beta 40
and 42 in a mouse model of Alzheimer’s disease.
Nutr Metab (Lond) 2005; 2: 28.
7) ZHAO Z, LANGE DJ, VOUSTIANIOUK A, MACGROGAN D,
MACGROGAN D, HO L, SUH J, HUMALA N, THIYAGARAJAN M, WANG J, PASINETTI GM. A ketogenic diet as a

343

G. Merra, S. Gratteri, A. De Lorenzo, S. Barrucco, M.A. Perrone, et al.

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

potential novel therapeutic in-tervention in amyotrophic lateral sclerosis. BMC Neurosci 2006; 7:
29.
J O H N S T O N CS, T J O N N SL, S WA N PD, W H I T E A,
HUTCHINS H, SEARS B. Ketogenic low-carbohydrate
diets have no metabolic advantage over nonketogenic low-carbohydrate diets. Am J Clin Nutr
2006; 83: 1055-1061.
ELLENBROEK JH, VAN DIJCK L, TÖNS HA, RABELINK TJ,
CARLOTTI F, BALLIEUX BE, DE KONING EJ. Long-term
ketogenic diet causes glucose intolerance and reduced β- and α-cell mass but no weight loss in
mice. Am J Physiol Endocrinol Metab 2014; 306:
552-558.
RUSKIN DN, KAWAMURA M, MASINO SA. Reduced pain
and inflammation in juvenile and adult rats fed a
ketogenic diet. PLoS One 2009; 4: e8349.
Sullivan PG, Rippy NA, Dorenbos K, Concepcion
RC, Agarwal AK, Rho JM. The keto-genic diet increases mitochondrial uncoupling protein levels
and activity. Ann Neurol 2004; 55: 576-80.
GARBOW JR, DOHERTY JM, SCHUGAR RC, TRAVERS S,
WEBER ML, WENTZ AE, EZENWAJIAKU N, COTTER DG,
BRUNT EM, CRAWFORD PA. Hepatic steatosis, inflammation, and ER stress in mice maintained long
term on a very low-carbohydrate ketogenic diet.
Am J Physiol Gastrointest Liver Physiol 2011;
300: G956-G967.
WOOLF EC, CURLEY KL, LIU Q, TURNER GH, CHARLTON
JA, PREUL MC, SCHECK AC. The keto-genic diet alters the hypoxic response and affects expression
of proteins associated with an-giogenesis, invasive potential and vascular permeability in a
mouse glioma model. PLoS One 2015; 10:
e0130357.
BAUER J, THORNTON J, HEYMSFIELD S, KELLY K, RAMIREZ
A, GIDWANI S, GALLAGHER D. Dual-energy X-ray absorptiometry prediction of adipose tissue depots
in children and adolescents. Pediatr Res 2012;
72: 420-425.
SHECHTMAN O, GESTEWITZ L, KIMBLE C. Reliability and
validity of the DynEx dynamometer. J Hand Ther
2005; 18: 339-347.
XIA C, LI R, ZHANG S, GONG L, REN W, WANG Z, LI Q.
Lipid accumulation product is a powerful index for
recognizing insulin resistance in non-diabetic individuals. Eur J Clin Nutr 2012; 66: 1035-1038.
VIEIRA BA, SAUER P, MARCADENTI A, PIOVESAN CH. Association between LAP Index (Lipid Accumulation
Product) and metabolic profile in hospitalized patients. Nutr Hosp 2015; 31: 2771-2774.
ARRIETA O, MICHEL ORTEGA RM, VILLANUEVA-RODRÍGUEZ
G, S ERNA -T HOMÉ MG, F LORES -E STRADA D, D IAZ ROMERO C, RODRÍGUEZ CM, MARTÍNEZ L, SÁNCHEZ-LARA
K. Association of nutritional status and serum albumin levels with development of toxicity in patients with advanced non-small cell lung cancer
treated with paclitaxel-cisplatin chemotherapy: a
prospective study. BMC Cancer 2010; 10: 50.
ALBERTI KG, ZIMMET P, SHAW J. IDF epidemiology
task force consensus group. The meta-bolic syn-

344

20)

21)

22)

23)

24)

25)
26)

27)
28)

29)

30)

31)

32)

drome-a new worldwide definition. Lancet 2005;
366: 1059-1062.
PAOLI A, RUBINI A, VOLEK JS, GRIMALDI KA. Beyond
weight loss: a review of the therapeutic uses of
very-low-carbohydrate (ketogenic) diets. Eur J
Clin Nutr 2013; 67: 789-796.
WESTERTERP-PLANTENGA MS, NIEUWENHUIZEN A, TOMÉ
D, S OENEN S, W ESTERTERP KR. Dietary protein,
weight loss, and weight maintenance. Annu Rev
Nutr 2009; 29: 21-41.
VELDHORST M, SMEETS A, SOENEN S, HOCHSTENBACHWAELEN A, HURSEL R, DIEPVENS K, LEJE-UNE M, LUSCOMBE-MARSH N, WESTERTERP-PLANTENGA M. Proteininduced satiety: effects and mechanisms of different proteins. Physiol Behav 2008; 94: 300307.
SUMITHRAN P, PRENDERGAST LA, DELBRIDGE E, PURCELL
K, SHULKES A, KRIKETOS A, PROIETTO J. Ketosis and
appetite-mediating nutrients and hormones after
weight loss. Eur J Clin Nutr 2013; 67: 759-764.
VELDHORST MA, WESTERTERP-PLANTENGA MS, WESTERTERP KR. Gluconeogenesis and energy ex-penditure
after a high-protein, carbohydrate-free diet. Am J
Clin Nutr 2009; 90: 519-526.
CAHILL GF JR. Fuel metabolism in starvation. Annu
Rev Nutr 2006; 26: 1-22.
FEINMAN RD, FINE EJ. Nonequilibrium thermodynamics and energy efficiency in weight loss diets.
Theor Biol Med Model 2007; 4: 27.
FINE EJ, FEINMAN RD. Thermodynamics of weight
loss diets. Nutr Metab (Lond) 2004; 1: 15.
PAOLI A, GRIMALDI K, BIANCO A, LODI A, CENCI L, PARMAGNANI A. Medium term effects of a ketogenic diet and a mediterranean diet on resting energy expenditure and respiratory ratio BMC Proc 2012; 6:
P37.
PAOLI A, CENCI L, FANCELLI M, PARMAGNANI A, FRATTER
A, CUCCHI A, BIANCO A. Ketogenic diet and phytoextracts comparison of the efficacy of mediterranean, zone and tisanoreica diet on some health
risk factors. Agro Food Ind Hi-Tech 2010; 21: 2429.
CRUZ-JENTOFT AJ, BAEYENS JP, BAUER JM, BOIRIE Y,
CEDERHOLM T, LANDI F, MARTIN FC, MI-CHEL JP, ROLLAND Y, SCHNEIDER SM, TOPINKOVÁ E, VANDEWOUDE M,
ZAMBONI M, EUROPEAN WORKING GROUP ON SARCOPENIA IN OLDER PEOPLE. Sarcopenia: european consensus on defini-tion and diagnosis: report of the
european working group on sarcopenia in older
people. Age Ageing 2010; 39: 412-423.
COIN A, SARTI S, RUGGIERO E, GIANNINI S, PEDRAZZONI
M, MINISOLA S, ROSSINI M, DEL PUENTE A, INELMEN
EM, MANZATO E, SERGI G. Prevalence of sarcopenia
based on different diagnostic criteria using DEXA
and appendicular skeletal muscle mass reference
values in an italian population aged 20 to 80. J
Am Med Dir Assoc 2013; 14: 507-512.
MOTIL KJ, MATTHEWS DE, BIER DM, BURKE JF, MUNRO
HN, YOUNG VR. Whole-body leucine and lysine
metabolism: response to dietary protein intake in
young men. Am J Physiol 1981; 240: E712-E721.

Effects of very-low-calorie diet on body composition, metabolic state, and genes expression
33) PADDON-JONES D, SHEFFIELD-MOORE M, ZHANG XJ,
VOLPI E, WOLF SE, AARSLAND A, FERRANDO AA, WOLFE
RR. Amino acid ingestion improves muscle protein
synthesis in the young and elderly. Am J Physiol
Endocrinol Metab 2004; 286: E321-E328.
34) LAYMAN DK, EVANS E, BAUM JI, SEYLER J, ERICKSON DJ,
BOILEAU RA. Dietary protein and ex-ercise have additive effects on body composition during weight
loss in adult women. J Nutr 2005; 135: 19031910.
35) LAYMAN DK, WALKER DA. Potential importance of
leucine in treatment of obesity and the metabolic
syndrome. J Nutr 2006; 136: 319S-323S.
36) MERRA G, MIRANDA R, BARRUCCO S, GUALTIERI P, MAZZA
M, M ORICONI E, M ARCHETTI M, C HANG TFM, D E
LORENZO A, DI RENZO L. Very-low-calorie ketogenic
diet with aminoacid supple-ment versus very low
restricted-calorie diet for preserving muscle mass
during weight loss: a pilot double-blind study. Eur
Rev Med Pharmacol Sci 2016; 20: 2613-2621.
37) VETTOR R, MILAN G, FRANZIN C, SANNA M, DE COPPI P,
RIZZUTO R, FEDERSPIL G. The origin of intermuscular
adipose tissue and its pathophysiological implications. Am J Physiol Endocri-nol Metab 2009; 297:
E987-E998.
38) D URHEIM , MT, S LENTZ CA, B ATEMAN LA, M ABE SK,
K RAUS WE. Relationships between exer-ciseinduced reductions in thigh intermuscular adipose
tissue, changes in lipoprotein particle size, and
visceral adiposity. Am J Physiol Endocrinol Metab
2008; 295: E407-E412.
39) B ADMAN MK, K ENNEDY AR, A DAMS AC, P ISSIOS P,
MARATOS-FLIER E. A very low carbohy-drate ketogenic diet improves glucose tolerance in ob/ob
mice independent of weight loss. Am J Physiol
Endocrinol Metab 2009; 297: E1197-E1204.
40) BERTOLI S, NERI IG, TRENTANI C, FERRARIS C, DE AMICIS R, B ATTEZZATI A, V EGGIOTTI P, D E G IOR - GIS V,
TAGLIABUE A. Short-term effects of ketogenic diet
on anthropometric parameters, body fat distribution, and inflammatory cytokine production in
GLUT1 deficiency syndrome. Nu-trition 2015;
31: 981-987.
41) BIELOHUBY M, SAWITZKY M, STOEHR BJ, STOCK P, MENHOFER D, EBENSING S, BJERRE M, FRYSTYK J, BINDER G,
STRASBURGER C, WU Z, CHRIST B, HOEFLICH A, BIDLING-

42)

43)

44)

45)

46)

47)

48)

49)

50)

MAIER M. Lack of dietary carbohydrates induces
hepatic growth hormone (GH) resistance in rats.
Endocrinology 2011; 152, 1948-1960.
HALTON TL, HU FB. The effects of high protein diets
on thermogenesis, satiety and weight loss: a critical review. J Am Coll Nutr 2004; 23: 373-385.
NAZAREWICZ RR, ZIOLKOWSKI W, VACCARO PS, GHAFOURIFAR P. Effect of short-term ketogenic diet on redox status of human blood. Rejuvenation Res
2007; 10: 435-440.
JEONG EA, JEON BT, SHIN HJ, KIM N, LEE DH, KIM HJ,
KANG SS, CHO GJ, CHOI WS, ROH GS. Ketogenic diet-induced peroxisome proliferator-activated receptor-γ activation de-creases neuroinflammation
in the mouse hippocampus after kainic acid-induced seizures. Exp Neurol 2011; 232: 195-202.
CULVER C, SUNDQVIST A, MUDIE S, MELVIN A, XIRODIMAS D, ROCHA S. Mechanism of hypoxia-induced
NF-κB. Mol Cell Biol 2010; 30: 4901-4921.
NOGUEIRA L, RUIZ-ONTAÑON P, VAZQUEZ-BARQUERO A,
MORIS F, FERNANDEZ-LUNA JL. The NFκB pathway: a
therapeutic target in glioblastoma. Oncotarget
2011; 2: 646-653.
BUETTNER, GR. Superoxide dismutase in redox biology: the roles of superoxide and hydrogen peroxide. Anticancer Agents Med Chem 2011; 11: 341346.
DI RENZO L, CARRARO A, VALENTE R, IACOPINO L, COLICA C, DE LORENZO A. Intake of red wine in different
meals modulates oxidized LDL level, oxidative
and inflammatory gene expres-sion in healthy
people: a randomized crossover trial. Oxid Med
Cell Longev 2014; 681318.
DE LUIS DA, ALLER R, IZAOLA O, GONZALEZ SAGRADO
M, CONDE R, PEREZ CASTRILLON JL. Effects of lifestyle
modification on adipocytokine levels in obese patients. Eur Rev Med Pharmacol Sci 2008; 12: 3339.
K ARGULEWICZ A, S ZULI SKA M, K UJAWSKA -Ł UCZAK M,
S WORA -C WYNAR E, M USIALIK K, G RZYMISŁAWSKA A,
KR GIELSKA-NARO NA M, BOGDA SKI P. Improvement of
serum adiponectin and leptin concentrations: effects of a low-calorie or isocaloric diet combined
with met-formin or orlistat-a prospective randomized open-label trial. Eur Rev Med Pharmacol Sci
2016; 20: 3868-3876.

345

