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Abstract. - OBJECTIVE: To verify safety re-
spect to weight loss, cardiometabolic diseases
of short-term Very low-calorie ketogenic diets
(VLCKDs, <800 kcal day-1).

PATIENTS AND METHODS: Randomized
cross-over trial with placebo. The study had no.
2 dietary treatment (DT), conducted in two arms:
1) VLCKD1 in which 50% of protein intake is re-
placed with synthetic amino acids; 2) VLCKD2
with placebo. The VLCKDs (<800 kcal day-1) were
different in term of protein content and quality
each arm lasted three weeks (wks). Between the
two arms a 3-wks washout period was performed
to avoid additive effects on DT to follow.

At the baseline, at start and end of each arm,
all the subjects were evaluated for their health
and nutritional status, by anthropometric analy-
sis, body composition (Dual X-ray Absorptiom-
etry (DXA), Bioimpedentiometry, biochemical
evaluation, and Peroxisome Proliferator-Activat-
ed Receptor y (PPAR) y expression by transcrip-
tomic analysis.

RESULTS: After VLCKD1 were reduced: Body
Mass Index (BMI) (A%=-11.1%, p=0.00), Total
Body Water (TBW) (p<0.05); Android Fat Per-
centage (AFP) (A%=-1.8%, p=0.02); Android Fat
Mass (AFM) (A%=-12.7%, p=0.00); Gynoid Fat
Mass (GFM) (A%=-6.3%, p=0.01); Intermuscular
Adipose Tissue (IMAT) (A%= -11.1%, p=0.00);
Homeostasis Model Assessment of Insulin
Re-sistance (HOMA-IR) (A%=-62.1%, p=0.01).
After VLCKD, a significant increase of urice-
mia, cre-atinine and aspartate aminotransferase
(AST) (respectively A%=35%, p=0.01; A%=5.9%,
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p=0.02; A%=25.5%, p=0.03). After VLCKD, were
reduced: BMI (A%=-11.2%, p=0.00); AFM (A%=-
14.3%, p=0.00); GFM (A%=-6.3%, p=0.00); Ap-
pendicular Skeletal Muscle Mass Index (ASM-
MI) (A%=-17.5%, p=0.00); HOMA-IR (A%=-59,4%,
p=0.02). After VLCKD,, uricemia (A%=63.1%,
p=0.03), and Vitamin D levels (A%=25.7%,
p=0.02) were increased. No significant changes
of car-diovascular disease (CVD) indexes were
observed after DTs. No significant changes of
PPARYy lev-el in any DTs.

CONCLUSIONS: 21-days VLCKDs not impair
nutritional state; not cause negative changes in
global measurements of nutritional state includ-
ing sarcopenia, bone mineral content, hepatic,
renal and lipid profile.

Key Words

Very-low-calorie, Ketogenic Diet, Randomized
crossover clinical trial, Obesity, Body Composition, Vi-
tamin D, PPARY.

Introduction

In recent years we are observing a rapid
growth in the prevalence of chronic non-com-
municable diseases (CNCDs)'. The effects of diet
compounds on metabolic pathways related to di-
abetes, cardiovascular diseases, and other CNCD
is currently under investigation and it is leading
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the traditional nutritional counseling to a more
complex approach. The primary determinant of
weight loss is energy deficit. Low-fat, low-car-
bohydrate or high-protein, low glycemic index,
and balanced deficit diets have been compared in
many studies to verify the difference in weight
loss>. However, it does not seem that there is a
better diet of another. The most commonly used
diet therapy is based on relatively high levels of
carbohydrates and low in fat, but these diets of-
ten result in modest weight loss®, and adherence
to diet is quite low in the long term, because
obese individuals tend to have preference for
foods with a high fat content*. Furthermore, as a
result questionable effectiveness for weight loss
of these types of diet, there was a growing inter-
est in low-carbohydrate ketogenic diets (LCDs),
very low-calorie ketogenic diets (VLCKDs, <800
kcal day-1), or simply ketogenic diets (KDs) .
They can lead to a state of ketosis, in which
the concentration of blood ketones (acetoacetate,
3-B-hydroxybutyrate, and acetone) increases due
to increased fatty acid breakdown and activity of
ketogenic enzymes. These diets are used as part
of a comprehensive intervention that includes
medical monitoring and a program of lifestyle
modification, and they are considered safe and
effective when used by appropriately selected
individuals under careful medical supervision®.
VLCKDs and low energy consumption provid-
ing a daily energy intake lower than the basic
metabolism, could be a choice for a rapid loss of
body fat and weight in obese individuals at risk
of metabolic complications’. In fact, VLCDs and
VLCKDs have undoubtedly proven to be effec-
tive not only for weight loss, at least in the short
and medium term, but also against hyperlipid-
emia and some cardiovascular risk factors®®. KD
seems to have a role in the management of hepat-
ic steatosis in obese subjects. As a matter of fact,
Pérez-Guisado et al' demonstrated that KD im-
proved aspartate aminotransferase (AST), alanine
transaminase (ALT) levels, and reduced steatosis
degree in 93% of obese patients, underlining
that KD could be a safe and effective treatment
for NAFLD. However, it is widely thought that
a diet low in carbohydrates, and high in protein
and fat content is not safe, since it can cause an
increase in LDL cholesterol, triglycerides, glo-
merular pressure and hyper-filtration'-'*. Possible
adverse renal effects represent additional safety
assessment of KD. In fact, high levels of nitrogen
excretion during protein metabolism caused an
increase in glomerular pressure and hyper-filtra-

tion'. After six months of KD, often creatinine
ratios, acid urine and hypercalciuria increased,
while urinary citrate excretion decreased and uric
acid excretion remained normal. This conditions
in conjunction with low fluid intake increased
the risk for calcium stone formation. KD are
previously investigated about their impact on
bone mineral content, osteopenia and osteoporo-
sis, as well as common consequences related to
this dietary treatment, like hypercalciuria, urine
acidification and hypocytraturia'®. Given the role
of the crosstalk between adipose tissue and bone,
it must also evaluate the effect of KD on bone
metabolism. A reduction of serum 25-(OH),-Vi-
tamin D, (25(OH)D,) levels and calcium con-
centration in epileptic subjects who were treated
with ketogenic diets were noticed. However, bone
mineral content (BMC) loss during ketogenic diets
could be a common consequence downside of an-
tiepileptic drugs used during the therapy, alone or
in combination with ketogenic diets'"*. 25(OH)D,
is also able to reduce the expression of Peroxisome
Proliferator-Activated Receptor (PPAR)y and oth-
ers genes involved in to adipogenic transcription,
as well as some adipocyte markers like fatty
acid synthase, lipoprotein lipase and adipocyte
lipid-binding protein®, inhibiting adipogenesis in
a dose dependent manner. PPARy belongs to the
nuclear hormone receptor superfamily, and has
anti-inflammatory effects*?. Some splice variants
in the transcription of insulin-sensitizing nuclear
receptor PPARy factor show different lipogenic ac-
tivities in different contexts®; for example, PPARy
2 loss worsens lipotoxicity and insulin resistance®.
Moreover, the activation of PPARy may ameliorate
hepatic stress of endoplasmic reticulum (ER)>.
The effect of the KD and VLCKD on glucose liver
and the mechanisms through which it can promote
weight loss remains controversial®®. According to
Ellenbroek et al*’, KD lead to glucose intolerance
and insulin resistance, without weight loss after
long-term treatment. The purpose of this study is
to identify the criteria of effectiveness and safety
in the short-term VLCKD. We assume a possible
relationship between cardiovascular disease risk
(CVD) indexes, AST, ALT, creatinine, Blood
Urea Nitrogen (BUN), uric acid, 25-(OH),-Vita-
min D (25(OH)D), PPAR-y gene expression and
body composition parameters after VLCKDs.
We conducted a randomized controlled trial with
placebo, and we comprehensively analyzed nutri-
tional status by anthropometric parameters, body
fat and lean mass, body water compartments,
serum metabolites, and gene expression.
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Patients and Methods

Study Design

The clinical trial was conducted with a ran-
domized crossover design (Figurel) between Oc-
tober 2015 and April 2016.

The study had no. 2 dietary treatment (DT)
conducted in two arms: 1) a VLCKD, in which
50% of protein intake is replaced with synthetic
amino acids; 2) a VLCKD, with placebo.

Each arm lasted three weeks (wks). Between
the two arms a 3-wks washout period was per-
formed to avoid additive effects on DT to follow.

At arm no.l the intervention group (IG) received
the VLCKD,, and the control group (CG) received the
VLCKD,. At arm no. 2 each groups were reversed.

Analysis was performed at the Section of
Clinical Nutrition and Nutrigenomic, Department
of Biomedicine and Prevention of the University
of Rome “Tor Vergata”.

The study was reviewed and approved by the
Ethics Committee “Centro, Regione Calabria”
30.11.02.2016. The study has been registered by
ClinicalTrials.gov 1d: NCT01890070.

Endpoints

The primary endpoint was the evaluation of
body composition changes after DTs, by anthro-
pometry Dual X-ray Absorptiometry (DXA),
and bioimpedentiometry. The secondary end-
point was the evaluation of metabolic profile
by blood analysis. The third endpoint was the
evaluation of PPARy expression by transcrip-
tomic analysis.

Patients

Inclusion criteria: patients who were between
18 and 65 years old, body mass index, BMI >25
kg/m?, percentage of body fat (PBF) > 25% for
male, and > 30% for female.

Enrollment ]

TOJ

Assessed for eligibility (n=45)

Excluded (n=3)

y

+ Not meeting inclusion criteria (n=3)

+ Declined to participate (n=0)

Randomized = R (n=42)

!

[

Allocation ]

T1
3 wk |G intervention (n= 21)
‘ + Drop out (n=1)
T2
3 wk
T1
GC intervention (n= 20)
3 wk + Drop out (n=0)
T2

Figure 1. Flowchart of clinical study design.

A

GC intervention (n=21)
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+ Drop out (n=0)
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Exclusion criteria: pregnancy, breast-feeding,
type 1 diabetes, heart failure, endocrine disorders,
liver dysfunction, liver, kidney, autoimmune, viral
chronic (Hepatitis C, B, HIV), and neoplastic
diseases; corticosteroid and chronic inflammatory
therapy; participating in another diet trial.

Study Methods

Subjects were recruited sequentially, within
a program of routine medical check-up at the
Section of Clinical Nutrition and Nutrigenomic,
University of Rome “Tor Vergata”.

Eligible patients were randomly (R) divided
into IG and CG in a 1:1 ration.

The randomization was determined by an
external contract research organization and coor-
dinated with the Section of Clinical Nutrition and
Nutrigenomic, at the University of Rome “Tor
Vergata”, independently of the investigators. The
study was conducted in double-blind.

All participants were instructed to maintain
their pre-trial lifestyle habits and physical activ-
ity habits. Any adverse effect has been properly
signed.

At the Baseline (TO0), at start and end of each
arm (T1-T2), all the subjects were evaluated for
their health and nutritional status, by anthropo-
metric analysis, body composition, biochemical
evaluation, and genomic profile.

All subjects provided informed written provid-
ed informed written at study enrollment, accord-
ing to principles of the Declaration of Helsinki.
All procedures followed were in accordance with
the ethical standards of the responsible commit-
tee on human experimentation. The participants
received no financial compensation or gifts.

Sample Size

The minimum sample size was calculated on a
two-tailed one-sample Student’s ¢-test, consider-
ing as (i) insulin level to be detected between the
two DTs [8] >15 pU/mL - 1, (ii) SD of the paired
differences SD=15 pU/mL - 1, (iii) type I error
probability a=0.05 and power 1 - =0.90. The re-
sult was a minimum sample size of 10 per group.

Dietary Treatment
The average macronutrients distribution of

VLCKD, was:

a) 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).

b) 650-700 kcal per day for male, with 50-55%
of calories from proteins (corresponding to 1,5
g/kg of ideal body weight), 35-40% from fat
(<10% of calories from saturated fat), and 10%
of calories from carbohydrates (< 20 g).

The half of the amount of daily protein was
reached using synthetic aminoacid supplemen-
tation (SAS), contained: whey protein (13.42/
bag), carbohydrate (0.03/bag), fat (0.15/bag), iso-
leucine (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) (Amin
21K, Italfarmacia, Rome, Italy). The powder of
aminoacid was dissolved in water and drunk at
breakfast and lunch or dinner.

The average macronutrients distribution of
VLCKD, was:

a) 450-500 kcal for female with 25-35% of calo-
ries 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).

b) 650-700 kcal per day for male 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 15-20%
of calories from carbohydrates (<30 g; >35%
from complex sugars).

The CGI received VLCKD, supplemented
with the placebo, represented by inert material
(flour type 00). The powder of placebo was dis-
solved in water and drunk at breakfast and lunch
or dinner. All DTs provided an intake of 20 mg
of fiber per day. IG and CG received a capsule of
multivitamin, multimineral salts and an alkaliz-
ing product. The correct administration of diet
was evaluated by urinary keto-stick.

Anthropometric Evaluation

Height, weight and waist circumference were
measured according to standard method?*%. Body
weight (kg) was measured 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 /height’ (kg/m?).

Bioelectrical Impedance Analysis (BIA)
Resistance, reactance, impedance and phase

angle at 50 kHz frequencies were measured using

a BIA phase sensitive system (BIA 101S, Ak-
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ern/RJL Systems-Florence, Italy). Measurements
were taken according to Di Renzo et al*. Total
body water (TBW), extracellular water (ECW),
intracellular water (ICW), Na/K ratio, phase an-
gle (PA), body cell mass (BCM), and body cell
mass index (BCMI) were calculated from bio-
electrical measurements and anthropometric data
by applying the software provided by the manu-
facturer, which incorporated validated predictive
equations®-*2,

Dual X-ray Absorptiometry (DXA)

Bone Mineral Density (BMD), Bone Mineral
Content (BMC), Total body fat mass (TBFat) and
total body lean mass (TBLean) were assessed
using a dual-energy X-ray absorptiometry (DXA)
(i-DXA, GE Medical Systems, Milwaukee, WI,
USA).

TBFat, TBLean, android fat (AF), and gynoid
fat (GF) were expressed in kilogram (kg) and as
a percentage (%) of the total body mass. BMC
was expressed in grams (g), and (BMD) in g/
cm?. TBFat, TBLean, android fat mass (AFM),
and gynoid fat mass (GFM), android lean mass
(ALM) and gynoid lean mass (GLM) were ex-
pressed in kilogram (kg) and as a percentage (P,
%) respect to the total body weight of the total
body mass. AF to GF ratio (A/G) and TBF to
TBL ratio (TBF/TBL) were calculated.

Android region was considered to extend from
pubis cut up to the fifth bottom of an ideal line
extending from the pubis to the jugulum. The
gynoid region was considered delimited upper
by the upper greater trochanters, and by a lower
boundary defined at a distance up to twice the
height of the android region. Both AF and GF
were expressed in kilogram (kg) and as a per-
centage of the TBFat.

Total body fat percentage (PBF) = (TBFat +
TBLean + TBBone) x 100.

TBBone is total body bone mass

Region (%) = TBFat (kg) / (TBFat (kg)+
TBLean (kg) + BCM (kg) x 100

Appendicular Skeletal Muscle Mass Index
(ASMMI) = (Legs Muscle Mass (kg) + Arms
Muscle Mass (kg)/Height (m?); (Men <7.59 kg/
m?, Women <5.47 kg/m?).

Intermuscular Adipose Tissue (IMAT) was
calculated according to Bauer et al'* with the
following formulas: Log (IMAT) = -2.21 + (0.12
x fat) + (-0.0013 x fat?) for women, Log (IMAT)
=-2.05 + (0.12 x fat) + (-0.0013 x fat®) for men.

Resting metabolic rate (RMR)= (3.94 x VO,)
+ (1.106 x VCO,) x 1.44 VO,, VO, is the volume

of oxygen uptake (mL/min), estimated with the
following formulas: VO, Woman = TBLean DXA
x 4.5; VO, Man = TBLean DXA x 5.3; VCO, is
the volume of carbon dioxide output (mL/min),
estimated with the following formulas: VCO, =
VO, x 0.85.

Analysis of Blood Samples

Blood tests were performed at each time, after
a 12 h overnight fast. All materials were imme-
diately placed on ice and plasma was separated
by centrifugation at 1600 x g for 10 min at 4°C.

Laboratory test included Total cholesterol
(TC), HDL-cholesterol (HDL-C), LDL-choles-
terol (LDL-C), triglycerides (Tg), AST, ALT,
creatinine, uric acid, BUN, and 25(OH)D total
levels were recorded at baseline, and at the end of
each arms. Plasma glucose concentrations were
measured using the glucose oxidase method with
an automated glucose analyzer (COBAS INTEG-
RA 400, Roche Diagnostics, Indianapolis, IN,
USA). Creatinine and BUN measurements were
performed using a chemiluminescent enzyme
immunoassay in homogeneous phase (Dimen-
sion VISTA 1500, Siemens, Munich, Germany).
Plasma 25(OH)D total levels were analysed using
a quantitative chemiluminescence (CLIA) test,
LIAISON® 25 OH Vitamin D TOTAL Assay —
DiaSorin (REF 310600, Vercelli, Italy)**. During
the first incubation, 25(OH)D is separated from
its binding protein and the specific antibody binds
to the solid phase. After 10 min is added as a trac-
er vitamin D, linked to a derivative isoluminol.
After a second 10 min incubation, the unbound
material is removed by a washing cycle. Subse-
quently, the starter reagents that induce a reaction
of the chemiluminescent flash type are added.
The light signal is measured by a photomultipli-
er as relative light units (RLU) and is inversely
proportional to the concentration of vitamin D
25(0OH) present in calibrators, controls or sam-
ples. Reference values for this test are 4.0-150 ng/
ml (10-375 nmol/L) (DiaSorin LIAISON® 25 OH
Vitamin D TOTAL Assay, DiaSorin, Stillwater,
MN, USA).

Plasma lipid profile components were deter-
mined by standard enzymatic colorimetric tech-
niques (Rochel43 Modular P800, Roche Diag-
nostics, Indianapolis, IN, USA).

To derive a surrogate for whole body insulin
sensitivity, Quantitative Insulin Sensitivity Check
Index (QUICKI) was calculated as QUICKI = 1/
log(10) + log(GO0), where 10 is fasting insulin (pU/
ml) and GO is fasting glucose (mg/dl).
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To assess the insulin-resistance, Homeostasis
Model Assessment of Insulin Resistance (HO-
MA-IR) was estimated with the following formula:

HOMA-IR = (Fasting glucose (mg/dL) x Fast-
ing insulin (nU/ml)) / 405.

Cardiovascular disease (CVD) risk indexes
were determined with the following ratios:

e CVD risk 1: Total Cholesterol (mg/dL)/ HDL—

Cholesterol ((mg/dL);

e CVD risk 2: LDL-Cholesterol (mg/dL)/HDL—

Cholesterol (mg/dL);

* CVD risk 3: Triglycerides (mg/dL)/HDL—

Cholesterol (mg/dL).

Visceral Adiposity Index (VAI) was calculat-
ed according to Amato et al**, with the following
formula:

* WC/39.68+(1.88 x BMI) x Tg/1.03 x 1.31/HDL
for man;

* WC/36.58+(1.89 x BMI) x Tg/0.81 x 1.52/HDL
for woman.

Analyses were carried out at the accredited
Clinical Chemical Laboratories of the “Policlinic
Tor Vergata (PTV)” of Rome, Italy.

Sample Collection, RNA Extraction
and Reverse Transcription

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 gPCR (Life
Technologies, Carlsbad, CA, USA). Aliquots of
total RNA were quantified and assessed for qual-
ity by spectrophotometry (Nanodrop, Wilming-
ton, DE, USA). Reverse transcription of each
sample of RNA was performed with High Ca-
pacity RNA-to-cDNA Kit (Applied Biosystems,
Foster City, CA, USA).

Quantitative Real Time PCR
and Data Analysis

Real-time PCR was performed using Tagman
Gene Expression Assay primer-probe sets (Ap-
plied Biosystems, Foster City, CA, USA) for Per-
oxisome proliferator activated receptor-y (PPAR-y)
(Hs00234592 ml). qRT-PCR experiment was per-
formed in triplicate and repeated at least twice,
according to manufacturer’s instruction.

Comparative threshold (Ct) cycle was used
to determine gene expression level about the
calibrator from controls. The Ct value for the
gene was normalized using the formula A Ct =
Ct (gene) — Ct (Housekeeping Gene). The house-

[6]

keeping gene used for this analysis was Actin-f3
(Hs01060665 gl) (Applied Biosystems, Foster
City, CA, USA).

Statistical Analysis

A paired t-test or a non-parametric Wilcoxon
test was performed to evaluate differences at
baseline and after nutritional intervention.

The differences between parameter at baseline
and after diet were calculated as the follow: A%
= (Z-W)/W x100, where A% is the percentage
variation of each parameter, calculated as ratio
of absolute variation to the base value.

Pearson correlation was performed to evaluate
a linear correlation between variables before and
after nutritional intervention. The null hypothesis
was rejected at the 0.05 level of probability.

Results

Patients Flow

Of the forty-five subjects enrolled, three of
them did not meet the inclusion criteria, there-
fore, forty-two participants resulted eligible for
the study, and were randomized into IG and CG
(Figure 1). Two subjects declined to participate
after one week. Twenty patients completed the
study (Figure 1).

All baseline characteristics were similar for
the enrolled subjects, on demographics, anthro-
pometrics and body composition, blood tests.
Furthermore, no difference in dietary intake at
baseline was observed (data not shown).

As shown in Table I, at baseline (T0), accord-
ing to BMI the 50% of the population was obese.
All the subjects were obese according to TBFat
percentage estimated by DXA. No sarcopenic
subjects were highlighted by BCMI or ASMMI.
The frequency of insulin resistant subjects ac-
cording to HOMA-IR>2.5 were 70%.

Clinical Outcomes During DTs

The characteristics of the participants after 3
weeks of each DTs are shown in Table II and III.

Both groups had a significant decreased in
BMLI: after VLCKD, the A% of BMI was -11.1%,
(p=0.00); after VLCKD, the A% of BMI was
=-11.2%, (p=0.00).

Both groups lost weight, but the reduction
was greater in the VLCKD, (A%=-7.92% p=0.00)
compared to VLCKD, (A%=-5.61%; p=0.00). Af-
ter VLCKD,, it was noticed a significant reduc-
tion of TBW, (p<0.05) after VLCKD,.
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Table 1. Baseline characteristics of anthropometric mea-
surements, body composition parameters and blood tests of
the study population.

Total T-score

Dx BMC (g)
Sx T-score

Sx BMC (g)
L1L4 T-score

LIL4 BMC (g)

Dx BMD (g/cm?)

Sx BMD (g/cm?)

L1L4 BMD (g/cm?)

HOMA-IR (ng/mL)

Parameters Mean = SD (Min — Max)
Age 45.40 £ 14.20 (22.00 — 64.00)
Weight (kg) 85.50 £12.38 (69.00 —105.00)
BMI 3045 +2.64 (23.76 —32.78)
R (Ohm) 498.18 + 77.86 (341.00 — 607.80)
Xc (Ohm) 55.67+6.71 (43.00 — 65.00)
PA 6.58 £ 1.05 (5.10 —8.70)
BCM (kg) 31.85+9.27 (21.70 —48.40)
BCMI 11.56 £2.71 (8.50 —18.22)
TBW (L) 41.25£10.02 (32.80 —59.80)
ECW (L) 1794 +3.75 (14.60 — 27.10)
ICW (L) 2332+ 6.84 (16.30 —35.20)
AFP (%) region 0.47+0.06 (0.38—-0.59)
AFM (kg) 3.06+£0.72 (2.24-4.73)
ALM (kg) 3.38+£091 (2.51-5.12)

GFP (%) region 0.44+0.07 (0.29-0.51)
GFM (kg) 593+093 (443-7.23)
GLM (kg) 7.61 £2.07 (5.56—10.89)
TBFat (%) region ~ 39.50 + 1.08 (30.00 — 48.00)
TBFat/TBLean 0.75+0.20 (0.47-1.03)
ASMMI 8.15+1.48 (6.42-11.34)
IMAT 1.49+0.19 (1.08 —1.73)

1.15+1.14 (-0.70 —2.50)

Total BMD (g/em?) 1.23 +0.12 (1.06 — 1.38)
Total BMC (g) 2600.50 +£475.68 (2150.00 —3543.00)
Dx T-score 0.37+1.16 (-1.30—2.40)

1.07 +0.13 (0.91 — 1.29)
36.22 +5.76 (29.10 — 45.59)
0.44 + 1.08 (-1.20 —2.30)
1.08 +0.13 (0.93 - 1.28)
36.27 +£5.35 (31.05 — 46.00)
-0.21 % 1.27 (-1.80 — 1.70)
1.17 £0.15 (0.96 — 1.38)
64.23 +7.56 (50.93 — 73.26)

Uric acid (mg/dL)  3.88+1.24 (2.30 - 6.50)
BUN (mg/dL) 30.71 = 7.68 (21.00 — 43.00)
Creatinine (mg/dL) 0.69 +0.14 (0.51 — 0.94)
Vitamin D (ng/mL) 21.74 +2.38 (18.7 — 24.9)
AST (nL) 16.90 = 7.00 (2.99 —27.00)
ALT (uL) 28.80 £ 8.35 (13.00—46.00)
Glycemia (mmol/L) 4.93 +0.58 (4.28 —-6.11)
Insulin (pU/mL) 17.41 £9.90 (5.47—41.11)

4014285 (1.08 - 11.17)

QUICKI 0.3240.03 (0.27 - 0.38)
TC/HDL-C 3.45+098 (1.91-5.33)
LDL-C/HDL-C  2.19+0.81 (0.76 —3.67)
Te/HDL-C 1.90 + 1.1 (0.62 — 4.46)
VAI 274+1.65 (0.92-6.47)
RMR (Kcal) 168671 +275.18 (1357.65 —2176.46)

After VLCKD, treatment, a significant de-
crease for region AFP, (A%=-1,8%, p=0.02), and
AFM (kg) (A%=-12.7%, p=0.00) was observed.
Furthermore, GFM (kg) (A%=-6.3%, p=0.01) was
significantly reduced after VLCKD,.

VLCKD, determined a significant decrease
of AFM (kg) (A%=-14.3%, p=0.00), GFM (kg)
(A%=-6.3%, p=0.00). Left (sx) femur BMC was
significantly increased after VLCKD, (A%=1.5%,
p=0.04). No other significant changes in BMC or
BMD were observed after DTs.

It was observed a significant reduction of
ALM (kg) (A%=-6.3%, p=0.01) and GLM (kg)
(A%=-4.8%, p=0.01) as a result of VLCKD, treat-
ment. At the same time, after VLCKD, treatment
there was a significant lowering of ALM (kg)
(A%=-10.8%, p=0.01) and GLM (kg) (A%=-6.1%,
p=0.01). Pearson’s r-value was significant posi-
tive between creatine and ALM (kg) (»p=0.01) in
VLCKD,.

RMR decreased significantly after both DTs
(VLCKD, A%=-4.8%, p=0.00; VLCKD, A%=-
7.8%, p=0.00).

IMAT value decreased in all diet treatments,
but only in VLCKD, a significant reduction was
observed (A%=-11.1%, p=0.00). Pearson’s r-value
was significant negative between serum 25(0OH)
D and IMAT (p=0.04) in VLCKD,.

VLCKD, determined a significant decrease of
ASMMI (A%=-17.5%, p=0.00). Pearson’s r-value
was significant positive between ASMMI and
creatinine (p=0.02), and ALM (kg) (p=0.01) in
VLCKD,.

After VLCKD,, blood tests underlined a
significant increase of uricemia, creatinine and
AST (respectively A%=35%, p=0.01; A%=5.9%,
p=0.02; A%=25.5%, p=0.03). No significant
changes were observed for ALT and BUN values
in any dietary treatment. After VLCKD,, urice-
mia was significantly increased (A%= 63.1%, p=
0.03), as well as Vitamin D levels (A%=25.7%,
p=0.02). Pearson’s r-value was significant pos-
itive between serum 25(OH)D and AFM/GFM
(p=0.02) in VLCKD,,.

All results were expressed as mean + standard deviation (SD) followed by minimum and maximum. Body Mass Index (BMI);
Resistance (R); Reactance (Xc); Phase Angle (PA); Body Cell Mass (BCM); Body Cell Mass Index (BCMI); Total Body Water
(TBW); Extracellular Water (ECW); Intracellular Water (ICW); Android Fat Percentage (AFP); Android Fat Mass (AFM); An-
droid Lean Mass (ALM); Gynoid Fat Percentage (GFP); Gynoid Fat Mass (GFM); Gynoid Lean Mass (GLM); Total Body Fat
(TBFat); Total Body Lean (TBL); Appendicular Skeletal Muscle Mass Index (ASMMI), Intermuscular Adipose Tissue (IMAT),
Bone Mineral Density (BMD); Bone Mineral Content (BCM); Lumbar vertebrae 1 and 4 (L1-L4), Blood Urea Nitrogen (BUN);
Aspartate aminotransferase (AST); Alanine aminotransferase (ALT); Homeostasis Model Assessment of Insulin Resistance
(HOMA-IR); Quantitative Insulin Sensitivity Check Index (QUICKI); Total Cholesterol (TC); High Density Lipoprotein (HDL);
Low Density Lipoprotein (LDL); Triglycerides (Tg); Visceral Adiposity Index (VAI), Resting Metabolic Rate (RMR).
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Table Il. Anthropometric measurements of body composition parameters before and after each dietary treatment.

VLCKD, VLCKD,
Time TO T1 TO T1
Mean = SD Mean = SD Mean = SD Mean = SD
(Min = Max) (Min — Max) (Min — Max) (Min - Max) P
Weight (kg) 82.23 + 14.60 77.62 +12.37 0.00 7743 £7.12 71.30 £ 6.91 0.00
(64.00 — 105.00) (64.00 — 96.00) (69.00 — 88.00) (63.10 — 82.50)
BMI 29.85+3.98 26.54 +4.14 0.00 2042 +£2.24 2611 +2.42 0.00
(23.76 — 36.58) (23.52 — 35.24) (26.51 —32.78) (24.15-30.95)
R (Ohm) 492.30 + 72.67 514.60 £ 80.71 0.11 54430 + 38.48 541.00 &+ 54.29 0.80
(341.00 — 570.00) (368.00 — 651.00) (498.00 — 607.80) (472.00 — 599.00)
Xc (Ohm) 54.30 £ 6.36 57.80 +£ 5.05 0.10 55.95+4.79 61.17 + 11.09 0.26
(43.00 — 65.00) (50.00 — 65.00) (47.00 — 61.00) (46.00 — 79.00)
PA 6.40 = 1.10 6.55 £ 1.19 0.35 6.05 £+ 0.67 6.52 £ 1.60 0.44
(5.20 - 8.70) (5.00 - 9.40) (5.10 — 6.80) (5.20-9.50)
BCM (kg) 31.12+9.74 30.48 £9.16 0.14 2577 £2.60 3477 +19.49 0.33
(22.30 — 48.40) (21.10 — 47.20) (21.70 — 28.40) (22.40 — 73.50)
BCMI 11.29 £ 2.90 11.07 £2.76 0.142 9.99 +0.95 13.25 £ 6.63 0.32
(8.18 - 18.22) (7.57-17.77) (8.50 — 11.09) (9.31 -26.35)
TBW (L) 41.11 + 10.04 39.56 +9.04 0.042 35.05+2.22 34.58 £2.20 0.38
(32.80 — 59.80) (31.20 - 55.00) (32.80 — 38.00) (31.80 — 38.20)
ECW (L) 17.98 + 3.69 17.24 £2.98 0.07° 16.25 £ 1.00 15.18 £ 1.63 0.13
(14.60 — 27.10) (14.10 — 23.70) (14.60 — 17.20) (12.90 — 17.10)
ICW (L) 23.11 £ 6.94 22.34+6.33 0.07* 18.82 +£1.82 19.40 +£3.13 0.50
(16.60 — 35.20) (15.80 —33.00) (16.30 — 20.90) (16.80 — 25.30)
AFP (%) 4470 + 6.33 4290+7.19 0.01 48.83 £3.43 48.00 £5.25 0.45
region (37.00 — 59.00) (33.00 — 57.00) (44.00 — 54.00) (40.00 — 55.00)
AFM (kg) 2.75+0.90 2.40 +0.79 0.00 273 +0.38 2.34+ 041 0.00
(1.67 —4.73) (1.33-4.21) (2.24 -3.14) (1.80 —2.78)
ALM (kg) 3.33+£0.94 3.12+0.86 0.01 278 £0.24 248 £0.28 0.01
(2.37-5.12) (2.28 —4.63) (2.51 -3.08) (2.14 -2.89)
GFP (%) 42.30 £ 6.58 41.70 £ 7.02 0.26 47.67 +£2.58 47.67 +3.20 1.00
region (29.00 — 49.00) (29.00 — 52.00) (44.00 — 51.00) (44.00 — 53.00)
GFM (kg) 5.53+£0.92 5.18 £0.96 0.00 591 +£0.87 5.54 £0.80 0.00
(4.38-17.05) (3.79 — 6.58) (4.85-17.23) (4.60 — 6.62)
GLM (kg) 7.50£2.15 7.14 +1.96 0.01° 6.23 +0.54 5.85+0.67 0.01
(5.46 — 10.89) (5.16 — 10.31) (5.56 —7.00) (5.01 - 6.95)
TBFat (%) 38.85+5.94 37.45 £+ 6.41 0.14 43.52+£2.14 4291 £2.59 0.15
region (30.00 —48.00) (28.00 — 47.00) (38.00 —45.00) (37.00 — 44.00)
TBFat/TBL 0.70 £ 0.18 0.68+0.20 0.20 0.83 £0.09 0.83£0.12 0.88
(0.47 - 1.03) (0.45 -0.98) (0.67 —0.95) (0.64 — 1.00)
ASMMI 7.84 £1.20 7.56 £2.02 0.95 7.44 +£0.52 6.40 = 0.88 0.00
(6.50 — 11.10) (5.75 - 11.70) (6.32 — 8.40) (5.20-17.95)
IMAT 1.35+0.30 1.20+£0.12 0.00 1.46 £ 0.32 0.87 +£0.49 0.06
(0.77 — 1.85) (0.60 — 1.72) (0.99 — 1.58) (0.22 - 1.47)
Total T-score 1.14 £ 1.07 1.14 £ 1.28 0.85 1.37+1.18 1.30 £1.20 0.44
(-0.60 — 2.60) (-0.90 — 2.30) (-0.20 — 2.50) (-0.30—2.70)
Total BMD 1.21+£0.13 1.22+£0.15 0.70 1.21 £0.11 1.21 £0.12 0.65
(g/cm?) 1.02 — 1.38) (0.99 — 1.37) (1.06 — 1.33) (1.05 - 1.35)
Total 2453.88 +384.56 2502.00 +448.48 0.43 2364.50 + 162.69 2359.50 + 170.19 0.63
BMC (g) (2076.00 —3320.00) (2157.00 — 3275.00) (2150.00 — 2541.00) (2103.00 —2534.00)
Dx T-score 0.61 +1.16 0.60 +0.83 0.59 0.62 +1.33 0.55 +1.39 0.29
(-0.70 — 2.50) (-0.20 - 2.00) (-0.70 — 2.40) (-0.80 —2.50)
Dx BMD 1.08 £0.15 1.09 £ 0.11 0.48 1.08 £0.16 1.07 £0.17 0.26
(g/cm?) (0.91 - 1.29) (0.97 - 1.24) (0.91 - 1.29) (0.90 — 1.31)
Dx BMC (g) 35.13 +£5.59 35.79 +5.85 0.25 33.60 + 4.04 33.16 £4.82 0.25
(29.54 — 45.59) (30.31 —44.74) (29.10 — 38.90) (28.09 — 39.74)
Sx T-score 0.68 £ 1.06 0.70 £ 0.67 0.47 073 +1.14 0.88 £1.21 1.00
(-0.50 — 2.40) (0.00 — 1.70) (-0.60 — 2.30) (-0.50 — 2.50)

Table continued
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Table Il Continued. Anthropometric measurements of body composition parameters before and after each dietary treatment.

VLCKD, VLCKD,
Time TO T1 TO T1
Mean = SD Mean = SD Mean = SD Mean = SD
(Min = Max) (Min — Max) (Min — Max) (Min — Max) P
Sx BMD 1.10+0.14 1.10 +£0.10 0.43 1.09 £ 0.14 1.12+0.14 0.45
(g/em?) (0.94 - 1.29) (1.00 - 1.21) (0.93 — 1.28) (0.94 - 1.30)
Sx BMC (g) 3537 +5.22 3592 +5.53 0.04 34.10 £ 3.36 3423+ 345 0.37
(30.12 — 46.00) (31.91 — 45.44) (31.05 — 39.28) (31.28 — 39.52)
L1L4 T-score -0.16 £ 1.58 0.02 +1.50 0.51 0.05 +1.63 0.07 +£1.80 0.87
(-2.30-1.80) (-1.80 — 1.90) (-1.80 — 1.70) (-1.80 - 1.90)
L1L4 BMD 1.17+£0.19 1.19 £ 0.18 0.58 1.19 £0.19 1.19 £0.22 0.73
(g/cm?) (0.90 — 1.39) (0.96 — 1.41) (0.96 — 1.38) (0.96 — 1.41)
L1L4 BMC (g) 62.16 £ 10.63 66.49 +7.32 0.43 62.80 + 8.98 61.68 + 10.78 0.63
(43.14 — 75.80) (55.16 — 73.61) (50.93 — 72.87) (49.46 — 76.16)

All parameters were evaluated before and after two different dietary treatments. All results were expressed as mean + standard
deviation (SD) followed by minimum and maximum. Statistical significance was attributed to results with p<0.05 after paramet-
ric test (Student -test) or non-parametric test* (Wilcoxon-Mann-Whitney). Body Mass Index (BMI); Resistance (R); Reactance
(Xc); Phase Angle (PA); Body Cell Mass (BCM); Body Cell Mass Index (BCMI); Total Body Water (TBW); Extracellular Water
(ECW); Intracellular Water (ICW); Android Fat Percentage (AFP); Android Fat Mass (AFM); Android Lean Mass (ALM);
Gynoid Fat Percentage (GFP); Gynoid Fat Mass (GFM); Gynoid Lean Mass (GLM); Total Body Fat (TBFat); Total Body Lean
(TBL); Appendicular Skeletal Muscle Mass Index (ASMMI), Intermuscular Adipose Tissue (IMAT), Bone Mineral Density
(BMD); Bone Mineral Content (BCM); Lumbar vertebrae 1 and 4 (L1-L4).

After VLCKD,, insulin also decreased sig-
nificantly (A%=-32.4%, p=0.01), like HOMA-IR
(A%=-62.1%, p=0.01). In accordance with these
results, data showed a significant reduction of
QUICKI (A%=18.2%, p=0.02). VLCKD, deter-
mined a significant reduction of glycaemia (A%=-
14.3%, p=0.03), insulin (A%=-50.7%, p=0.04),
and consequently of HOMA-IR (A%=-59.4%,
p=0.02). However, after VLCKD, QUICKI did
not change significantly.

No significant changes were observed after
the two DTs for CVD indexes.

Gene expression analysis showed no signifi-
cant changes in PPARy levels in any DTs.

Discussion

Calorie restriction (CR), defined as a reduction
in calorie intake without malnutrition, is the most
potent regimens resulted in progressively quicker
weight losses, under medical control. Since the
popularity of short-term very-low-calorie keto-
genic diets remains high among obese subjects
to reduce body mass, it emerges the need to un-
derstand the terms of efficacy and safety in the
weight decrease by these diets.

The present study administered to obese
subjects two different, in term of protein con-
tent and quality, 21-day calorie-restricted keto-

genic diets (<800 kcal per day). After the two
VLCKDs, we observed a significant reduction
in body weight (VLCKD, A%=-5.6%, p=0,00;
VLCKD, A%=-7.9%, p=0.00), according to pre-
vious data ¥, and BMI (VLCKD, A%=-11,1%,
p=0.00; VLCKD, A%=-11.2%, p=0.00) which
can be justified not just by the fact that they
are ketogenic diets low in carbohydrates, but
rather by the low calorie intake. After VLCKD,
significant reduction of fat mass in the android
and gynoid region was observed (p<0.05). Be-
cause any negative changes in global measure-
ments of nutritional state including sarcopenia,
bone mineral content, hepatic, renal and lipid
profile was observed, the 21-days VLCKDs did
not impair nutritional state. Although there are
evidence of the bone mass density reduction in
mouse feed with KDs*, some published articles
suggested that there is not a negative effect on
bone health?’. Moreover, Carter et al *® showed
that there was no significant change in the bone
turnover ratio after 3-month treatment with KD.
Furthermore, the effects of dietary protein levels
on bone metabolism should be better define®*-*°.
According to Carter et al*®, in our trial no
significant changes in BMC or BMD were ob-
served after DTs, conversely sx femur BMC was
significantly increased after VLCKD, (p=0.04).
Our data suggest that short-term KD treatment
seems to not modify bone health. Vitamin D de-

[o]
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Table Ill. Blood tests and risk indices before and after each dietary treatment.

VLCKD, VLCKD,
Time TO T1 TO T1
Mean = SD Mean = SD Mean = SD Mean = SD
(Min = Max) (Min — Max) (Min — Max) (Min — Max) P
Uric acid 3.80 +1.28 513 +£1.91 0.01 3.25+0.71 530+ 1.67 0.03a
(mg/dL) (2.10 - 6.50) (2.70 - 7.60) (2.30-4.00) (3.90 — 8.30)
BUN (mg/dL)  33.00 + 10.54 28.75 £ 6.27 0.35 31.67 +7.94 3250+ 11.50 0.83
(19.00 — 47.00) (19.00 — 37.00) (21.00 — 43.00) (21.00 — 51.00)
Creatinine 0.68 +£0.13 0.72+0.13 0.02 0.65 +0.10 0.71 £0.08 0.23
(mg/dL) (0.50-0.94) (0.52 - 1.00) (0.51 -0.75) (0.58 —0.81)
Vitamin D 21.89 +3.88 2547 +£0.84 0.17 22.28 £2.69 2778 £3.58 0.02
(ng/mL) (16.10 — 28.40) (24.40 — 26.50) (18.70 — 24.90) (23.60 — 32.00)
AST (pL) 16.10 £ 5.78 20.20 £ 5.65 0.03 15.17 £ 6.97 15.67 £ 3.83 0.83
(10.00 — 27.00) (13.00 — 31.00) (2.99 - 23.00) (12.00 — 21.00)
ALT (uL) 26.60 +£9.13 28.60 +9.26 0.16 25.17 £ 6.85 2717 £7.25 0.26
(14.00 — 46.00) (15.00 — 48.00) (13.00 — 33.00) (14.00 — 35.00)
Glycemia 493 +0.66 440+ 0.54 0.06 491+ 043 420+ 0.89 0.032
(mmol/L) 4.11 -6.11) (3.28 = 5.06) (4.33-5.5) (2.56-5.22)
Insulin (WU/mL) 16.47 +9.77 7.16 +£3.31 0.01° 15.02 +£5.28 7.40 £ 4.44 0.04
(5.47 —41.11) (2.76 — 12.58) (8.12 — 23.85) (3.28 — 15.53)
HOMA-IR 3.80 +£2.85 1.44 +£0.75 0.012 335+ 145 1.36 £ 0.86 0.02
(ng/mL) (1.08 = 11.17) (0.40 —2.70) (1.56 — 5.83) (0.62 —2.95)
QUICKI 0.33+£0.03 0.39 £ 0.05 0.02# 0.33£0.02 0.33+£0.05 0.87
(0.27 -0.38) (0.33-0.45) (0.30 - 0.36) (0.26 - 0.39)
TC/HDL-C 3.35+0.86 3.13+0.66 0.38 3.22+0.89 3.27 £1.05 0.87
(2.10-5.33) (1.84 -3.91) (1.91 —4.18) (1.68 — 4.66)
LDL-C/HDL-C 2.17 £0.69 1.92 +£0.62 0.21 2.00+0.79 2.09 +1.07 0.74
(0.99 —-3.67) (0.72 - 2.72) (0.76 —2.91) (0.55-3.56)
Tg/HDL-C 1.74 £ 1.11 1.58 + 0.60 0.72? 1.52+0.71 1.75+0.75 0.49
(0.76 — 4.46) (0.54 -2.23) (0.62 —2.52) 0.79 -2.73)
VAI 2.51 £1.63 2.19+0.80 0.65% 2.27+1.05 2.61 +£1.09 0.50
(1.15-6.47) (0.82 —3.34) (0.92 -3.52) (1.23 -3.97)
RMR (Kcal) 1663.05 +286.87 1583.96 + 272.49 0.00 1521.75 £ 121.38 1402.93 + 146.71 0.00
(1397.17 — 2176.46)  (1237.02 — 2021.53) (1357.65 — 1701.05)  (1198.80 — 1633.30)
PPARy 12.14 £ 1.06 12.22 £ 1.48 0.73 12.12+1.28 12.38 £ 1.78 0.71
(10.70 — 13.36) (9.81 — 14.00) (10.70 — 13.30) (10.32 - 15.11)

All parameters were evaluated before and after two different dietary treatments. All results were expressed as mean + standard
deviation (SD) followed by minimum and maximum. Statistical significance was attributed to results with p<0.05 after paramet-
ric test (Student #-test) or non-parametric test® (Wilcoxon-Mann-Whitney). Blood Urea Nitrogen (BUN); Aspartate aminotrans-
ferase (AST); Alanine aminotransferase (ALT); Homeostasis Model Assessment of Insulin Resistance (HOMA-IR); Quantitative
Insulin Sensitivity Check Index (QUICKI); Total Cholesterol (TC); High Density Lipoprotein (HDL); Low Density Lipoprotein
(LDL); Triglycerides (Tg); Visceral Adiposity Index (VAI), Resting Metabolic Rate (RMR). Gene was compared between the
two dietary treatments as gene expression ACt. Peroxisome proliferator activated receptor-y (PPAR-y).

ficiency was implicated in several diseases like
obesity, metabolic syndrome and diabetes type
2, but the basis of this hypovitaminosis is still
under debate. Adipose tissue, especially visceral
fat, is one of the major resources of Vitamin D*-
42 As a matter of fact, fat tissue could contain
the 60% of total Vitamin D and this amount is
correlated with plasma 25(OH)D*, but not with
serum concentration*. On the other and, white
adipose tissue is a Vitamin D target and modu-
lates its function and formation** *. Numerous

studies correlated low levels of Vitamin D in
healthy and obese subjects, demonstrating that
levels of serum 25(OH)D seems to be inversely
correlated with BMI, fat mass and waist circum-
ference*-3°, probably due to the large amount of
adipose tissue, which is able to sequester this
micronutrient, reducing its bioavailability®'-2.

The relationship between serum 25(OH)D
levels and abdominal obesity, suggest that adi-
posity phenotypes were strongly linked to serum
25(0H)D levels™.
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In our experiment, a significant reduction of
AFM (kg) (p=0.00), and GFM (kg) (p=0.00)
were obtained after both DTs, combined with
higher levels of serum 25(OH)D only after VL-
CKD, (p=0.02). Moreover, our Pearson’s r-value
was significant positive between serum 25(OH)
D, and AFM/GFM (p=0.02), conversely to pre-
vious studies, showing that low concentration of
25(0OH)D was associated with higher Android/
Gynoid ratio, related with metabolic syndrome
onset™,

Furthermore, Pearson’s r-value was significant
negative between serum 25(OH)D and IMAT
(p=0.04).

Vitamin D is able to influence glucose ho-
meostasis and insulin sensitivity”?’. Serum
concentrations of vitamin D are controlled by
circulating free vitamin D and vitamin D bind-
ing protein (VDBP) levels, which in turn, is
modified by insulin resistance and fasting insu-
lin. Ashraf et al’” demonstrated that high fasting
insulin and insulin resistance are related to low
VDBP levels, making it a possible risk factor for
glucose alterations. In the meantime, Manco et
al*® did not find correlation between vitamin D
and insulin levels.

Limiting the consumption of carbohydrates,
the primary source of energy is represented by
free fatty acids (FFA). This mechanism creates
a state of ketosis, in which the concentration
of blood ketones (acetoacetate, 3-B-hydroxybu-
tyrate, and acetone) increases due to increased
fatty acid breakdown and activity of ketogenic
enzymes. At the same time, insulin stimulates
the use of glucose as an energy source to
combat ketosis, while glucagon stimulates ke-
togenesis®, hepatic production of glucose, and
lipolysis®®. We observed lower insulin level after
VLCKD, and VLCKD, and higher insulin sen-
sitivity (p=0.02) after VLCKD,, in agreement
with other studies®. Our data are in contrast
with experimental observation on mice feed
with high-fat KD, where increased energy ex-
penditure, with a consequent weight loss, and in
the meantime induced hepatic insulin resistance,
due to an increasing in hepatic diacylglycerol
(DAG) content, and nonalcoholic fatty liver dis-
ease (NAFLD) were observed®. Several studies
62-64 demonstrated that the association between
obesity, metabolic syndrome and diabetes type 2
with non-alcoholic fatty liver disease (NAFLD)
is supported by the role of insulin resistance
as a responsible of the hepatic disease onset.
Furthermore, high serum aminotransferases are

an early index for clinical diagnosis of NAFLD,
especially, ALT is commonly used for initially
screen in obese®%°. ALT > 40 U/L is used as cut-
off point for the diagnoses of steatosis®’. At the
same time, high levels of AST were commonly
found in NAFLD, and AST/ALT ratio < 1 is
index of fibrosis grade. In our study, the level of
ALT was <40 U/L, and if a significant increase
of AST was observed after VLCKD, (p=0.03),
the level remains in the normal range.
Creatinine excretion is controlled by kidneys,
so its serum concentration is used to evaluate re-
nal functions, more specifically, using glomeru-
lar filtration rate (GFR), and is a marker of mus-
cle status®. In patients with GFR less than 25
mL/min/1.73 m?, Modification of Diet in Renal
Disease (MDRD) Study suggested a prescribed
a lower dietary protein intake of 0.6 g/kg/day
% On the other hand, subjects with intact renal
function showed a functional and morphological
adaptations without negative effects to higher
dietary protein intake”. Creatinine is produced
by the conversion of creatine and creatine phos-
phate, which is mostly contained in muscles’'.
Low creatinine levels are associated with poor
muscle mass or low protein dietary intake. In
contrast to several studies’”’, our data show a
significant increase of creatinine only after VL-
CKD, (p=0.02), due to the higher protein intake
respect to VLCKD,. Both DTs determined a
decrease of ALM (kg) (p=0.01), and GL M (kg)
(p=0.01), but only after VLCKD, , our Pearson’s
r-value was significant positive between creatine
and ASMMI (p=0.02) and ALM (kg) (p=0.01),
suggesting a possible role of aminoacids sup-
plements in the prevention of muscle mass loss
during a KD. Even if the level of creatinina after
VLCKD, it is still within normal levels, this
result could suggest a possible risk kidney and
liver damage, since subjects with liver diseases
can also have low levels of serum creatinine,
because of limited creatinine synthesis, poor
muscle mass, sarcopenia, and increased tubu-
lar creatinine secretion™’%, However, long-term
studies are needed to confirm this finding. There
is a strong correlation between obesity and the
relative risk of progression of chronic kidney
disease (CKD), in particular related to hypertri-
glyceredemia, low HDL cholesterol, oxidative
stress and azotemia increase, which stimulate
synthesis of angiotensin II, and plasminogen ac-
tivator inhibitor-1, thereby propagating glomer-
ular fibrosis””. BUN is a parameter influenced
by renal function. Paoli et al™’ didn’t observe
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a change in BUN values during ketogenic diets.
Our data are in agreement with this finding, as
no increase of BUN was observed after the two
DTs, supporting the hypothesis in the short-
term these diets do not lead to kidney damage.
Moreover, it was not observed any rise in CVD
indexes. These results are according to evidence
that point to beneficial effects of KDs on these
cardiovascular risk factors, due to the reduction
of carbohydrates leading to significant total cho-
lesterol and blood triglycerides reduction, with
increase in HDL”. On the contrary it was report-
ed that diets with low carbohydrates and high
protein intakes did not determine an increased
cardiovascular risk®. Studies on serum uric acid
concentrations after ketogenic diet seem to give
discordant results. Several studies®** reported
not changes during ketogenic diet. Conversely,
different papers reported an increase of serum
uric acid after this dietary treatment®®. De
Oliverira et al®® shown that high uric acid con-
centration was positively associated with BMI,
triglycerides, urea and CRP. Conversely, uric
acid was found negatively associated with poor
muscle mass. However, even if any change in
TBF/TBLwas observed, we highlighted an in-
crease of uric acid after both DTs (VLCKD,,
p=0.01; VLCKDZ’p:0.03), which could be ex-
plained by a protective action against oxidative
stress®®. In fact, serum uric acid concentration
is indirectly associated with adiposity markers:
muscle mass loss and obesity are related to low-
grade chronic inflammation and uric acid, which
is able to inhibit free radicals®’. PPARs play
critical physiological roles as lipid sensors and
regulators of lipid metabolism and are activated
by fatty acids®®. Initially identified for their role
in regulating metabolism of glucose and lipid,
PPARs have more recently been implicated in
the regulation of other phenomena, including in-
flammation. Furthermore, in vitro experiments
demonstrated that agonists of PPARy inhibit the
release of proinflammatory mediators by mono-
cytes®. A variety of molecules, including fatty
acids, eicosanoids, and 15-deoxy-12, 14-prosta-
glandin J2 are able to activate PPARy®. Inter-
estingly, after both DTs any changes in PPARy
mRNA were highlighted, neither an increase
in cardiovascular risk indexes, probably aris-
ing from a modulation of oxidative stress and
inflammatory processes consequent to the de-
crease of truncal obesity, due to reduction of
GFM (kg) (p=0.00), and an increase of factors
protective such as uric acid.

Conclusions

Our data show that VLCKD, also with 50%
of protein replaced by synthetic aminoacidic,
may be used safely for a limited period (3
weeks) to stimulate fat loss, to ensure weight
loss, ectopic and visceral fat reduction, improve
metabolism, without running the risk of com-
mitting the possibility of cardiovascular, renal
and hepatic diseases. Limits of the study were
the small number of enrolled subjects and short-
term treatment.

Anyway, the results observed in this explor-
atory study support the scientific evidence re-
garding the important clinical implications in
selecting a dietary treatment, according to of
quality, efficacy and safety indicators. Further
studies are needed to increase knowledge of ther-
apeutic mechanisms and ensure its efficacy and
safety in the long term.
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