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Abstract
Purpose The ketogenic nutritional therapy (KeNuT) is an effective dietary treatment for patients with obesity and obesity-
related comorbidities, including type 2 diabetes, dyslipidaemia, hypertension, coronary artery disease, and some type of 
cancers. However, to date an official document on the correct prescription of the ketogenic diet, validated by authoritative 
societies in nutrition or endocrine sciences, is missing. It is important to emphasize that the ketogenic nutritional therapy 
requires proper medical supervision for patient selection, due to the complex biochemical implications of ketosis and the 
need for a strict therapeutic compliance, and an experienced nutritionist for proper personalization of the whole nutritional 
protocol.
Methods This practical guide provides an update of main clinical indications and contraindications of ketogenic nutritional 
therapy with meal replacements and its mechanisms of action. In addition, the various phases of the protocol involving meal 
replacements, its monitoring, clinical management and potential side effects, are also discussed.
Conclusion This practical guide will help the healthcare provider to acquire the necessary skills to provide a comprehen-
sive care of patients with overweight, obesity and obesity-related diseases, using a multistep ketogenic dietary treatment, 
recognized by the Club of the Italian Society of Endocrinology (SIE)—Diet Therapies in Endocrinology and Metabolism.

Keywords Ketogenic diet · VLCKD · Meal replacements · Ketone bodies · Weight loss · Cardiovascular risk · Type 2 
diabetes · Cardiovascular rehabilitation

Introduction

In the last 10 years, ketogenic nutritional therapy gained 
great interest in the context of the management of patients 
with overweight or obesity [1], as well as with different 
emerging clinical settings, including psoriasis [2, 3], can-
cer [4, 5], sleep disorders [6, 7], male hypogonadism [8] 
and polycystic ovary syndrome (PCOS) [9–13]. Due to the 
different clinical studies published on this topic, the Italian 
Society of Endocrinology (SIE) recently published a con-
sensus statement [14]. Several ketogenic diets with different 

macronutrients composition exist, including the classic 
ketogenic diet, the Atkins diet, the high-fat ketogenic diet, 
and the very-low-calorie ketogenic diet (VLCKD). To clar-
ify the confusion potentially raised by the complex nomen-
clature of ketogenic diets, Trimboli et al. [15] recently pub-
lished a document in which a clear definition, classification 
and acronym of various ketogenic diets has been reported, 
as shown in Table 1.

In general, to be defined “ketogenic”, the diet should not 
exceed a total amount of carbohydrate higher than 30–50 g/
day. Glucose production in the first 3 to 4 days is provided by 
gluconeogenesis and glycogenolysis. Lowering glucose lev-
els will lead to lower insulin levels and increased glucagon 
levels. This hormonal change induces free fatty acids release 
from the adipose tissue which, arriving via the bloodstream 
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to the liver, will be transformed into ketone bodies as an 
alternative fuel source for extra hepatic organs as central 
nervous system, kidney, muscle, and heart. Ketogenic diets 
induce a metabolic condition called “nutritional ketosis”, 
which is completely different from the pathologic state of 
diabetic ketoacidosis [16]. The restriction of carbohydrate 
consumption to produce ketone bodies determines a nutri-
tional ketosis whose hallmark is characterized by a blood 
ketone level between 0.5 and 3 mg/dL. On the other hand, 
“therapeutic ketosis”, requires a concentration of ketones 
greater than 5 mg/dL but never exceeding 8–9 mg/dL [17]; 
this type of ketosis is considered more effective than nutri-
tional ketosis. Interestingly, a few weeks after nutritional 
(or therapeutic) ketosis, a process known as “keto-adapta-
tion” occurs, which represents the cells’ ability to adapt and 
respond primarily  to ketones bodies as fuel source, instead 
of glucose [16]. This process is due to the up-regulated tran-
scription of genes encoding metabolic enzymes leading to 
increased mitochondrial density in oxidative tissues such as 
muscle and brain [16]. Differently, in the pathologic state 
of diabetic ketoacidosis plasma ketones concentrations is 
five- to tenfold greater than the levels observed during nutri-
tional ketosis [16]. Indeed, despite similar names, nutritional 
(or therapeutic) ketosis represents a completely different 
metabolic process. The production of endogenous insulin 
naturally occurring in nutritional (or therapeutic) ketosis is 
protective against the occurrence of diabetic ketoacidosis 
[16]. Additionally, in nutritional (or therapeutic) ketosis the 
body is able to maintain both a normal pH and normal blood 
glucose levels, whereas abnormal pH and extremely elevated 
blood glucose are observed in diabetic ketoacidosis [16].

VLCKD is characterized by a reduced calorie intake, 
usually less than 800 kilocalories; on the other hand, in 
isocaloric-ketogenic diet and low-calorie ketogenic diet it 
is not possible to define the caloric content a priori, given 
that the definition of isocaloric and hypocaloric is estab-
lished on the total energy expenditure of individual patients 
[18–20]. From a macronutrient point of view, VLCKD pro-
vides approximately 0.8–1.2 g/day of protein per each kg of 
ideal body weight and 20–30 g/day of fat [21].

The benefits of VLCKD on body weight, body com-
position, glucose and lipid parameters have been recently 
demonstrated in the European guidelines for obesity 

management in adults [1]. Authors reported that VLCKD 
induced a significant weight loss in the short, intermediate, 
and long term and determined an improvement in glucose 
and lipid profiles as well as in body composition parameters. 
In addition, VLCKD compared to other weight loss dietary 
interventions of the same duration, showed a higher efficacy 
in the reduction of body weight and in particular of waist 
circumference and fat mass, as well as in the improvement 
of insulin resistance, total cholesterol and triglyceridemia 
[1]. Importantly, reduction in body weight during VLCKD 
occurs by preserving lean mass and by selectively burn-
ing fat in visceral rather than subcutaneous adipose tissue 
compartments, thus optimizing body composition [22–25]. 
Another metabolic advantage of VLCKD is the preservation 
of energy expenditure, thus preserving energy balance with 
a consequent facilitation to weight loss [1]. Under physi-
ological conditions, prolonged caloric restriction triggers 
biological responses that result in decreased energy expendi-
ture, inducing resistance to weight loss [26]. By contrast, 
it was observed that VLCKD did not foster the expected 
reduction in energy expenditure in patients with obesity, 
despite the large body weight reduction [27]. It could be 
hypothesized that nutritional ketosis during VLCKD could 
promote energy expenditure by increasing the expression 
of thermogenic genes, a biological process that dissipates 
energy through futile metabolic cycles, counteracting meta-
bolic inflexibility typical of obesity [28–31]. VLCKD ben-
efits go beyond weight loss, improving physical and sexual 
activity, sleep disturbances, and reducing food cravings, thus 
ameliorating the quality of life [32]. Moreover, it is known 
that VLCKD could improve several obesity- and overweight-
associated comorbidities, such as type 2 diabetes (T2DM), 
hypogonadism, PCOS, respiratory dysfunctions, and car-
diovascular diseases [27]. This psychological well-being, 
combined with the improved perception of personal fitness, 
encourages patients’ adherence to the diet and strongly con-
tributes to the success of the weight-loss intervention [32]. 
Of interest, both the EASO guidelines [1] and a recent arti-
cle by Barrea et al. [33] report that the VLCKD can be con-
sidered a safe dietary approach since the most common side 
effects are easy to be managed and usually clinically mild.

Meal replacements are often used in VLCKD protocols 
and include portion-controlled, ready-made meals and 

Table 1  Definition, classification, and acronym of various ketogenic diets

ICKD isocaloric ketogenic diet; TEE total energy expenditure; LCKD low-calorie ketogenic diet; VLCKD very low-calorie ketogenic diet; DCI 
daily calorie intake

Diet Acronym Kcal Carbohydrates Lipids

Isocaloric ketogenic diet ICKD Calculated according to TEE  < 30–50 g/day 70–80% of DCI
Low-calorie ketogenic diet LCKD  > 800 kcal/day but < TEE  < 30–50 g/day  > 30–40 g/day
Very low-calorie ketogenic diet VLCKD  < 800 kcal/day  < 30–50 g/day  < 30–40 g/day
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products marketed as bars, shakes, and soups. In order to 
reduce the daily calorie intake, meal replacements are used 
instead of fresh food [34]. Using meal replacements has the 
advantage of being helpful for calorie control, since patients 
often tend to overestimate the amount of calories in food 
[35], and self-efficacy for dietary behaviours is known to 
decline over time in behavioural intervention [36]. Impor-
tantly, a large variety of stimuli in a given meal is usually 
associated with higher calorie intake, and a meal replace-
ment narrows all sensory stimuli by providing a limited 
range of flavours, textures and macronutrient within and 
between eating episodes [37]; therefore, properly formulated 
meal replacements have the ability to decrease hedonic drive 
for food and increases satiety. A recent systematic review by 
Astbury et al. [38] reported that dietary therapies incorporat-
ing meal replacements, in comparison to weight loss pro-
grammes without meal replacements, were associated with 
greater weight loss (a mean difference of −2.22 to −6.13 kg) 
at 1 year. In this context, meal replacements should be con-
sidered as a valid option for management of overweight and 
obesity [38].

In the recent Italian and European position statements, 
VLCKDs have been proposed as a valuable option to achieve 
significant weight loss in a short period of time. However, 
their long-term benefits in treating obesity require more 
robust evidence given that most studies evaluated only 
short- and medium-term effects. Therefore, VLCKD rep-
resents a medicalized nutritional therapy in the context of a 
more complex, multidimensional approach for the long-term 

management of patients with obesity, also including consid-
eration of behavioural, pharmacological and surgical treat-
ment options [39].

The purpose of this practical guide from the working 
group of the Club of the SIE society—Diet Therapies in 
Endocrinology and Metabolism is to provide a useful man-
ual for clinicians and nutritionists, aimed at the correct pre-
scription of a multistep VLCKD protocol with meal replace-
ments, followed by a transition to a Mediterranean-based 
diet combined to a physical activity program, for patients 
with overweight and obesity.

VLCKD: indications and contraindications

The prescription of VLCKD should be tailored according to 
individuals’ characteristics of single patient, considering the 
reported indications or contraindications (Table 2).

Short- and medium-term studies support the use of 
VLCKD in individuals with obesity (body mass index, 
BMI ≥ 30.0 kg/m2) or in overweight (BMI 25.0–29.9 kg/
m2) with abdominal obesity (waist circumference > 102 cm 
in men and > 88 cm in women). In addition, VLCKD can be 
recommended when the excess body weight is associated 
with complications, i.e., T2DM, locomotor system disorders, 
non-alcoholic fatty liver disease (NAFLD), cardiovascular 
diseases [1, 14], PCOS [9, 10, 14], and hypogonadism [8].

Moreover, VLCKD is strongly recommended to achieve 
weight loss before bariatric surgery or in case of weight 

Table 2  Indications and contraindications for VLCKD prescription

T2DM type 2 diabetes mellitus; NAFLD non-alcoholic fatty liver disease; OSAS obstructive sleep apnoea syndrome; PCOS polycystic ovary syn-
drome; OSAS obstructive sleep apnoea syndrome; COPD chronic obstructive pulmonary diseases; OHS obesity hypoventilation syndrome
a Use of sodium/glucose cotransporter 2 (SGLT2) inhibitors or insulin therapy is forbidden
b During childhood VLCKD could be prescribed in particular condition (epilepsy, high insulin resistance)

Indications Contraindications

Obesity (BMI ≥ 30.0 kg/m2) Pregnancy and breastfeeding
Obesity with one or more comorbidities  (T2DMa, locomotors system 

disorder, NAFLD)
Childhoodb

Overweight (BMI = 25.0–29.9 kg/m2) with abdominal obesity (waist 
circumference > 102 cm in men and > 88 cm in women)

Rare metabolic disorders (porphyria, carnitine deficiency, carnitine 
palmitoyltransferase deficiency, carnitine-acylcarnitine translocase 
deficiency, mitochondrial fatty acid β-oxidation disorders, and 
pyruvate carboxylase deficiency)

Overweight/obesity, PCOS and hypogonadism Type 1 diabetes, type 2 diabetes with beta cell failure or concomitant 
treatment with SGLT2 inhibitors

Weight loss before bariatric surgery or in case of weight regain after 
bariatric surgery

Organ failure (liver, kidney, or heart NYHA III e IV)

Overweight/obesity and neurological/neurodegenerative disorders (Par-
kinson, Alzheimer, amyotrophic lateral sclerosis, epilepsy)

Recent myocardial infarction or cerebrovascular stroke

Overweight/obesity and pulmonary dysfunctions (OSAS, COPD, OHS, 
asthma)

Severe psychiatric disorders

Overweight/obesity and psoriasis Severe eating disorders
Alcohol and substance abuse
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regain after the intervention [40–42]. Increasing evidence 
also suggests that VLCKD could positively affect respira-
tory function thus improving obstructive sleep apnoea 
syndrome (OSAS), asthma, obesity hypoventilation syn-
drome (OHS) and chronic obstructive respiratory diseases 
(COPD) [43–45]. Finally, several studies have shown that 
nutritional ketosis could improve brain function in neuro-
logical and neurodegenerative disorders (epilepsy, Parkin-
son, Alzheimer and sleep disorders) [46, 47], and reduce 
inflammation in psoriasis and respiratory infections [3, 
48].

Conversely, some conditions represent absolute con-
traindications to the use of VLCKD [1, 14, 49]. In particu-
lar, pregnancy and breastfeeding,  as well as childhood are 
physiological conditions during which VLCKD should be 
avoided. Pathological conditions contraindicating VLCKD 
include chronic kidney disease, type 1 diabetes mellitus, 
T2DM with beta cell failure or concomitant treatment with 
sodium-glucose co-transporter 2 inhibitors (SGLT2i), rare 
metabolic disorders (porphyria, carnitine deficiency, carni-
tine palmitoyltransferase deficiency, carnitine-acylcarnitine 
translocase deficiency, mitochondrial fatty acid β-oxidation 
disorders, and pyruvate carboxylase deficiency), recent myo-
cardial infarction or cerebrovascular stroke, severe psychiat-
ric disorders. In addition, although VLCKD could improve 
several obesity-related diseases that affect liver, heart and 
lungs, there are still no sufficient data to recommend this 
treatment in patients with organ failure or with NYHA class 
III or higher. Moreover, eating disorders, alcohol and sub-
stance abuse also represent contraindications to the use of 
VLCKD [1, 14, 49].

Surprisingly, the recent European recommendations 
for the dietary management of diabetes” by the Diabetes 
and Nutrition Study Group (DNSG) of the EASD, recently 
published in Diabetologia, recommended against the use of 
ketogenic diets for weight loss in patients with diabetes [50]. 
This recommendation was based on potential safety con-
cerns, including increased low-density lipoprotein choles-
terol levels, hypoglycaemia, ketoacidosis, and vitamin and 
mineral inadequacies, but these observations were mainly 
based on case reports of unrecognised autoimmune diabetes, 
T2DM treated with a SGLT2i, alcohol use or breastfeed-
ing, all conditions that clearly contraindicate the use of a 
VLCKD [51].

For all these reasons, it is important to recall that the 
ketogenic nutritional therapy (KeNuT) requires a strict medi-
cal supervision, consisting in a detailed anamnesis, physical 
examination and interpretation of blood and urine param-
eters, as well as assessment and eventual modification of 
pharmacological therapy. The role of the nutritionist, on the 
other hand, is essential for the correct setting of VLCKD, 
assessment of allergies and/or intolerances, customizing 
protein requirements, and guidance of the patient during 

carbohydrate reintroduction and increase of calorie content, 
until and during the maintenance diet.

VLCKD with meal replacement

The biochemical mechanisms of VLCKD

The main goal of VLCKD is to inhibit lipogenesis and 
promote the burning of fat storage. Because of meta-
bolic flexibility, humans can rely on alternative sources 
of energy, depending on their availability [52]. There-
fore, the restriction of carbohydrate intake (30–50 g/day) 
prompts the body to metabolically shift to nutritional keto-
sis, which relies on the hepatic production of ketones that 
provide energy to almost all cells in the human body [16]. 
These metabolic modifications are triggered by hormonal 
changes. First, a lower carbohydrate intake reduces insulin 
secretion, thus inhibiting glycogen and lipid synthesis. On 
the other hand, glucagon concentration is increased with 
a reversal of insulin/glucagon ratio. Glucagon is a lipol-
ytic hormone targeting the catabolism of triglycerides in 
the adipose tissue. Thus, the breakdown of triglycerides 
provides free fatty acids and glycerol which is converted 
into glucose by hepatic gluconeogenesis. This process 
contributes to the homeostasis of blood glucose concen-
trations during the ketogenic diet. In addition, free fatty 
acids are transformed into ketone bodies (acetoacetate, 
β-hydroxybutyrate, and acetone) by β-oxidation in the 
liver. During VLCKD, nutritional ketosis is stable (blood 
ketone levels of 0.5–3 mg/dL) by virtue of mutual control 
between ketone bodies and insulin concentrations. Ketones 
can be used as energy source for the brain, renal cortex, 
heart, and skeletal muscles. In particular, the utilization 
of ketones as an alternative fuel source in skeletal muscles 
might preserve sparing lean muscle mass from gluconeo-
genesis, whereby glucose is obtained from amino acids 
[16]. Moreover, an adequate protein intake provided by 
meal replacement can contribute to maintaining constant 
insulin levels (insulinotropic effect) and promote the secre-
tion of growth hormone (GH), a protein-sparing anabolic 
hormone, thus enhancing fat loss while preserving lean 
body mass and muscle [53]. Importantly, this body reas-
sessment occurs through a reduction in adiposity, which 
mainly targets visceral fat, which is known to be more 
harmful than subcutaneous fat [22]. Indeed, treatment of 
patients with obesity with VLCKD modulates also food 
intake regulatory mechanisms by increasing serum lev-
els of orexin-A, a neuropeptide synthesized in the lateral 
hypothalamus that reduces the sense of hunger and inhibits 
adipogenesis in abdominal visceral rather than subcutane-
ous adipocytes [22]. In addition, the ketogenic diet is also 
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responsible for multiple beneficial effects beyond weight 
loss, preventing the development of several pathological 
conditions. Among these, neurodegenerative diseases, also 
provocatively named type 3 diabetes by some authors, 
are characterized by energy deficiency in neuronal cells, 
which could be improved by the shift to a ketone-based 
metabolism [54]. Ketones can replace glucose as the main 
fuel source for the brain, thus preventing the detrimental 
effects of impaired glucose metabolism in neuronal cells 
of patients affected by Alzheimer disease [54]. Moreo-
ver, chronic ketosis could be helpful for the treatment of 
epilepsy by increasing the expression of genes associated 
with mitochondrial biogenesis and function in neurons, 
thus enhancing energy production with anticonvulsant 
effects [55]. Another beneficial effect of VLCKD, when 
used in neurodegenerative diseases, consists in the effect 
of ketones in restoring the function of complex I in the 
mitochondrial chain, which is known to be impaired in 
motoneurons of patients with amyotrophic lateral sclerosis 
(ALS) [56]. In addition, the metabolism of ketones reduces 
the production of reactive oxygen species (ROS) which 
have a key role in the development of Parkinson disease 
by damaging dopaminergic neurons [57]. Alongside the 
metabolic benefits, the ketogenic diet exerts anti-inflam-
matory effects through immunomodulatory mechanisms. 
In the brain, it reduces microglial activation and neuroin-
flammation, thus ameliorating cognitive impairment [58]. 
Moreover, it promotes T cell responses in the lung [48] 
and reduction of systemic levels of inflammatory cytokines 
[59], thus protecting against respiratory infections [48] and 
psoriasis [60]. Despite other dietary interventions can also 
reduce systemic inflammation, a more relevant effect was 
observed in patients treated with VLCKD, thus suggesting 
an additional weight loss-independent anti-inflammatory 
effect, probably induced by ketone bodies production [59, 
61, 62]. Considering the role of inflammation and of the 
innate immune system in the development of lung diseases 
during obesity [63, 64], it is not surprising that ketogenic 
diet can improve OSAS [45], COPD [65], and asthma [44]. 
The rapid and significant loss of adiposity, which occurs 
mainly at the abdominal visceral compartments as previ-
ously described, reduces the mechanical obstruction of the 
lung that occurs in patients with android obesity. These 
favourable effects on mechanical abdominal encumbrance, 
combined with the increase in the physiological ventila-
tory response to hypercarbia induced by ketosis, make the 
VLCKD particularly suitable for patients with OHS [43]. 
Recovery of respiratory function could be particularly 
desirable for those patients with sleep disorders, particu-
larly for those who experience abrupt awakenings caused 
by OSAS. Moreover, VLCKD could also improve the 
regulation of sleep/wake behaviour by increasing serum 

levels of orexin-A, which has been shown to positively 
affect circadian rhythm [22].

Use of meal replacements for VLCKD

As reported by the European Guidelines for Obesity Man-
agement in Adults, the VLCKD includes high-biological-
value protein (deriving from milk, peas, whey and soy), 
artificial meals and natural foods [1]. VLCKD can employ 
meal replacements or conventional foods (meat, fish and 
eggs). Basciani et al. carried out a prospective pilot study 
comparing the efficacy and safety of 45 days of VLCKDs 
using meal replacement food based on whey or vegetable 
protein with conventional animal protein on metabolic 
parameters, body composition and the composition of gut 
microbiota in a population of patients with obesity and 
insulin resistance [66]. A significant reduction in body 
weight, both in the whey protein group and the vegetable 
protein group was recorded. A reduction in body weight 
was also observed in the animal protein group, although it 
did not reach statistical significance. Of note, an increase 
in blood urea nitrogen and uric acid and significant reduc-
tion of the estimated glomerular filtration rate compared 
to baseline value in the animal protein group was recorded 
[66]. Moreover, a significant reduction of Firmicutes and 
increase in Bacteroidetes with resultant improved Fir-
micutes/Bacteroidetes ratio was observed; in particular, 
whey protein and vegetable protein were more effective 
in reducing the percentage of Firmicutes than the animal 
protein diet. The authors concluded that VLCKDs based 
on whey or vegetable protein, contained in meals replace-
ment, determine a safer metabolic profile and healthier 
microbiota composition than the animal protein option 
[66]. Hence, VLCKD with meal replacements based on 
whey and vegetable protein would therefore seem more 
appropriate for patients with obesity or cardiometabolic 
diseases. Scientific evidence suggests that the use of meal 
replacements in the first active ketogenic step would be 
preferable to ensure a safe effective use of VLCKD [66]. 
Furthermore, meal replacements are functional meals that 
provide a balanced amount of macro- and micro-nutrients. 
A high level of ingredient purification and high-quality 
standards ensure maximum assimilation of the nutrients 
provided.

Most of the meal replacements proposed for the 
ketogenic phases contain 15–18 g of protein of high bio-
logical value, with a carbohydrate content of no more 
than 3.5 g and a fat content of no more than 4 g [14]. 
Therefore, meal replacement provides the correct intake of 
macro- and micronutrients and, thanks to the availability 
of single-dose packages, help to ensure a controlled and 
easy intake.
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Ketogenic nutritional therapy: a multistep 
dietary model

Ketogenic phases

The initial phase of VLCKD is characterized by a very 
low-calorie diet (650–800 kcal/day), low in carbohydrates 
(< 30 g daily from vegetables) and fat (only 20 g per day, 
derived from olive oil). The amount of high-biological-
value protein ranged between 0.8 and 1.2 g per each kg of 
ideal body weight to preserve lean mass and to provide the 
minimal daily body requirements [21] (Fig. 1). During the 
visits of phase 1 and 2 (ketogenic phases) the healthcare 
provider should carry out clinical and nutritional evalua-
tions, in particular: control of weight and body composition, 
measurement of blood pressure and evaluation of the main 
biochemical tests (renal, hepatic, electrolytes, and others at 
the physician's discretion). Assessment of capillary blood 
ketone levels could help monitoring of patient adherence 
and protocol efficacy.

Phase 1

In this phase, the patients eat high-biological-value protein 
meal replacements four or five times a day, according to the 
amount of protein needed. Of interest, it is important to use 
only low glycemic index/load and low-sugar vegetables to 

achieve the required amount of fibre, maintaining the low 
carbohydrate content. The dressings allowed in the active 
step are extra virgin olive oil (2 tablespoons in 24 h), fla-
vourings and spices to taste, and lemon [1, 21]. Most com-
mon unintentional errors during this stage are systematic 
use of: drugs containing sugars, most often in the form of 
syrup or effervescent sachets, sugar-free candies and gums, 
herbal teas and teas with fruit pieces, balsamic vinegar, bev-
erages from vending machines, even if sugar-free (tea and 
coffee), and sugar-free drinks. In this phase, supplementa-
tion with vitamins and mineral is mandatory since the diet 
is unbalanced and micronutrients are partly conveyed by 
food with a certain carbohydrate content. In particular, it is 
recommended to supplement patients with micronutrients 
(vitamins, such as complex B vitamins, vitamin C and E, 
minerals, including potassium, sodium, magnesium, cal-
cium; and omega-3 fatty acids) according to international 
recommendations [1, 21], and summarized in Table 3. It 
is recommended to drink at least 2–2.5 L of water per day.

Phase 2

This VLCKD phase is similar to the previous one with 
a slight increase in calorie intake [1, 21]. In particular, a 
fresh protein meal is reintroduced to maintain nutritional 
ketosis: in fact, the purpose of this phase is to re-educate 
the patient to eat fresh protein, gradually eliminating meal 
replacements. The quantity of fresh natural proteins should 

Fig. 1  Schematic representation of the KeNuT multisteps dietary protocol with meal replacements proposed by the Club of the Italian Society of 
Endocrinology (SIE)—Diet Therapies in Endocrinology and Metabolism
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be carefully established and personalized. Specifically, this 
phase is divided into two sub-phases: in the first, the patient 
replaces a single replacement meal (lunch or dinner) with 
fresh protein from meat, fish, and eggs, emphasizing that 
dairy products are still not allowed. In the second sub-phase, 
both lunch and dinner meals will be replaced with fresh pro-
tein. Also at this stage, it is important to remind the patient 
to use only low glycemic index and low sugar vegetables 
and to use only extra virgin olive oil (2 tablespoons per day), 
flavourings and spices, and lemon as dressings. It is still 
recommended to drink at least 2–2.5 L of water per day.

In this phase, only 2 or 3 meals replacement are main-
tained, for breakfast and snacks, always according to the pro-
tein content tailored to the individual patient. In these stages, 
the patient keeps maintaining a condition of nutritional keto-
sis, therefore supplementation with vitamins and minerals is 
always mandatory and the patient should be closely moni-
tored. VLCKD phases are kept until the patient loses most 
of weight loss target, approximately 80%. For this reason, 
monitoring body composition is crucial [1, 21]. Accord-
ingly, ketogenic phases may vary in duration, between 8 
and 12 weeks, depending on individual characteristics and 
weight loss target. However, it should be emphasized that 

the duration of the ketogenic phases can be extended if the 
clinical conditions allow it, based on the patient's weight loss 
and adherence. In these ketogenic phases it is essential to 
examine the patient every 20–30 days. During the visit, it is 
important to monitor potential side effects, such as cramps, 
constipation, feeling of hunger, hypotension, headaches, 
menstrual cycle disorders, hair loss (mainly due to dehydra-
tion or non-adherence to food supplements, vitamins and 
minerals).

Non‑ketogenic phases

After the ketogenic phases, the patient is switched to a 
low-calorie, non-ketogenic diet (Fig. 1). At this point, the 
patients will progressively and slowly reintroduce differ-
ent food groups [1, 21]. In particular, carbohydrates are 
gradually reintroduced, starting from food with the lowest 
glycaemic index (first fruit, then dairy products, legumes 
and finally carbohydrates with a higher glycemic index, 
such as cereals). Generally, the amount of carbohydrate per 
day in low-carbohydrate diets is approximately 60–130 g 
(≤ 20–45% of daily energy intake) [67].

Phase 3

This phase involves the reintroduction of fresh fruit as a 
snack. At breakfast (and possibly at the other snacks, always 
based on the personalized protein content on the individ-
ual patient) the patient should continue to consume a meal 
replacement. At lunch and dinner, as in phase 2, the patient 
consumes fresh proteins (meat, fish, eggs), the quantities 
thereof should be personalized for the individual patient. 
One portion of fruit per day, corresponding approximately to 
150 g, as suggested by the Reference Intake Levels for Nutri-
ents and Energy (Italian LARN, IV revision), is allowed. 
Cooked, syrupy, dried, dehydrated or juiced fruits are not 
recommended. In this phase, patients can eat all vegetables, 
cooked and raw. With the reintroduction of fruit, they can 
gradually interrupt the use of the vitamin and mineral sup-
plements. The calories in this phase will be increased to 
approximately 1000 kcal. It is recommended to drink at least 
2 L of water per day.

Phase 4

In this phase, low-fat dairy products are also reintroduced. 
The goal of this transitional step is to maintain the weight 
loss achieved in the previous phases and increase the average 
caloric intake, which will approximately reach 1200 kcal/day 
[1, 21]. The recommended dairy products are: skimmed or 
partially skimmed milk, low-fat cheese with less than 20% 
fat, and low-fat yogurt. In this phase, the intensification of 
physical activity to complete the re-education process for 

Table 3  Supplementation 
with micronutrients (vitamins, 
mineral salts and omega-3) 
recommended in active steps

RDA recommended daily allow-
ance; PRI recommended intake 
of the population; LARN refer-
ence intake levels of nutrients 
and energy for the Italian popu-
lation; EPA eicosapentaenoic 
acid; DHA docosahexaenoic 
acid
a RDA according to PRI of 
LARN adult between 18 and 
60 years old

RDAa

Magnesium 240 mg
Potassium 3.9 g
Calcium 1000 mg
Vitamin C 105 mg
Vitamin E 13 mg
Selenium 55 μg
Vitamin A 700 μg
Vitamin B5 30 μg
Vitamin B6 1.3 mg
Vitamin B1 1.2 mg
Vitamin B2 1.6 mg
Folic acid 400 μg
Vitamin B12 2.4 μg
Vitamin D 15 μg
Omega-3 250 mg of 

EPA-
DHA
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a healthy and active lifestyle, a prerequisite for maintain-
ing the ideal weight over time, is fundamental. Also in this 
phase, all the cooked or raw vegetables can be eaten. At 
present, there are no specific indications on the length of 
this reintroduction step. It is recommended to drink at least 
2 L of water per day. However, to physiologically restore a 
normal glucose metabolism without post-prandial hyperin-
sulinemia, a minimum duration of at least 21 days is recom-
mended, before moving on to the next phase.

Phase 5

The fifth phase involves the use of a low-calorie diet, around 
1400 kcal/day, with the introduction of legumes and whole 
grains. Recommended legumes include fresh legumes, such 
as beans, soy, broad beans, and peas or dried legumes such 
as chickpeas and lentils, and lupine. It is recommended to 
drink at least 2 L of water per day. Also in this phase, it is 
mandatory to intensify physical activity.

Maintenance diet and physical activity

Mediterranean diet

Once the slow reintroduction of all food classes has been 
completed, the last phase involves the return to a hypoca-
loric Mediterranean diet (HMD) (modified in the proportion 
of carbohydrates, which must be kept < 45% of total calo-
ries), where no meal replacements are maintained. Energy 
intake is tailored according to individual characteristics (age, 
weight, height, climate, physical activity, etc.). Usually, a 
maintenance regime contains average 1600–1700 kcal/day, 
introducing low glycaemic index cereals and pseudo-cereals. 
Energy intake is provided by 30% fat, 45% carbohydrate, 
and 25% protein. According to HMD, carbohydrate should 
be consumed as low-glycemic index food (i.e., whole grain-
based products, and legumes) while sugar intake should 
be limited to less than 10% of total energy intake (TEI), 
avoiding sweets and sugar-sweetened beverages. In addition, 
dietary fibre intake should be increased (25–30 g/day) by 
consuming fibre-rich food, such as whole grain, legumes, 
fruit, vegetables, and nuts [68]. Total fat intake should be 
represented by more unsaturated fatty acids (monounsatu-
rated and polyunsaturated fatty acids, 19% and 5% of TEI, 
respectively) than saturated fatty acids (9% of TEI) [68]. 
As for protein, plant protein (i.e., legumes and soy-derived 
products) should be increased while animal protein (fish, 
lean cuts of meat, eggs, and dairies) should be used as alter-
native options during the week [69]. More in detail, pro-
tein intake should be 1–1.2 g/kg of desirable weight (DW, 
i.e., weight corresponding to a BMI of 22.5 kg/m2). This 

nutritional profile can be obtained using a specific food fre-
quency during the week [69], with:

(a) daily consumption of plant-based foods (fruits, vegeta-
bles, wholegrain, legumes, and nuts), and monounsatu-
rated fat as the primary source of fat;

(b) moderate intake of animal protein and fat, mainly from 
fish and low-fat dairies, respectively;

(c) restricted consumption of sweets and processed food 
[70].

This nutritional profile allows patients to continue their 
nutritional re-education while maintaining the achieved 
weight loss. This last step with maintenance diet, through 
the acquisition of correct eating habits, is crucial for main-
taining long-term results.

Physical activity

Physical activity is the cornerstone of healthy living, combined 
with a healthy, balanced diet. In patients with overweight and 
obesity, an improved lifestyle is essential to achieve lasting 
weight loss. For this reason, the multistep protocol involves 
physical activity from the very first steps, with a gradual 
increase in intensity and type of exercise. In the ketogenic step, 
intense aerobic activity is highly counterproductive: the calorie 
deficit to which the patient is exposed would not guarantee 
sufficient energy and physical activity could lead to a deple-
tion of the lean mass. Differently, it was showed that muscle 
mass is preserved when performing interval training (IT) [71, 
72], and body composition is improved when IT is added to a 
VLCKD protocol [61]. Consequently, short cycles of muscle-
strengthening exercises lasting up to 25–30 min twice a week 
are recommended at this stage, favouring bilateral and multi-
joint exercises that include full dynamic movements. Exercises 
can be performed with overloads and/or free weights depending 
on the subject's training status, availability and personal prefer-
ence [73]. In step 1, each session of physical exercise should 
be structured as follows: an initial part of warm up, breathing 
and stretching of the posterior chain, a second part based on 
functional exercises repeated for 20 s with a 10-s pause, a part 
of proprioception and balance, and finally a part focused on 
breathing. An example of the training session can be found in 
Table 4. In step 2, each session of physical exercise should be 
structured similarly to previous step as follows: an initial part 
of warm up, breathing and stretching of the posterior chain, 
a second part based on functional exercises repeated for 30 s 
with a 15 s pause, a part of proprioception and balance, and 
finally a part focused on breathing. An example of the train-
ing session can be found in Table 4. In the reintroduction step, 
a gradual increase in carbohydrate and daily calorie intake is 
recommended; hence, it is possible to increase physical activity 
with aerobic exercise. It is therefore suggested to add during the 
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third step, to the simple basic rules of an active lifestyle and IT, 
a simple aerobic activity, such as a leisurely 30–40 min’ walk, 
at least twice a week (Table 4). The fourth and fifth steps are a 
gradual approach to the final daily routine and involve the inclu-
sion of physical activity every day, alternating between intense 
aerobic activity and muscle build-up exercises. Most authorita-
tive health guidelines state that 30–40 min of exercise a day are 
sufficient to keep our bodies active, prevent illness, maintain a 
balanced body composition and, most importantly, preserve a 
satisfactory and rewarding psycho-physical condition (Table 4).

Follow‑up

Regardless of the type of maintenance diet, patients should 
increase their nutritional awareness on a healthy diet and know 
how to manage their food choices to avoid weight regain. How-
ever, long-lasting changes of behaviour and lifestyle might be 
challenging. It is well known that obesity is a chronic, relaps-
ing disease, and weight regain is frequent [74]. The proposed 
multistep dietary protocol paves the way to deep changes, but 
only represents the first step of a long path. Indeed, the nutri-
tional and psychological support in the maintenance phase is 
a key element for a successful outcome. Patients should be 
supported to prevent relapse into wrong habits, lack of motiva-
tion, thus preventing weight regain and related disorders [74]. 
Therefore, a planned follow-up is strongly recommended. 
Regular visit should be scheduled every three months during 
the first year following the ketogenic step, and every 6 months 
thereafter. During the visit, nutritional and clinical assessment 
should be performed to evaluate nutritional and health status. 
Over dietary counselling, physical activity should be endorsed 
according to the current recommendations [74].

Nutritional and clinical management 
of patients undergoing VLCKD

Assessment of nutritional status

The assessment of nutritional status represents a pillar in the 
management of patients with obesity, in all stages of nutri-
tional interventions. It consists in the assessment of dietary 

intake and the evaluation of body composition, which both 
provide important information to develop tailored interven-
tions from the beginning of the protocol to long-term follow-
up. Weight gain is related to energy imbalance that might be 
explained by increased energy intake, reduced energy expend-
iture, and alteration of body composition [75]. The assess-
ment of dietary intake allows the estimation of usual dietary 
composition (energy, macronutrients, and other dietary com-
ponents) but can also provide information about dietary habits 
and wrong behaviours. Therefore, it could allow the identifica-
tion of key items that require changes to achieve long-lasting 
weight control, as well as to monitor patient’s adherence to the 
protocol. Different methods can be used for the purpose (24 h 
recall, dietary record, food frequency questionnaire, dietary 
history) but the choice depends on patients’ compliance [76].

On the other hand, the assessment of body composition 
can allow an objective evaluation of nutritional status. In 
addition, it can be used to monitor the effect of VLCKD or 
disease-related data (clinical features as well as prognostic 
information) [77]. Several methods can be used to evalu-
ate body composition with different outcomes on precision 
and accuracy. Anthropometry is the easiest method to detect 
information on nutritional status. Body weight and height 
can be used to calculate BMI and provide an estimation of 
cardiometabolic risk linked to overweight/obesity. Indeed, 
the higher the BMI > 25.0 kg/m2, the increased the risk of 
cardiometabolic morbidity and mortality [78]. In addition, 
the assessment of waist circumference can give information 
about abdominal adiposity, which represents a risk factor for 
cardiovascular disease and T2DM [77, 79]. Nevertheless, it 
is worth mentioning that anthropometric measurements need 
standardized protocols to increase the accuracy of collected 
data as well as the reliability of repeated measurements [77]. 
In brief, height should be measured by a stadiometer with an 
accuracy of 0.5 cm, while body weight by a calibrated beam 
scale with an accuracy of 0.1 kg. During the measurements, 
patients should wear only light clothing and no shoes.

Waist circumference should be assessed by non-elas-
tic tape on the naked abdomen looking on the side of the 
patient, about midway between the last rib and the iliac 
crest. Patients should stand with feet together, on a plane 
parallel to the ground, with their hands on hips. During the 

Table 4  Recommended physical 
activity during VLCKD 
protocol

IT interval training

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Phase 1 and 2
Walking Rest IT excercise Rest IT excercise Rest Rest
Phase 3
Walking Rest IT excercise Rest IT excercise Walking Rest
Phase 4 and Phase 5
Walking Walking IT excercise Walking IT excercise Walking Walking
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assessment, the patient should breathe normally, and the tape 
might not compress the skin and should be parallel to the floor.

Imaging techniques (dual-energy X-ray absorptiometry, 
computed tomography, magnetic resonance, and ultrasound 
scanning) are the most advanced methods to detect body com-
position. However, they are not even feasible in clinical prac-
tice since they are expensive, time-consuming, unavailable in 
some hospitals, or expose patients to radiation [80]. Although 
dual-energy X-ray absorptiometry should be the best choice, 
therefore, bioelectrical impedance (BIA) has been widely used 
in clinical practice and in research studies to assess body com-
position. The measurements should be performed under strictly 
standardized conditions (i.e., empty bladder). Although BIA 
does not directly measure body composition, it provides infor-
mation about fat mass, free fat mass, and body water (total, 
intracellular and extracellular water) [75]. Therefore, BIA could 
give indirect information about the preservation of the lean 
body mass, i.e., muscle, and decrease of the fat mass during the 
VLCKD and in the follow-up, as well as dehydration, helping 
in suggesting the correct hydration. In particular, monitoring 
muscle mass could allow the early identification (and correc-
tion) of inadequate protein intake.

Of note, phase angle, a BIA-derived index, is an impor-
tant tool used in various fields, including clinical nutrition, 
to assess and monitor nutritional status [81, 82]. It provides 
valuable insights into the body composition and cellular 
health of an individual. While it is not the sole indicator of 
nutritional status, it is considered a sensitive and informa-
tive measure in this context. It represents the relationship 
between resistance and reactance, which are components of 
electrical impedance. Phase angle is calculated as the inverse 
tangent of the ratio of reactance to resistance. In the context 
of nutritional status, the phase angle is influenced by several 
factors, including body cell mass, cell membrane integrity, 
fluid balance, and overall cellular health. A higher phase 
angle generally indicates better cell membrane function, 
increased cellular mass, and improved nutritional status. On 
the other hand, a lower phase angle may suggest cellular dys-
function, depletion of body cell mass, or certain health con-
ditions. By monitoring the phase angle over time, healthcare 
professionals can gain insights into changes in body com-
position and cellular health. It can help assess the efficacy 
of nutritional interventions, such as dietary modifications 
or supplementation, and guide the adjustment of treatment 
plans accordingly [81, 82]. Interestingly, it has been reported 
that phase angle is an important parameter to be monitored 
during VLCKD [83]. Indeed, the phase angle can be used 
to identify inflammation in different clinical settings [84]. 
Recently, in a cohort of 260 women (aged 18–69 years, BMI 
25.0–50.9 kg/m2) plasma C-reactive protein concentrations 
significantly decreased whereas phase angle increased after 
31 days of the active stage of VLCKD. Interestingly, a sig-
nificant inverse association between C-reactive protein and 

phase angle was observed, independently from confound-
ing factors (BMI, waist circumference, age, and physical 
activity). Therefore, monitoring phase angle could be a use-
ful tool to evaluate changes in the inflammatory status of 
VLCKD-treated patients [84].

Biochemical and clinical parameters evaluation

Over the assessment of nutritional status, the evaluation of bio-
chemical and clinical parameters should be performed at the 
beginning of the VLCKD and during the follow-up. Biochemi-
cal parameters should include metabolic parameters (glucose, 
insulin, glycated haemoglobin, and lipids), electrolytes, liver 
enzymes, renal function, and uric acid concentrations.

To assess and monitor insulin resistance, glucose and 
insulin concentrations can be used to calculate Homeosta-
sis Model Assessment (HOMA-IR) [85]; in addition, blood 
pressure should be measured with an appropriate pressure 
cuff. As for anamnestic data, family history and the presence 
of obesity-related complications should be assessed (T2DM, 
hypertension, cardiovascular diseases, respiratory diseases, 
joint diseases, non-alcoholic fatty liver disease, sleep dis-
orders, etc.) as well as other chronic diseases. In addition, 
patients should be asked for the presence of endocrine 
abnormalities (e.g., Cushing syndrome, thyroid diseases, 
etc.), eating disorders (overeating, night eating syndrome, 
binge eating, bulimia nervosa, etc.), depression, and other 
mood disorders.

The collection of data related to lifestyle (physical exer-
cise, chronic stress, smoking cessation, etc.) could help to 
identify major flaws that need to be addressed to improve 
the efficacy of nutritional interventions in the long term. 
Finally, psychosocial factors, expectations, and motivation 
for change should be investigated.

Safety of the ketogenic diet

Despite growing evidence on VLCKD efficacy, many con-
cerns about the possible side effects still exist. A recent meta-
analysis of 12 clinical trials (n = 801 middle-aged individu-
als; BMI 40.7 ± 8.9 kg/m2) reported the beneficial effects of 
VLCKD on hypertension, dyslipidemia, and T2DM [19]. 
However, a significant increase in serum sodium concentra-
tions was reported, likely due to the relevant fluid loss that 
occurs during the VLCKD [19]. Other frequently reported 
symptoms include headache, asthenia, muscle pain and 
weakness, halitosis, and gastrointestinal symptoms (nausea, 
vomiting, constipation, diarrhoea) [19, 33, 86, 87]. In addi-
tion, some patients reported hypotension, hypoglycaemia, 
hyperuricemia, visual disturbances, urolithiasis, gallbladder 
disease, and hair loss [19, 33, 86, 87]. Nevertheless, most of 
the studies reported that VLCKD is well tolerated by patients 
with obesity, with or without T2DM [33, 87], as well as in 
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children and adolescents [86]. Although safety long-term 
studies are still scarce, it has been reported that 1-year treat-
ment with VLCKD in 15 patients with obesity and T2DM was 
safe and increased quality of life more as compared to a stand-
ard low-calorie diet [88]. However, patients might experience 
mild symptoms with a short duration (4–22 days) that did 
not require the interruption of the dietary protocol or medi-
cal intervention [33, 86, 87]. Dehydration-related disorders 
(i.e., dry mouth, headache, asthenia, hypotension, lethargy, 
and visual disturbances) can be easily avoided or treated by 
an adequate water intake (more than 2 L/day) and oral supple-
mentation with vitamins (complex B vitamins, vitamins C and 
E) and minerals (potassium, sodium, magnesium, calcium). 
BIA could help in monitoring the hydration of patients. In 
addition, patients could use specific supplements (i.e., omega 
3-fatty acids, probiotics) or drugs (osmotic laxative for severe 
constipation, allopurinol for hyperuricemia, ursodeoxycholic 
acid in the presence of gallstones [89]), if needed [33]. There-
fore, KeNuT represents an effective and safe intervention to be 
proposed for properly selected patients to treat obesity and its 
related complications. However, it is worth mentioning that 
KeNuT should be prescribed under strict medical supervision 
with careful clinical and laboratory monitoring.

Conclusions

In this practical guide of the working group of the Club of the 
Italian Society of Endocrinology (SIE)—Diet Therapies in 
Endocrinology and Metabolism, we report a useful guideline 
of the multistep KeNuT for the management of obesity and its 
related metabolic disorders (Fig. 1). KeNuT should be recom-
mended as an effective dietary treatment for individuals with 
obesity, particularly for patients with severe obesity and/or 
comorbidities (such as inflammatory, metabolic and cardiovas-
cular diseases) who need rapid and substantial weight loss. Thus, 
KeNuT should be prescribed only after a proper clinical assess-
ment by the endocrinologist. In conclusion, this practical guide 
will help the healthcare provider to acquire the necessary skills 
to provide a comprehensive care of patients with overweight, 
obesity and obesity-related diseases, to maintain weight loss in 
the long term, reduce the risk for complication, improve the 
outcome of cardiovascular and metabolic rehabilitation, and 
finally ameliorate overall quality of life. The KeNuT multistep 
dietary model should be integrated into a more comprehensive 
treatment plan, which may also include pharmacological inter-
ventions and bariatric surgery, depending on the severity of the 
disease and on patient’s compliance and acceptance.

Acknowledgements The authors wish to thank all the members of the 
“Diet Therapies in Endocrinology and Metabolism” Club of the Italian 
Society of Endocrinology, for the scientific support during the writing 
of the manuscript. The SIE Club “Diet Therapies in Endocrinology 
and Metabolism”: Massimiliano Caprio (coordinator), Luigi Barrea 

(coordinator), Giovanna Muscogiuri (coordinator), Gualtiero Antonia, 
Andrea Armani, Anna Lisa Bilotta, Mara Boschetti, Rossella Can-
narella, Salvatore Cannavò, Grazia Maria Centaro, Raffaele Ivan Cin-
cione, Guenda Di Benedetto, Giovanni Di Cairano, Alessandra Feraco, 
Carla Greco, Nevena Ilic, Keyvan Khorrami Chokami, Paolo Magni, 
Daniele Marinsalda, Roberto Mioni, Stefania Panebianco, Mirko Par-
asaliti Caprino, Lia Pecorelli, Andrea Scuto, Claudia Vetrani, Salvatore 
Volpe, and all authors of the manuscript.

Author contributions LB, MC and GM designed the project and wrote 
the article, EC, LV, SP, AC, FP, AG, AC, GA, GM, FG and AI per-
formed the literature search and data analysis, all the authors drafted 
and/or critically revised the work.

Funding The authors did not receive support from any organization 
for the submitted work.

Declarations 

Conflict of interest LB and EC gave talks and received compensation 
for consultancy from New Penta; MC gave talks and received compen-
sation for consultancy from Therascience and New Penta, and received 
research grants from SDM; FP received research grant from Theras-
cience; AG received a research grant from SDM; AC gave a talk and 
received compensation from New Penta; all other authors declare no 
conflict of interest relevant to the content of this article.

Research involving human participants and/or animals Not applicable.

Informed consent For this type of article, consent is not required.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Muscogiuri G, El Ghoch M, Colao A, Hassapidou M, Yumuk V, 
Busetto L et al (2021) European guidelines for obesity manage-
ment in adults with a very low-calorie ketogenic diet: a systematic 
review and meta-analysis. Obes Facts 14(2):222–245

 2. Barrea L, Caprio M, Camajani E, Verde L, Elce A, Frias-Toral 
E et al (2022) Clinical and nutritional management of very-low-
calorie ketogenic diet (VLCKD) in patients with psoriasis and 
obesity: a practical guide for the nutritionist. Crit Rev Food Sci 
Nutr 63(31):10775–10791

 3. Barrea L, Megna M, Cacciapuoti S, Frias-Toral E, Fabbrocini 
G, Savastano S et  al (2022) Very low-calorie ketogenic diet 
(VLCKD) in patients with psoriasis and obesity: an update 
for dermatologists and nutritionists. Crit Rev Food Sci Nutr 
62(2):398–414

 4. Barrea L, Caprio M, Tuccinardi D, Moriconi E, Di Renzo L, 
Muscogiuri G et al (2022) Could ketogenic diet “starve” cancer? 
Emerging evidence. Crit Rev Food Sci Nutr 62(7):1800–1821

http://creativecommons.org/licenses/by/4.0/


 Journal of Endocrinological Investigation

 5. Muscogiuri G, Barrea L, Campolo F, Sbardella E, Sciammarella 
C, Tarsitano MG et al (2022) Ketogenic diet: a tool for the man-
agement of neuroendocrine neoplasms? Crit Rev Food Sci Nutr 
62(4):1035–1045

 6. Barrea L, Pugliese G, Frias-Toral E, Napolitano B, Laudi-
sio D, Aprano S et al (2022) Is there a relationship between 
the ketogenic diet and sleep disorders? Int J Food Sci Nutr 
73(3):285–295

 7. Barrea L, Verde L, Di Lorenzo C, Savastano S, Colao A, Musco-
giuri G (2023) Can the ketogenic diet improve our dreams? Effect 
of very low-calorie ketogenic diet (VLCKD) on sleep quality. J 
Transl Med 21(1):479

 8. Cignarelli A, Santi D, Genchi VA, Conte E, Giordano F, Di Leo 
S et al (2023) Very low-calorie ketogenic diet rapidly augments 
testosterone levels in non-diabetic obese subjects. Andrology 
11(2):234–244

 9. Barrea L, Camajani E, Cernea S, Frias-Toral E, Lamabadusuriya 
D, Ceriani F et al (2023) Ketogenic diet as medical prescription in 
women with polycystic ovary syndrome (PCOS). Curr Nutr Rep 
12(1):56–64

 10. Paoli A, Mancin L, Giacona MC, Bianco A, Caprio M (2020) 
Effects of a ketogenic diet in overweight women with polycystic 
ovary syndrome. J Transl Med 18(1):104

 11. Camajani E, Feraco A, Verde L, Moriconi E, Marchetti M, Colao 
A et al (2023) Ketogenic diet as a possible non-pharmacologi-
cal therapy in main endocrine diseases of the female reproduc-
tive system: a practical guide for nutritionists. Curr Obes Rep 
12(3):231–249

 12. Pandurevic S, Mancini I, Mitselman D, Magagnoli M, Teglia R, 
Fazzeri R et al (2023) Efficacy of very low-calorie ketogenic diet 
with the Pronokal(R) method in obese women with polycystic 
ovary syndrome: a 16-week randomized controlled trial. Endocr 
Connect. https:// doi. org/ 10. 1530/ EC- 22- 0536

 13. Cincione IR, Graziadio C, Marino F, Vetrani C, Losavio F, Savas-
tano S et al (2023) Short-time effects of ketogenic diet or mod-
estly hypocaloric Mediterranean diet on overweight and obese 
women with polycystic ovary syndrome. J Endocrinol Invest 
46(4):769–777

 14. Caprio M, Infante M, Moriconi E, Armani A, Fabbri A, Manto-
vani G et al (2019) Very-low-calorie ketogenic diet (VLCKD) 
in the management of metabolic diseases: systematic review and 
consensus statement from the Italian Society of Endocrinology 
(SIE). J Endocrinol Invest 42(11):1365–1386

 15. Trimboli P, Castellana M, Bellido D, Casanueva FF (2020) Confu-
sion in the nomenclature of ketogenic diets blurs evidence. Rev 
Endocr Metab Disord 21(1):1–3

 16. Gershuni VM, Yan SL, Medici V (2018) Nutritional ketosis for 
weight management and reversal of metabolic syndrome. Curr 
Nutr Rep 7(3):97–106

 17. Smith KA, Hendricks BK, DiDomenico JD, Conway BN, Smith 
TL, Azadi A et al (2022) Ketogenic metabolic therapy for glioma. 
Cureus 14(6):e26457

 18. Bueno NB, de Melo IS, de Oliveira SL, da Rocha AT (2013) 
Very-low-carbohydrate ketogenic diet v. low-fat diet for long-term 
weight loss: a meta-analysis of randomised controlled trials. Br J 
Nutr 110(7):1178–1187

 19. Castellana M, Conte E, Cignarelli A, Perrini S, Giustina A, Gio-
vanella L et al (2020) Efficacy and safety of very low calorie 
ketogenic diet (VLCKD) in patients with overweight and obesity: 
a systematic review and meta-analysis. Rev Endocr Metab Disord 
21(1):5–16

 20. Erickson N, Boscheri A, Linke B, Huebner J (2017) Systematic 
review: isocaloric ketogenic dietary regimes for cancer patients. 
Med Oncol 34(5):72

 21. Muscogiuri G, Barrea L, Laudisio D, Pugliese G, Salzano C, 
Savastano S et al (2019) The management of very low-calorie 

ketogenic diet in obesity outpatient clinic: a practical guide. J 
Transl Med 17(1):356

 22. Valenzano A, Polito R, Trimigno V, Di Palma A, Moscatelli F, 
Corso G et al (2019) Effects of very low calorie ketogenic diet on 
the orexinergic system, visceral adipose tissue, and ROS produc-
tion. Antioxidants (Basel) 8(12):643

 23. Barrea L, de Alteriis G, Muscogiuri G, Vetrani C, Verde L, Cama-
jani E et al (2022) Impact of a very low-calorie ketogenic diet 
(VLCKD) on changes in handgrip strength in women with obesity. 
Nutrients 14(19):4213

 24. Verde L, Barrea L, Docimo A, Savastano S, Colao A, Muscogi-
uri G (2023) Chronotype as a predictor of weight loss and body 
composition improvements in women with overweight or obesity 
undergoing a very low-calorie ketogenic diet (VLCKD). Clin Nutr 
42(7):1106–1114

 25. Barrea L, Verde L, Camajani E, Sojat AS, Marina L, Savastano S 
et al (2023) Effects of very low-calorie ketogenic diet on hypotha-
lamic–pituitary–adrenal axis and renin–angiotensin–aldosterone 
system. J Endocrinol Invest 46(8):1509–1520

 26. Tremblay A, Chaput JP (2009) Adaptive reduction in ther-
mogenesis and resistance to lose fat in obese men. Br J Nutr 
102(4):488–492

 27. Gomez-Arbelaez D, Crujeiras AB, Castro AI, Martinez-Olmos 
MA, Canton A, Ordonez-Mayan L et al (2018) Resting metabolic 
rate of obese patients under very low calorie ketogenic diet. Nutr 
Metab (Lond) 15:18

 28. da Silva IV, Gullette S, Florindo C, Huang NK, Neuberger T, Ross 
AC et al (2022) The effect of nutritional ketosis on aquaporin 
expression in apolipoprotein E-deficient mice: potential implica-
tions for energy homeostasis. Biomedicines 10(5):1159

 29. Kirchgessner M, Muller HL (1984) Thermogenesis from the 
breakdown of a ketogenic diet in an experimental model using 
swine. Int J Vitam Nutr Res 54(1):99–106

 30. Nakao R, Shimba S, Oishi K (2017) Ketogenic diet induces 
expression of the muscle circadian gene Slc25a25 via neural path-
way that might be involved in muscle thermogenesis. Sci Rep 
7(1):2885

 31. Verde L, Dalamaga M, Capo X, Annunziata G, Hassapidou M, 
Docimo A et al (2022) The antioxidant potential of the Mediter-
ranean diet as a predictor of weight loss after a very low-calorie 
ketogenic diet (VLCKD) in women with overweight and obesity. 
Antioxidants (Basel) 12(1):18

 32. Castro AI, Gomez-Arbelaez D, Crujeiras AB, Granero R, Aguera 
Z, Jimenez-Murcia S et al (2018) Effect of a very low-calorie 
ketogenic diet on food and alcohol cravings, physical and sexual 
activity, sleep disturbances, and quality of life in obese patients. 
Nutrients 10(10):1348

 33. Barrea L, Verde L, Vetrani C, Marino F, Aprano S, Savastano S 
et al (2022) VLCKD: a real time safety study in obesity. J Transl 
Med 20(1):23

 34. Kim JY (2021) Optimal diet strategies for weight loss and weight 
loss maintenance. J Obes Metab Syndr 30(1):20–31

 35. Brown RE, Canning KL, Fung M, Jiandani D, Riddell MC, 
Macpherson AK et al (2016) Calorie estimation in adults differ-
ing in body weight class and weight loss status. Med Sci Sports 
Exerc 48(3):521–526

 36. Wingo BC, Desmond RA, Brantley P, Appel L, Svetkey L, Ste-
vens VJ et al (2013) Self-efficacy as a predictor of weight change 
and behavior change in the PREMIER trial. J Nutr Educ Behav 
45(4):314–321

 37. Raynor HA, Epstein LH (2001) Dietary variety, energy regulation, 
and obesity. Psychol Bull 127(3):325–341

 38. Astbury NM, Piernas C, Hartmann-Boyce J, Lapworth S, Ave-
yard P, Jebb SA (2019) A systematic review and meta-analysis of 
the effectiveness of meal replacements for weight loss. Obes Rev 
20(4):569–587

https://doi.org/10.1530/EC-22-0536


Journal of Endocrinological Investigation 

 39. Vinciguerra F, Longhitano S, Carrubba N, Piazza L, Di Stefano 
C, Arpi ML et al (2023) Efficacy, feasibility and tolerability of 
ketogenic diet for the treatment of poor response to bariatric sur-
gery. J Endocrinol Invest 46(9):1807–1814

 40. Correa LL, Moretti A, de Sousa PAM, Dinis L, de Souza MF, 
Tostes I et al (2021) Effectiveness and safety of a very low-calorie 
ketogenic diet on weight regain following bariatric surgery. Obes 
Surg 31(12):5383–5390

 41. Erdem NZ, Ozelgun D, Taskin HE, Avsar FM (2022) Comparison 
of a pre-bariatric surgery very low-calorie ketogenic diet and the 
Mediterranean diet effects on weight loss, metabolic parameters, 
and liver size reduction. Sci Rep 12(1):20686

 42. Barrea L, Verde L, Schiavo L, Sarno G, Camajani E, Iannelli A 
et al (2023) Very low-calorie ketogenic diet (VLCKD) as pre-
operative first-line dietary therapy in patients with obesity who 
are candidates for bariatric surgery. Nutrients 15(8):1907

 43. Fried PI, McClean PA, Phillipson EA, Zamel N, Murray FT, Marl-
iss EB (1976) Effect of ketosis on respiratory sensitivity to carbon 
dioxide in obesity. N Engl J Med 294(20):1081–1086

 44. Kong LD, Wu QP (2022) Effect of ketogenic diet on obesity 
asthma. Zhonghua Jie He He Hu Xi Za Zhi 45(2):222–226

 45. Schiavo L, Pierro R, Asteria C, Calabrese P, Di Biasio A, Coluzzi 
I et al (2022) Low-calorie ketogenic diet with continuous positive 
airway pressure to alleviate severe obstructive sleep apnea syn-
drome in patients with obesity scheduled for bariatric/metabolic 
surgery: a pilot, prospective, randomized multicenter comparative 
study. Obes Surg 32(3):634–642

 46. D’Andrea Meira I, Romao TT, Pires do Prado HJ, Kruger LT, Pires 
MEP, da Conceicao PO (2019) Ketogenic diet and epilepsy: what 
we know so far. Front Neurosci 13:5

 47. Dynka D, Kowalcze K, Paziewska A (2022) The role of 
ketogenic diet in the treatment of neurological diseases. Nutrients 
14(23):5003

 48. Goldberg EL, Molony RD, Kudo E, Sidorov S, Kong Y, Dixit VD 
et al (2019) Ketogenic diet activates protective gamma delta T cell 
responses against influenza virus infection. Sci Immunol. https:// 
doi. org/ 10. 1126/ sciim munol. aav20 26

 49. Watanabe M, Tuccinardi D, Ernesti I, Basciani S, Mariani S, 
Genco A et al (2020) Scientific evidence underlying contraindi-
cations to the ketogenic diet: an update. Obes Rev 21(10):e13053

 50. Diabetes, Nutrition Study Group of the European Association 
for the Study of D (2023) Evidence-based European recommen-
dations for the dietary management of diabetes. Diabetologia 
66(6):965–985

 51. Conte C, Camajani E, Lai A, Caprio M (2023) Not all very-
low-carbohydrate diets are created equal. Diabetologia 
66(9):1752–1753

 52. Smith RL, Soeters MR, Wust RCI, Houtkooper RH (2018) Meta-
bolic flexibility as an adaptation to energy resources and require-
ments in health and disease. Endocr Rev 39(4):489–517

 53. Manninen AH (2006) Very-low-carbohydrate diets and preserva-
tion of muscle mass. Nutr Metab (Lond) 3:9

 54. Phillips MCL, Deprez LM, Mortimer GMN, Murtagh DKJ, 
McCoy S, Mylchreest R et al (2021) Randomized crossover trial 
of a modified ketogenic diet in Alzheimer’s disease. Alzheimers 
Res Ther 13(1):51

 55. Bough KJ, Wetherington J, Hassel B, Pare JF, Gawryluk JW, 
Greene JG et al (2006) Mitochondrial biogenesis in the anti-
convulsant mechanism of the ketogenic diet. Ann Neurol 
60(2):223–235

 56. Paoli A, Bianco A, Damiani E, Bosco G (2014) Ketogenic diet in 
neuromuscular and neurodegenerative diseases. Biomed Res Int 
2014:474296

 57. Veech RL (2004) The therapeutic implications of ketone bod-
ies: the effects of ketone bodies in pathological conditions: 
ketosis, ketogenic diet, redox states, insulin resistance, and 

mitochondrial metabolism. Prostaglandins Leukot Essent Fatty 
Acids 70(3):309–319

 58. Xu Y, Jiang C, Wu J, Liu P, Deng X, Zhang Y et al (2022) 
Ketogenic diet ameliorates cognitive impairment and neuro-
inflammation in a mouse model of Alzheimer’s disease. CNS 
Neurosci Ther 28(4):580–592

 59. Lorenzo PM, Sajoux I, Izquierdo AG, Gomez-Arbelaez D, Zulet 
MA, Abete I et al (2022) Immunomodulatory effect of a very-
low-calorie ketogenic diet compared with bariatric surgery and 
a low-calorie diet in patients with excessive body weight. Clin 
Nutr 41(7):1566–1577

 60. Castaldo G, Pagano I, Grimaldi M, Marino C, Molettieri P, 
Santoro A et al (2021) Effect of very-low-calorie ketogenic 
diet on psoriasis patients: a nuclear magnetic resonance-based 
metabolomic study. J Proteome Res 20(3):1509–1521

 61. Barrea L, Cacciapuoti S, Megna M, Verde L, Marasca C, Vono 
R et al (2023) The effect of the ketogenic diet on acne: could it 
be a therapeutic tool? Crit Rev Food Sci Nutr. https:// doi. org/ 
10. 1080/ 10408 398. 2023. 21768 13

 62. Barrea L, Caprio M, Watanabe M, Cammarata G, Feraco A, 
Muscogiuri G et al (2022) Could very low-calorie ketogenic 
diets turn off low grade inflammation in obesity? Emerging evi-
dence. Crit Rev Food Sci Nutr 63(26):8320–8336

 63. Palma G, Sorice GP, Genchi VA, Giordano F, Caccioppoli C, 
D’Oria R et al (2022) Adipose tissue inflammation and pulmo-
nary dysfunction in obesity. Int J Mol Sci 23(13):7349

 64. Perrini S, Cignarelli A, Quaranta VN, Falcone VA, Kounaki S, 
Porro S et al (2017) Correction of intermittent hypoxia reduces 
inflammation in obese subjects with obstructive sleep apnea. 
JCI Insight. https:// doi. org/ 10. 1172/ jci. insig ht. 94379

 65. Norwitz NG, Winwood R, Stubbs BJ, D’Agostino DP, Barnes PJ 
(2021) Case report: ketogenic diet is associated with improve-
ments in chronic obstructive pulmonary disease. Front Med 
(Lausanne) 8:699427

 66. Basciani S, Camajani E, Contini S, Persichetti A, Risi R, Ber-
toldi L et al (2020) Very-low-calorie ketogenic diets with whey, 
vegetable, or animal protein in patients with obesity: a rand-
omized pilot study. J Clin Endocrinol Metab 105(9):2939–2949

 67. Chao AM, Quigley KM, Wadden TA (2021) Dietary inter-
ventions for obesity: clinical and mechanistic findings. J Clin 
Invest. https:// doi. org/ 10. 1172/ JCI14 0065

 68. Barrea L, Pugliese G, Laudisio D, Colao A, Savastano S, 
Muscogiuri G (2021) Mediterranean diet as medical prescrip-
tion in menopausal women with obesity: a practical guide for 
nutritionists. Crit Rev Food Sci Nutr 61(7):1201–1211

 69. Barrea L, Muscogiuri G, Frias-Toral E, Laudisio D, Pugliese G, 
Castellucci B et al (2021) Nutrition and immune system: from 
the Mediterranean diet to dietary supplementary through the 
microbiota. Crit Rev Food Sci Nutr 61(18):3066–3090

 70. Bach-Faig A, Berry EM, Lairon D, Reguant J, Trichopoulou A, 
Dernini S et al (2011) Mediterranean diet pyramid today. Sci-
ence and cultural updates. Public Health Nutr 14(12):2274–2284

 71. Camajani E, Feraco A, Proietti S, Basciani S, Barrea L, Armani 
A et al (2022) Very low calorie ketogenic diet combined with 
physical interval training for preserving muscle mass during 
weight loss in sarcopenic obesity: a pilot study. Front Nutr 
9:955024

 72. Paoli A, Cenci L, Pompei P, Sahin N, Bianco A, Neri M et al 
(2021) Effects of two months of very low carbohydrate ketogenic 
diet on body composition, muscle strength, muscle area, and 
blood parameters in competitive natural body builders. Nutrients 
13(2):374

 73. Iversen VM, Norum M, Schoenfeld BJ, Fimland MS (2021) 
No time to lift? designing time-efficient training programs 
for strength and hypertrophy: a narrative review. Sports Med 
51(10):2079–2095

https://doi.org/10.1126/sciimmunol.aav2026
https://doi.org/10.1126/sciimmunol.aav2026
https://doi.org/10.1080/10408398.2023.2176813
https://doi.org/10.1080/10408398.2023.2176813
https://doi.org/10.1172/jci.insight.94379
https://doi.org/10.1172/JCI140065


 Journal of Endocrinological Investigation

 74. Oppert JM, Bellicha A, van Baak MA, Battista F, Beaulieu K, 
Blundell JE et al (2021) Exercise training in the management of 
overweight and obesity in adults: synthesis of the evidence and 
recommendations from the European Association for the Study 
of Obesity Physical Activity Working Group. Obes Rev 22(Suppl 
4):e13273

 75. Smith S, Madden AM (2016) Body composition and functional 
assessment of nutritional status in adults: a narrative review of 
imaging, impedance, strength and functional techniques. J Hum 
Nutr Diet 29(6):714–732

 76. Conrad J, Nothlings U (2017) Innovative approaches to estimate 
individual usual dietary intake in large-scale epidemiological 
studies. Proc Nutr Soc 76(3):213–219

 77. Madden AM, Smith S (2016) Body composition and morphologi-
cal assessment of nutritional status in adults: a review of anthro-
pometric variables. J Hum Nutr Diet 29(1):7–25

 78. Khan SS, Ning H, Wilkins JT, Allen N, Carnethon M, Berry JD 
et al (2018) Association of body mass index with lifetime risk 
of cardiovascular disease and compression of morbidity. JAMA 
Cardiol 3(4):280–287

 79. Ross R, Neeland IJ, Yamashita S, Shai I, Seidell J, Magni P et al 
(2020) Waist circumference as a vital sign in clinical practice: a 
consensus statement from the IAS and ICCR working group on 
visceral obesity. Nat Rev Endocrinol 16(3):177–189

 80. Riccardi G, Aggett P, Brighenti F, Delzenne N, Frayn K, Nieu-
wenhuizen A et al (2004) PASSCLAIM—body weight regula-
tion, insulin sensitivity and diabetes risk. Eur J Nutr 43(Suppl 
2):II7–II46

 81. Bellido D, Garcia-Garcia C, Talluri A, Lukaski HC, Gar-
cia-Almeida JM (2023) Future lines of research on phase 
angle: strengths and limitations. Rev Endocr Metab Disord 
24(3):563–583

 82. Norman K, Stobaus N, Pirlich M, Bosy-Westphal A (2012) Bio-
electrical phase angle and impedance vector analysis–clinical 

relevance and applicability of impedance parameters. Clin Nutr 
31(6):854–861

 83. da Silva BR, Orsso CE, Gonzalez MC, Sicchieri JMF, Mialich 
MS, Jordao AA et al (2023) Phase angle and cellular health: 
inflammation and oxidative damage. Rev Endocr Metab Disord 
24(3):543–562

 84. Barrea L, Muscogiuri G, Aprano S, Vetrani C, de Alteriis G, Var-
camonti L et al (2022) Phase angle as an easy diagnostic tool for 
the nutritionist in the evaluation of inflammatory changes during 
the active stage of a very low-calorie ketogenic diet. Int J Obes 
(Lond) 46(9):1591–1597

 85. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher 
DF, Turner RC (1985) Homeostasis model assessment: insulin 
resistance and beta-cell function from fasting plasma glucose and 
insulin concentrations in man. Diabetologia 28(7):412–419

 86. Goday A, Bellido D, Sajoux I, Crujeiras AB, Burguera B, Garcia-
Luna PP et al (2016) Short-term safety, tolerability and efficacy 
of a very low-calorie-ketogenic diet interventional weight loss 
program versus hypocaloric diet in patients with type 2 diabetes 
mellitus. Nutr Diabetes 6(9):e230

 87. Wells J, Swaminathan A, Paseka J, Hanson C (2020) Efficacy and 
safety of a ketogenic diet in children and adolescents with refrac-
tory epilepsy-a review. Nutrients 12(6):1809

 88. Moriconi E, Camajani E, Fabbri A, Lenzi A, Caprio M (2021) 
Very-low-calorie ketogenic diet as a safe and valuable tool for 
long-term glycemic management in patients with obesity and type 
2 diabetes. Nutrients 13(3):758

 89. Festi D, Colecchia A, Larocca A, Villanova N, Mazzella G, 
Petroni ML et al (2000) Review: low caloric intake and gall-blad-
der motor function. Aliment Pharmacol Ther 14(Suppl 2):51–53

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

L. Barrea1 · M. Caprio2,3  · E. Camajani2,3 · L. Verde4 · S. Perrini5 · A. Cignarelli5 · F. Prodam6,7 · A. Gambineri8,9 · 
A. M. Isidori10 · A. Colao11,12,13 · F. Giorgino5 · G. Aimaretti6 · G. Muscogiuri11,12,13

 * M. Caprio 
 massimiliano.caprio@sanraffaele.it

 * G. Muscogiuri 
 giovanna.muscogiuri@unina.it

1 Dipartimento di Scienze Umanistiche, Università 
Telematica Pegaso, Centro Direzionale, Via Porzio Isola F2, 
80143 Naples, Italy

2 Laboratory of Cardiovascular Endocrinology, IRCCS San 
Raffaele, Rome, Italy

3 Department of Human Sciences and Promotion 
of the Quality of Life, San Raffaele Roma Open University, 
00166 Rome, Italy

4 Department of Public Health, University “Federico II” 
of Naples, 80138 Naples, Italy

5 Department of Precision and Regenerative Medicine 
and Ionian Area, Section of Internal Medicine, 
Endocrinology, Andrology and Metabolic Diseases, 
University of Bari Aldo Moro, Bari, Italy

6 Endocrinology, Department of Translational Medicine, 
Università del Piemonte Orientale, 28100 Novara, Italy

7 Department of Health Sciences, University of Piemonte 
Orientale, 28100 Novara, Italy

8 Division of Endocrinology and Diabetes Prevention 
and Care, IRCCS Azienda Ospedaliero-Universitaria di 
Bologna, Bologna, Italy

9 Department of Medical and Surgical Sciences (DIMEC), 
Alma Mater Studiorum University of Bologna, Bologna, 
Italy

10 Department of Experimental Medicine, Sapienza University 
of Rome, Viale Regina Elena 324, 00161 Rome, Italy

11 Dipartimento di Medicina Clinica e Chirurgia, 
Endocrinologia, Unità di Diabetologia e Andrologia, 
Università degli Studi di Napoli Federico II, Via Sergio 
Pansini 5, 80131 Naples, Italy

12 Centro Italiano per la Cura e il Benessere del Paziente con 
Obesità (C.I.B.O), Unità di Endocrinologia, Diabetologia e 
Andrologia, Dipartimento di Medicina Clinica e Chirurgia, 
Università degli Studi di Napoli Federico II, Naples, Italy

13 Cattedra Unesco “Educazione Alla Salute e Allo Sviluppo 
Sostenibile”, Università degli Studi di Napoli Federico II, 
Naples, Italy

http://orcid.org/0000-0003-0722-7163

	Ketogenic nutritional therapy (KeNuT)—a multi-step dietary model with meal replacements for the management of obesity and its related metabolic disorders: a consensus statement from the working group of the Club of the Italian Society of Endocrinology (SI
	Abstract
	Purpose 
	Methods 
	Conclusion 

	Introduction
	VLCKD: indications and contraindications
	VLCKD with meal replacement
	The biochemical mechanisms of VLCKD
	Use of meal replacements for VLCKD

	Ketogenic nutritional therapy: a multistep dietary model
	Ketogenic phases
	Phase 1
	Phase 2

	Non-ketogenic phases
	Phase 3
	Phase 4
	Phase 5


	Maintenance diet and physical activity
	Mediterranean diet
	Physical activity
	Follow-up

	Nutritional and clinical management of patients undergoing VLCKD
	Assessment of nutritional status
	Biochemical and clinical parameters evaluation
	Safety of the ketogenic diet

	Conclusions
	Acknowledgements 
	References


