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 Abstract 

In this review we analyze the recent scientific evidence about, benefits and risks of VLCKDs, and 
provide recommendations on the correct use of this therapeutic approach for weight loss and 
management of metabolic diseases. 
Over the last decades, the worldwide prevalence of obesity and type 2 diabetes (T2D) has dramatically 
risen, resulting in a global epidemic. 
The transition to high calorie-low fiber diets and processed foods have contributed to this trend. 
High carbohydrate intake has been related to higher risk of total mortality, whereas total fat and 
specific types of fat have been associated with lower total mortality, thus challenging the definition of 
a healthy diet. 
In this context, weight loss is important in the prevention of chronic diseases, associated with high 
morbility and mortality in industrialized countries. 
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 Introduction 

 Over the last decades, the worldwide prevalence 
of obesity and type 2 diabetes has dramatically 
risen, resulting in a global epidemic. High 
carbohydrate intake has been related to higher risk 
of total mortality, whereas total fat and specific 
types of fat have been associated with lower 
mortality. In this contest, VLCKD has recently gained 
growing interest for the management of obesity 
and its comorbidities [1]. 

 

 VLCKD 

 Ketogenic diets are high-fat, adequate-protein, 
low-carbohydrate diets and have been primarily 
used to treat refractory epilepsy in children since 
the 1920s. In the 1970s the low-carbohydrate high-
fat ketogenic diet “Atkins” reached popularity for 
weight loss. Then, pioneering studies by George 
Blackburn introduced the concept of “protein-
sparring modified fast”, forming the basis of VLCKD. 

 VLCKD is a nutritional protocol characterized by a 
reduction in energy intake with a relative increase in 
protein and lipid content resulting in an important 
glucose reduction, less than 50g/day. 

 The diet program is structured in different 
phases. At the beginning patients are allowed to eat 
protein preparation or natural protein meals 
(meat/fish/eggs/soy) and low-carbohydrate 
vegetables. The ketogenic period providing about 
600-800 kcal/day and is variable in time (8-12 
weeks). During this period patients must be 
monitored through physical examination 
(anthropometric measurement, blood pressure, 
heart rate, etc) and laboratory analysis. 

 Furthermore, proper water intake (at least 2 l), 
vitamin/electrolyte and omega 3 supplementation 
are mandatory, especially in this first phase. 

 In the following phases, carbohydrates are 
gradually reintroduced, starting from foods with the 
lowest glycemic index (fruit – dairy products), 
followed by foods with moderate and high glycemic 
index. The daily calorie intake in the reintroduction 
period ranges between 800 and 1500 kcal/day. 

The reintroduction of food allows for a 
progressive nutritional education that supports 
long-term weight-loss maintenance [2]. 

 VLCKD in severe obesity 

 VLCKD is a dietary strategy to assist patients 
affected by obesity in losing weight rapidly. It is a 
therapeutic option for patients with severe obesity 
or moderate obesity associated with others risk 
factors. VLCKD is suggested for a maximum of 12 
weeks in a context of multidisciplinary intervention 
associated with lifestyle modifications and 
psychological counselling [3,4,5]. 

 Most of the studies on obesity have shown that 
intervention with VLCKD is effective in terms of 
weight loss, visceral fat reduction and improvement 
of metabolic parameters and inflammation markers, 
but they are short term. Further studies long time 
are needed to attribute a stronger level of evidence 
to this approach. 

 The use of VLCKD in combination with other 
dietary approaches could be the solution.  The 
controlled transition to the reintegration of 
carbohydrate intake allows the body to slowly get 
used to the glucose consumption and influences the 
weight regain avoiding spikes of insulin. 

 Hypocaloric Mediterranean diet remains the 
most prescribed first-choice diet in Italy, but it is 
penalized by the high incidence of dropouts due to 
the difficulty in controlling hunger. The 
development of a controlled ketosis, which 
effectively inhibits hunger and increases satiety, 
makes VLCKD a valuable option for intermittent 
treatments in combination with other dietetic 
approach. 

 In conclusion, there is evidence that VLCKD 
approach is effective in weight-loss and visceral fat 
reduction in severe obesity in the short-term. The 
evidence of a long-term efficacy of VLCKD is 
sporadic and needs more long-term studies. 
Lifestyle intervention and VLCKD approach used 
together for the management of severe obesity are 
more successful than interventions used alone and 
without specialized supervision. 
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 VLCKD in type 2 Diabetes and insulin 
resistance 

 VLCKD should be considered to obtain an early 
efficacy on glycemic control, particularly in patients 
with short duration of the disease. 

In obese patients with T2D, exposure to VLCKD 
for 1 week resulted in a significant improvement of 
beta-cell function. 

The reduction in carbohydrate intake was 
associated with a decrease in hepatic triacylglycerol 
content; consequently, higher suppression of 
hepatic glucose production was observed as a 
consequence of improved hepatic insulin sensitivity 
[6]. 

The effects of VLCKD on beta-cell function may 
be responsible for the significant percentage of 
patients showing remission of T2D. Indeed, 
remission of diabetes may be expected in a relevant 
percentage of patients with early diagnosis of the 
disease after 3 months of VLCKD [6, 7]. 

A longer observation reveals a persistent 
remission in almost half of the patients [6, 8], 
despite weight regain [6]. 

Long-lasting remission was observed in particular 
in patients with lower fasting plasma glucose, 
younger age and a shorter duration of diabetes [8]. 
Improvements in glycemic control during 
intervention with VLCKD have been found, despite 
discontinuation of anti-diabetes therapy [8, 9]. 

Continuous or intermittent use of VLCKD is 
associated with an important reduction in insulin 
and oral glucose-lowering medication requirements. 

 VLCKD in non-alcoholic fatty liver disease  

 NAFLD is the most common liver disorder in 
industrialized countries, where obesity and T2DM 
are the major risk conditions for this disease and for 
its progression towards non-alcoholic 
steatohepatitis (NASH) and liver cirrhosis or 
hepatocellular carcinoma. 

 Given the tight association of NAFLD with 
obesity, even modest weight loss significantly 
reduces liver fat while improving hepatic insulin 
resistance [10,11]. 

 In humans 2 weeks of dietary intervention with a 
VLCKD reduced hepatic triglycerides in subject with 
NAFLD; reductions were significantly greater with 
VLCKD than with standard caloric restriction. A 
similar study showed that liver total volume was 
rapidly decreased by a short-term (6 days) VLCKD, 
probably due to glycogen depletion, and such 
decrease was higher than with a standard 
hypocaloric diet [12]. 

 A 2-year study reported that increasing the 
content of protein in the diet may reduce liver fat 
and lower the risk of T2D in people with NAFLD. 
Finally, more than half of the patients, who were 
previously diagnosed with NAFLD, no longer had 
fatty liver [13]. 

 A 12-week intervention research showed that 
intrahepatic triglyceride content is lower after a high 
protein-low carbohydrate diet than a low protein-
high carbohydrate diet. This suggests that high 
protein-low carbohydrate diets may limit 
intrahepatic triglyceride in healthy humans. High-
protein intake stimulates hepatic lipid oxidation due 
to the high energetic demand for amino acid 
catabolism and ketogenesis. Protein-induced 
glucagon secretion inhibits de novo lipogenesis and 
stimulates hepatic ketogenesis [14]. 

Although these evidences, lack of results limit 
the validation of VLCKD use in patients with NAFLD. 

 

 VLCKD and cardiovascular diseases 

 Obesity is associated with increased risk of 
cardiovascular morbidity and mortality [15]. 
Overweight status has also been found associated 
with increased risk of developing cardiovascular 
disease (CVD) at an earlier age [16]. 

 Cardiovascular diseases are pathological 
process that affect the arterial system and 
determine the progressive narrowing of the arteries 
until they are completely obstructed.
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 The rapid impact of VLCKD in reducing visceral 
fat shows beneficial effects on risk factors for CVD. 

VLCKD could be part of a multidisciplinary strategy 
for cardiovascular rehabilitation in obese patients. 

Studies by Blackburn showed marked effects of 
VLCKD in the reduction of body weight, systolic and 
diastolic blood pressure, fasting plasma glucose and 
triglyceride levels [17]. 

The anti-inflammatory effects of VLCKD could 
play an important cardioprotective role. 

In fact, 12-week-long VLCKD has been reported to 
reduce pro-inflammatory cytokines (tumor necrosis 
factor alpha, TNF-α; interleukin 6, IL-6; interleukin 8, 
IL-8; monocyte chemoattractant protein 1, MCP-1; E-
selectin; intercellular adhesion molecule 1, ICAM-1; 
plasminogen activator inhibitor 1, PAI-1) [18]. 

Others pre-clinical studies demonstrated that β-
hydroxybutyrate blocks NLRP3 (NOD-, LRR- and 
pyrin domain-containing protein 3) inflammasome 
[19], supporting a direct anti-inflammatory role of 
VLCKD beyond its effects on metabolic parameters 
[20]. 

 Conclusions 

 Despite the short and middle term benefits of 
VLCKD in terms of weight loss, improvement of 
insulin resistance with potential remission of T2D, 
reduction of intrahepatic triglyceride content and 
reduction in cardiovascular risk factor are widely 
documented, some concerns exist about its use in 
the long-term period due to the paucity of studies. 

 Few studies have demonstrated that VLCKD is 
safe and effective in the long term, although 
additional clinical trials are needed. 

  VLCKD is a highly effective therapeutic tool in 
patients who needed rapid weight loss over a short-
term period, such as individuals with moderate to 
severe obesity and cardiovascular risk factors. The 
potential of this diet in determining remission of 
T2D, particularly in obese patients with short disease 
duration, should be taken into consideration. 

 Once an ideal body weight is achieved, VLCKD 
should be necessarily followed by a long-term 
multifactorial strategy aimed at weight-loss 
maintenance. 

 One of the open questions is related to the ideal 
duration and frequency of use of VLCKDs. In the 
past, the use of VLCKDs without proper medical 
supervision generated therapeutic failures and side 
effects that led to their default for many years. 

 In conclusion VLCKD is an important therapeutic 
tool to associate with others approach and lifestyle 
changes, a lot of evidences shows its efficacy and its 
safety, but more long-term studies are requested. 

 At the end it should be emphasized that the use 
of VLCKD requires a clear clinical indication under 
strict medical supervision. 

 References 

1. Caprio, M., Infante, M., Moriconi, E., Armani, 
A., Fabbri, A., Mantovani, G., Mariani, S., 
Lubrano, C., Poggiogalle, E., Migliaccio, S., 
Donini, L. M., Basciani, S., Cignarelli, A., 
Conte, E., Ceccarini, G., Bogazzi, F., Cimino, 
L., Condorelli, R. A., La Vignera, S., Calogero, 
A. E., … Cardiovascular Endocrinology Club 
of the Italian Society of Endocrinology 
(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). Journal of 
endocrinological investigation, 42(11), 1365–
1386. https://doi.org/10.1007/s40618-019-
01061-2 

2. Cicero, A. F., Benelli, M., Brancaleoni, M., 
Dainelli, G., Merlini, D., & Negri, R. (2015). 
Middle and Long-Term Impact of a Very 
Low-Carbohydrate Ketogenic Diet on 
Cardiometabolic Factors: A Multi-Center, 
Cross-Sectional, Clinical Study. High blood 
pressure & cardiovascular prevention: the 
official journal of the Italian Society of 
Hypertension, 22(4), 389–394. 
https://doi.org/10.1007/s40292-015-0096-1 

3. Ryan D. H. (2016). Guidelines for Obesity 
Management. Endocrinology and 



PhOL     Carbonaro, et al.    68 (pag 64-69) 
 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

 

metabolism clinics of North America, 45(3), 
501–510. 
https://doi.org/10.1016/j.ecl.2016.04.003 

4. Stegenga, H., Haines, A., Jones, K., Wilding, 
J., & Guideline Development Group (2014). 
Identification, assessment, and 
management of overweight and obesity: 
summary of updated NICE guidance. BMJ 
(Clinical research ed.), 349, g6608. 
https://doi.org/10.1136/bmj.g6608. 

5. Raynor, H. A., & Champagne, C. M. (2016). 
Position of the Academy of Nutrition and 
Dietetics: Interventions for the Treatment 
of Overweight and Obesity in 
Adults. Journal of the Academy of Nutrition 
and Dietetics, 116(1), 129–147. 
https://doi.org/10.1016/j.jand.2015.10.031 

6. Lim, E. L., Hollingsworth, K. G., Aribisala, B. 
S., Chen, M. J., Mathers, J. C., & Taylor, R. 
(2011). Reversal of type 2 diabetes: 
normalisation of beta cell function in 
association with decreased pancreas and 
liver triacylglycerol. Diabetologia, 54(10), 
2506–2514. https://doi.org/10.1007/s00125-
011-2204-7. 

7. Rothberg, A. E., McEwen, L. N., Kraftson, A. 
T., Fowler, C. E., & Herman, W. H. (2014). 
Very-low-energy diet for type 2 diabetes: an 
underutilized therapy? Journal of diabetes 
and its complications, 28(4), 506–510. 
https://doi.org/10.1016/j.jdiacomp.2014.03.01
4. 

8. Steven, S., Hollingsworth, K. G., Al-Mrabeh, 
A., Avery, L., Aribisala, B., Caslake, M., & 
Taylor, R. (2016). Very Low-Calorie Diet and 
6 Months of Weight Stability in Type 2 
Diabetes: Pathophysiological Changes in 
Responders and Nonresponders. Diabetes 
care, 39(5), 808–815. 
https://doi.org/10.2337/dc15-1942. 

9. Jazet, I. M., de Craen, A. J., van Schie, E. M., 
& Meinders, A. E. (2007). Sustained 
beneficial metabolic effects 18 months after 
a 30-day very low calorie diet in severely 
obese, insulin-treated patients with type 2 
diabetes. Diabetes research and clinical 
practice, 77(1), 70–76. 
https://doi.org/10.1016/j.diabres.2006.10.019 

10. Zelber-Sagi, S., Ratziu, V., & Oren, R. (2011). 
Nutrition and physical activity in NAFLD: an 
overview of the epidemiological 
evidence. World journal of 
gastroenterology, 17(29), 3377–3389. 
https://doi.org/10.3748/wjg.v17.i29.3377. 

11. Petersen, K. F., Dufour, S., Befroy, D., 
Lehrke, M., Hendler, R. E., & Shulman, G. I. 
(2005). Reversal of nonalcoholic hepatic 
steatosis, hepatic insulin resistance, and 
hyperglycemia by moderate weight 
reduction in patients with type 2 
diabetes. Diabetes, 54(3), 603–608. 
https://doi.org/10.2337/diabetes.54.3.603 

12. Bian, H., Hakkarainen, A., Lundbom, N., & 
Yki-Järvinen, H. (2014). Effects of dietary 
interventions on liver volume in 
humans. Obesity (Silver Spring, Md.), 22(4), 
989–995. https://doi.org/10.1002/oby.20623 

13. Drummen, M., Dorenbos, E., Vreugdenhil, 
A., Raben, A., Fogelholm, M., Westerterp-
Plantenga, M. S., & Adam, T. C. (2018). Long-
term effects of increased protein intake 
after weight loss on intrahepatic lipid 
content and implications for insulin 
sensitivity: a PREVIEW study. American 
journal of physiology. Endocrinology and 
metabolism, 315(5), E885–E891. 
https://doi.org/10.1152/ajpendo.00162.2018 

14. Westerterp-Plantenga, M. S., Lemmens, S. 
G., & Westerterp, K. R. (2012). Dietary 
protein - its role in satiety, energetics, 
weight loss and health. The British journal 
of nutrition, 108 Suppl 2, S105–S112. 
https://doi.org/10.1017/S0007114512002589 

15. Ortega, F. B., Lavie, C. J., & Blair, S. N. 
(2016). Obesity and Cardiovascular 
Disease. Circulation research, 118(11), 1752–
1770. 
https://doi.org/10.1161/CIRCRESAHA.115.306
883. 

16. Khan, S. S., Ning, H., Wilkins, J. T., Allen, N., 
Carnethon, M., Berry, J. D., Sweis, R. N., & 
Lloyd-Jones, D. M. (2018). Association of 
Body Mass Index With Lifetime Risk of 
Cardiovascular Disease and Compression of 
Morbidity. JAMA cardiology, 3(4), 280–287. 
https://doi.org/10.1001/jamacardio.2018.0022

https://doi.org/10.1016/j.ecl.2016.04.003


PhOL     Carbonaro, et al.    69 (pag 64-69) 
 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

 

17. Palgi A, Read JL, Greenberg I, Hoefer MA, 
Bistrian BR, Blackburn GL (1985) 
Multidisciplinary treatment of obesity with 
a protein-sparing modified fast: results in 
668 outpatients. Am J Public Health 
75(10):1190–1194. 

18. Forsythe, C. E., Phinney, S. D., Fernandez, 
M. L., Quann, E. E., Wood, R. J., Bibus, D. M., 
Kraemer, W. J., Feinman, R. D., & Volek, J. S. 
(2008). Comparison of low fat and low 
carbohydrate diets on circulating fatty acid 
composition and markers of 
inflammation. Lipids, 43(1), 65–77. 
https://doi.org/10.1007/s11745-007-3132-7. 

19. Youm, Y. H., Nguyen, K. Y., Grant, R. W., 
Goldberg, E. L., Bodogai, M., Kim, D., 
D'Agostino, D., Planavsky, N., Lupfer, C., 
Kanneganti, T. D., Kang, S., Horvath, T. L., 
Fahmy, T. M., Crawford, P. A., Biragyn, A., 
Alnemri, E., & Dixit, V. D. (2015). The ketone 
metabolite β-hydroxybutyrate blocks NLRP3 
inflammasome-mediated inflammatory 
disease. Nature medicine, 21(3), 263–269. 
https://doi.org/10.1038/nm.3804. 

20. Prattichizzo, F., De Nigris, V., Micheloni, S., 
La Sala, L., & Ceriello, A. (2018). Increases in 
circulating levels of ketone bodies and 
cardiovascular protection with SGLT2 
inhibitors: Is low-grade inflammation the 
neglected component? Diabetes, obesity & 
metabolism, 20(11), 2515–2522. 
https://doi.org/10.1111/dom.13488. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

https://doi.org/10.1111/dom.13488

