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Introduction
Very-low-calorie ketogenic diets (VLCKDs) are being 
used with increasing frequency in obesity management 
and metabolic medicine.1,2 More recently, the terminology 
has been updated, and the term very-low-energy ketogenic 
therapy (VLEKT) has been proposed to better describe these 
interventions.3 These interventions combine marked caloric 
restriction, typically below 800 kcal per day, with severe 
carbohydrate restriction, usually below 50 g per day, to 
induce nutritional ketosis and a controlled protein intake, 
generally within medically supervised programs. 1,2 Current 
European recommendations, together with the consensus 
document from the Italian Society of Endocrinology, 
usually calculate protein prescription according to ideal 
body weight rather than actual body weight. 1,2

In clinical practice, ideal body weight is often used mainly 
for practical reasons. In severe obesity, calculations based 
directly on actual body weight often generate protein 
prescriptions that appear disproportionate to the metabolic 
contribution of adipose tissue. Ideal body weight has 
therefore become a convenient clinical reference. 

Ideal body weight is an anthropometric estimate rather 
than a direct measure of metabolically active tissue. It does 
not quantify skeletal muscle mass, organ tissue, extracellular 
water, or fat-free mass. Protein turnover and resting 
energy expenditure are more closely linked to lean tissue 
compartments than to body weight itself.4-6 During severe 
caloric restriction, preserving lean mass becomes clinically 
relevant, particularly when weight loss occurs rapidly.

The issue becomes even more evident in patients 
with marked heterogeneity in body composition. Older 
adults and individuals with sarcopenic obesity may differ 
substantially in skeletal muscle reserves, inflammatory 
burden, anabolic responsiveness, and resting energy 
expenditure despite similar anthropometric characteristics. 
A single anthropometric parameter, such as ideal body 
weight, cannot adequately reflect the wide variability in 
body composition and skeletal muscle mass observed 
among individuals with obesity.

This article discusses the physiological rationale 
underlying protein prescription during VLEKT, with 
particular attention to the limitations of ideal-body-weight-
based approaches and the potential relevance of body 
composition assessment.

Methods
This narrative mini-review was conducted to examine the 
physiological rationale underlying protein prescription 
during VLEKT, with particular focus on the limitations 
of ideal-body-weight-based approaches and the potential 
relevance of body composition assessment.

A literature search was performed using PubMed/
MEDLINE. The primary search focused on articles 
published from January 2000 through May 2026. Seminal 
earlier publications relevant to protein metabolism, 
nutritional ketosis, body composition, and obesity were 
also considered when appropriate.

Search terms included combinations of “very-low-
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calorie ketogenic diet”, “VLCKD”, “very-low-energy 
ketogenic therapy”, “VLEKT”, “protein intake”, “protein 
requirements”, “ideal body weight”, “fat-free mass”, 
“lean mass”, “skeletal muscle”, “body composition”, 
“sarcopenia”, “sarcopenic obesity”, “anabolic resistance”, 
“obesity”, “weight loss”, “lean mass preservation”, and 
“GLP-1 receptor agonists”.

Priority was given to clinical trials, systematic reviews, 
meta-analyses, international guidelines, consensus 
statements, and position papers addressing obesity 
management, ketogenic therapies, protein metabolism, 
body composition, sarcopenic obesity, and preservation 
of lean mass during weight loss. Additional references were 
identified through manual review of the reference lists of 
selected publications.

Protein requirements, lean tissue, and metabolic 
heterogeneity
Protein requirements depend not only on the amount of 
fat-free mass, but also on its metabolic activity. Skeletal 
muscle, visceral organs, and other lean tissues contribute 
substantially to protein turnover and resting energy 
expenditure.4 Individuals with similar body weight or 
body mass index may still differ substantially in the relative 
amounts of skeletal muscle and fat mass, resulting in 
markedly different body-composition phenotypes.5,6

Geisler, Prado, and Müller questioned the adequacy 
of body-weight-based recommendations for estimating 
individual protein requirements.4 Their analysis 
emphasized the relationship between fat-free mass, resting 
energy expenditure, and protein metabolism, arguing that 
body weight alone provides only an approximate estimate 
of physiological protein needs and does not adequately 
account for the marked heterogeneity in body composition 
among individuals with obesity.5,6 

Severe caloric restriction generally leads to reductions 
in both fat mass and fat-free mass. The relative proportion 
varies among individuals and depends on several factors, 
including age, baseline adiposity, physical activity, 
protein intake, and metabolic stress.7,8 Loss of skeletal 
muscle during rapid weight reduction may have clinically 
relevant consequences. Muscle tissue contributes to glucose 
utilization, physical performance, and resting energy 
expenditure, all of which may be negatively affected when 
muscle loss becomes substantial.9

During VLEKT, adequate protein intake is primarily 
intended to limit excessive loss of lean tissue during 
severe caloric restriction. Nutritional ketosis has long 
been associated with metabolic adaptations that may 
reduce protein catabolism, partly related to lower glucose 
requirements and altered substrate utilization.10,11 This 
does not eliminate the need for adequate dietary protein 
intake. Age, baseline muscle reserves, inflammatory 
burden, exercise habits, and duration of energy restriction 
all influence the degree of lean mass loss observed during 
treatment.

Current VLEKT protocols generally prescribe protein 

intake according to ideal body weight, typically ranging 
between 0.8 and 1.5 g/kg IBW/day, with slight variations 
across studies, position papers, and expert consensus 
documents. This strategy is primarily intended to 
preserve lean mass during severe caloric restriction while 
maintaining nutritional ketosis. However, ideal-body-
weight-based approaches may not adequately capture 
the marked heterogeneity in body composition and 
metabolically active lean tissue observed across individuals 
with obesity.

Limitations of ideal-body-weight-based protein 
prescription
Ideal body weight equations were not developed to estimate 
body composition. They do not distinguish adipose tissue 
from skeletal muscle or fat-free mass. Individuals with 
similar anthropometric characteristics may therefore 
exhibit substantially different metabolic profiles.

Most VLEKT protocols still rely on relatively uniform 
protein prescriptions despite considerable variability in body 
composition. One patient may retain substantial skeletal 
muscle mass despite excess adiposity, whereas another 
may already present with sarcopenic obesity, chronic low-
grade inflammation, and impaired muscle quality. Under 
these conditions, similar protein prescriptions may not 
correspond to equivalent physiological requirements.

BMI and body weight provide no information regarding 
skeletal muscle reserves or lean tissue distribution. 
Population studies and clinical observations have identified 
phenotypes characterized by preserved muscle mass despite 
excess adiposity, as well as phenotypes associated with 
reduced muscle mass and altered metabolic function. 5,6,12

If protein requirements are more closely related to fat-
free mass than to ideal body weight, relying exclusively 
on anthropometric estimates risks oversimplifying the 
metabolic heterogeneity observed in obesity.

Aging and sarcopenic obesity
Sarcopenic obesity is now considered clinically relevant in 
obesity medicine, although diagnostic criteria continue to 
evolve.13 In routine clinical practice, some patients already 
present with reduced skeletal muscle mass before weight-
loss treatment even begins.

In older adults, defining adequate protein intake becomes 
more challenging because skeletal muscle progressively 
becomes less responsive to dietary protein intake and 
anabolic stimuli, a phenomenon commonly referred to as 
anabolic resistance.14-17 Under these conditions, protein 
requirements may differ substantially from those observed 
in younger individuals.

Older adults and patients with sarcopenic obesity appear 
especially vulnerable to lean tissue loss during VLEKT. In 
these groups, ideal-body-weight-based prescriptions may 
remain clinically practical while still being physiologically 
incomplete. 

Loss of skeletal muscle during aggressive weight reduction 
may have clinically relevant consequences. Muscle tissue 
contributes to glucose utilization, mobility, physical 
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function, and resting energy expenditure.9 Preservation 
of muscle mass, therefore, remains clinically relevant not 
only from a body composition perspective, but also for 
maintaining functional capacity during obesity treatment.

Protein prescription during ketogenic therapy
Evidence from conventional hypocaloric diets consistently 
indicates that higher protein intake contributes to the 
preservation of fat-free mass during weight loss. Pasiakos 
and colleagues reported that protein intake above the 
recommended dietary allowance attenuated reductions 
in fat-free mass during short-term caloric restriction.18 
Resistance-training studies likewise support the interaction 
between dietary protein and maintenance of lean tissue.19,20

Whether these findings can be directly extrapolated to 
VLEKT remains uncertain. Severe carbohydrate restriction, 
nutritional ketosis, and rapid weight loss introduce 
additional metabolic variables that are not fully represented 
in conventional hypocaloric diets.

Most studies on VLEKT report clinically meaningful 
reductions in body weight, fat mass, and metabolic risk 
markers.21-25 Preservation of lean mass, however, is not 
universal. Several VLEKT studies described reductions in 
fat-free mass despite conventional protein targets based 
on ideal body weight. Gómez-Arbeláez and colleagues 
reported measurable decreases in lean mass during the 
active ketogenic phase, although part of the variation 
appeared related to changes in hydration status and was 
partially recovered during follow-up.22 Other studies and 
reviews similarly described reductions in lean tissue during 
rapid ketogenic weight loss despite conventional protein 
prescriptions based on ideal body weight.7,8

Exercise likely plays an important role in this setting. 
A pilot study in sarcopenic obesity evaluated VLEKT 
combined with interval training and specifically examined 
preservation of lean mass during treatment.24 Although 
preliminary, the study reinforced the broader concept 
that maintenance of lean tissue during aggressive 
weight reduction likely depends on multiple interacting 
interventions rather than protein prescription alone.

It remains unclear whether body-composition-guided 
prescriptions improve preservation of lean tissue during 
VLEKT. 

Body composition assessment in clinical practice
Assessment of lean and adipose compartments may provide 
clinically useful information during nutritional treatment. 
DXA, bioelectrical impedance analysis (BIA), computed 
tomography, and magnetic resonance imaging all allow 
some degree of body composition evaluation, although 
each method carries important limitations.

DXA is widely used in research settings and provides 
regional estimates of fat mass and lean soft tissue. 
Recommendations from the International Society for 
Clinical Densitometry established indications and reporting 
standards for DXA body composition analysis.26,27 Broader 
clinical implementation, however, remains limited by 
cost, accessibility, weight restrictions, and interpretative 

variability.
BIA is easier to implement in outpatient practice, 

although it is strongly influenced by hydration status, 
edema, recent food intake, and device-specific equations. 
These limitations become especially relevant during 
ketogenic interventions, since glycogen depletion and rapid 
fluid redistribution substantially affect impedance-derived 
estimates.

Imaging-based assessment of skeletal muscle is more 
precise, although its routine use in nutritional practice 
remains limited. 

Despite these limitations, body composition assessment 
appears physiologically more coherent than approaches 
based exclusively on ideal body weight, since it provides a 
more direct estimate of metabolically active compartments 
involved in protein metabolism. Nevertheless, cost, 
accessibility, methodological limitations, and interpretative 
variability still restrict its routine use across all clinical 
settings.

Current evidence and future directions
Protein intake during VLEKT still largely relies on 
empirical approaches, particularly when body composition 
is considered.

One major limitation is the lack of validated algorithms 
specifically developed for ketogenic therapy. Existing 
evidence supports the physiological relevance of fat-free 
mass. However, no standardized model currently defines 
how protein intake should be adjusted according to skeletal 
muscle mass, age, inflammatory burden, or physical activity 
during VLEKT.

Available evidence is still fragmented and largely indirect. 
Much of the current rationale derives from aging research, 
sarcopenia literature, sports nutrition, and conventional 
hypocaloric diets rather than from trials specifically 
designed for ketogenic interventions.

Recent literature has increasingly focused on preservation 
of skeletal muscle during obesity treatment. Caturano and 
colleagues discussed the clinical implications of weight-
loss-induced muscle loss, emphasizing the role of adequate 
protein intake, exercise, and body composition monitoring. 
Similar conclusions emerge from recent reviews dedicated 
to preservation of muscle mass during caloric restriction, 
including discussions on exercise strategies and amino acid 
supplementation during weight loss.28-30

The growing use of GLP-1 receptor agonists has renewed 
attention toward preservation of lean mass during obesity 
treatment, particularly in older adults and in patients 
with sarcopenic obesity. Available studies have reported 
substantial interindividual variability in lean tissue changes 
during GLP-1-based therapy.31-33

From a clinical perspective, preservation of lean mass 
during VLEKT may become particularly relevant in older 
adults, sarcopenic obesity, and in patients undergoing rapid 
pharmacologically induced weight loss. Potential clinical 
applications include more individualized protein strategies 
based on body composition, particularly in patients at 
increased risk of skeletal muscle loss. In these settings, 
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preservation of lean mass may influence physical function, 
metabolic adaptation, and long-term weight maintenance.
Prospective studies specifically addressing body-
composition-guided protein prescription during VLEKT 
are still lacking. It remains uncertain whether individualized 
strategies based on fat-free mass improve clinical outcomes 
compared with conventional prescriptions based primarily 
on ideal body weight.

Towards a body composition-guided protein prescription
The conceptual framework supporting this approach is 
illustrated in Figure 1, whereas the proposed protein intake 
ranges are summarized in Table 1. This approach shifts 
from ideal body weight to grams of protein per kilogram 
of fat-free mass (g/kg FFM), which is more closely aligned 
with metabolically active tissue and protein turnover.

The proposed framework is based on the hypothesis 
that protein requirements during severe caloric restriction 

Table 1. Conceptual framework for individualized protein prescription during VLEKT

% Fat Mass (FM)
Protein Intake (g/kg FFM) — 

Resistance exercise / physically active
Protein Intake (g/kg FFM) — 

Sedentary
Clinical Considerations

Lower relative fat mass
 < 30%

~2.0–2.3 1.6–1.9

Generally associated with relatively preserved 
skeletal muscle mass despite obesity. Higher protein 
targets may support maintenance of lean tissue 
during aggressive weight loss.

Intermediate fat mass
30–40%

1.8–2.1 1.4–1.7
Most common body composition range observed in 
obesity. Protein requirements may vary according to 
age, physical activity, and baseline muscle reserves.

Higher fat mass
 > 40%

1.6–1.9 1.3–1.6

Greater adiposity is frequently associated with 
lower relative lean mass and increased risk of 
sarcopenic obesity. Interpretation should consider 
body composition heterogeneity.

Sarcopenic obesity (low 
ASMM + high FM%)

1.8–2.2 1.7 – 2.0

Priority should be preservation of skeletal muscle 
mass and physical function. Resistance exercise 
and monitoring of body composition are strongly 
recommended.

Abbreviations: FM = fat mass; FFM = fat-free mass; ASMM = appendicular skeletal muscle mass.
For patients with sarcopenic obesity, a relatively higher protein intake may theoretically be considered (1.7–2.2 g/kg FFM) irrespective of activity level, due to the 
presence of anabolic resistance and increased risk of lean mass loss. In these individuals, resistance exercise should be encouraged whenever feasible to maximize 
the anabolic effect of dietary protein.

Figure 1. Conceptual framework for body-composition-guided protein prescription during very-low-energy ketogenic therapy (VLEKT). 
IBW, ideal body weight; FFM, fat-free mass; VLEKT, very-low-energy ketogenic therapy
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are influenced not only by adiposity, but also by skeletal 
muscle reserves, anabolic resistance, and physical activity 
level. Individuals with lower relative adiposity and greater 
lean tissue reserves may require higher protein intake to 
support maintenance of fat-free mass during rapid weight 
loss, particularly when resistance exercise is performed. 
Conversely, severe adiposity is often associated with lower 
relative lean mass and increased metabolic heterogeneity.

Patients with sarcopenic obesity may represent a 
particularly vulnerable subgroup because of reduced muscle 
reserves and anabolic resistance. In these individuals, 
relatively higher protein intake together with resistance 
exercise may theoretically contribute to preservation of 
skeletal muscle and physical function during VLEKT.

The ranges proposed in Table 1 are hypothetical and 
derived from physiological considerations together 
with indirect evidence from obesity, aging, and exercise 
literature. They should therefore be interpreted as a 
conceptual framework rather than as validated clinical 
recommendations.

Conclusion
Ideal body weight remains a practical reference for protein 
prescription during VLEKT, particularly when direct 
assessment of body composition is unavailable. At the 
same time, ideal body weight is not a direct estimate of 
metabolically active tissue.

Protein requirements during severe caloric restriction 
appear to be influenced by fat-free mass, skeletal muscle 
reserves, aging, anabolic resistance, and physical activity. 
These considerations become even more relevant in older 
adults and in sarcopenic obesity.

At present, no validated model for body-composition-
guided protein prescription during VLEKT is available. 
Existing studies nevertheless indicate that reductions in 
lean mass may still occur despite conventional protein 
prescriptions based on ideal body weight. Whether fat-free-
mass-based prescriptions improve clinical outcomes still 
needs to be clarified. Taken together, these observations 
suggest that more individualized approaches, beyond IBW 
alone, may ultimately improve the physiological relevance 
of protein prescription during VLEKT.

Authors’ Contribution 
Conceptualization: Marco Medeot. 
Supervision: Marco Medeot. 
Writing–original draft: Marco Medeot. 
Writing–review & editing: Marco Medeot. 

Competing Interests
The author declares no competing interests related to this manuscript.

Ethical Approval
Not Applicable.

Funding
None.

Intelligence Use Disclosure
Artificial intelligence-assisted software and BioRender were used for 
graphical refinement of the conceptual figure and language editing 

during manuscript preparation.
References
1.	 Muscogiuri G, El Ghoch M, Colao A, Hassapidou M, Yumuk 

V, Busetto L. European guidelines for obesity management 
in adults with a very low-calorie ketogenic diet: a systematic 
review and meta-analysis. Obes Facts 2021;14(2):222-45. 
doi:10.1159/000515381

2.	 Caprio M, Infante M, Moriconi E, Armani A, Fabbri A, 
Mantovani G, et al. 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 2019;42(11):1365-86. doi:10.1007/
s40618-019-01061-2

3.	 Barrea L, Caprio M, Grassi D, Cicero AF, Bagnato C, Paolini B, 
et al. A new nomenclature for the very low-calorie ketogenic 
diet (VLCKD): very low-energy ketogenic therapy (VLEKT). 
Ketodiets and nutraceuticals expert panels: “KetoNut”, Italian 
Society of Nutraceuticals (SINut) and the Italian Association 
of Dietetics and Clinical Nutrition (ADI). Curr Nutr Rep 
2024;13(3):552-6. doi:10.1007/s13668-024-00560-w

4.	 Geisler C, Prado CM, Müller MJ. Inadequacy of body weight-
based recommendations for individual protein intake-lessons 
from body composition analysis. Nutrients 2016;9(1):23. 
doi:10.3390/nu9010023

5.	 Müller MJ, Braun W, Enderle J, Bosy-Westphal A. Beyond BMI: 
conceptual issues related to overweight and obese patients. 
Obes Facts 2016;9(3):193-205. doi:10.1159/000445380

6.	 Prado CM, Siervo M, Mire E, Heymsfield SB, Stephan BC, 
Broyles S, et al. A population-based approach to define body-
composition phenotypes. Am J Clin Nutr 2014;99(6):1369-77. 
doi:10.3945/ajcn.113.078576

7.	 Chaston TB, Dixon JB, O’Brien PE. Changes in fat-free mass 
during significant weight loss: a systematic review. Int J Obes 
(Lond) 2007;31(5):743-50. doi:10.1038/sj.ijo.0803483

8.	 Heymsfield SB, Gonzalez MC, Shen W, Redman L, Thomas 
D. Weight loss composition is one-fourth fat-free mass: a 
critical review and critique of this widely cited rule. Obes Rev 
2014;15(4):310-21. doi:10.1111/obr.12143

9.	 Wolfe RR. The underappreciated role of muscle in health 
and disease. Am J Clin Nutr 2006;84(3):475-82. doi:10.1093/
ajcn/84.3.475

10.	 Cahill GF Jr. Starvation in man. N Engl J Med 1970;282(12):668-
75. doi:10.1056/nejm197003192821209

11.	 Nair KS, Welle SL, Halliday D, Campbell RG. Effect of beta-
hydroxybutyrate on whole-body leucine kinetics and fractional 
mixed skeletal muscle protein synthesis in humans. J Clin Invest 
1988;82(1):198-205. doi:10.1172/jci113570

12.	 Salmón-Gómez L, Catalán V, Frühbeck G, Gómez-Ambrosi J. 
Relevance of body composition in phenotyping the obesities. 
Rev Endocr Metab Disord 2023;24(5):809-23. doi:10.1007/
s11154-023-09796-3

13.	 Donini LM, Busetto L, Bischoff SC, Cederholm T, Ballesteros-
Pomar MD, Batsis JA, et al. Definition and diagnostic criteria for 
sarcopenic obesity: ESPEN and EASO consensus statement. Clin 
Nutr 2022;41(4):990-1000. doi:10.1016/j.clnu.2021.11.014

14.	 Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, 
Cederholm T, et al. Sarcopenia: revised European consensus 
on definition and diagnosis. Age Ageing 2019;48(1):16-31. 
doi:10.1093/ageing/afy169

15.	 Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, 
Morley JE, et al. Evidence-based recommendations for optimal 
dietary protein intake in older people: a position paper from the 
PROT-AGE Study Group. J Am Med Dir Assoc 2013;14(8):542-
59. doi:10.1016/j.jamda.2013.05.021

16.	 Deutz NE, Bauer JM, Barazzoni R, Biolo G, Boirie Y, Bosy-
Westphal A, et al. Protein intake and exercise for optimal 
muscle function with aging: recommendations from the ESPEN 
Expert Group. Clin Nutr 2014;33(6):929-36. doi:10.1016/j.
clnu.2014.04.007

https://doi.org/10.1159/000515381
https://doi.org/10.1007/s40618-019-01061-2
https://doi.org/10.1007/s40618-019-01061-2
https://doi.org/10.1007/s13668-024-00560-w
https://doi.org/10.3390/nu9010023
https://doi.org/10.1159/000445380
https://doi.org/10.3945/ajcn.113.078576
https://doi.org/10.1038/sj.ijo.0803483
https://doi.org/10.1111/obr.12143
https://doi.org/10.1093/ajcn/84.3.475
https://doi.org/10.1093/ajcn/84.3.475
https://doi.org/10.1056/nejm197003192821209
https://doi.org/10.1172/jci113570
https://doi.org/10.1007/s11154-023-09796-3
https://doi.org/10.1007/s11154-023-09796-3
https://doi.org/10.1016/j.clnu.2021.11.014
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1016/j.jamda.2013.05.021
https://doi.org/10.1016/j.clnu.2014.04.007
https://doi.org/10.1016/j.clnu.2014.04.007


Medeot

Biomed adv 2026;3(4)6

17.	 Moore DR, Churchward-Venne TA, Witard O, Breen L, Burd 
NA, Tipton KD, et al. Protein ingestion to stimulate myofibrillar 
protein synthesis requires greater relative protein intakes in 
healthy older versus younger men. J Gerontol A Biol Sci Med 
Sci 2015;70(1):57-62. doi:10.1093/gerona/glu103

18.	 Pasiakos SM, Cao JJ, Margolis LM, Sauter ER, Whigham LD, 
McClung JP, et al. Effects of high-protein diets on fat-free 
mass and muscle protein synthesis following weight loss: a 
randomized controlled trial. Faseb j 2013;27(9):3837-47. 
doi:10.1096/fj.13-230227

19.	 Morton RW, Murphy KT, McKellar SR, Schoenfeld BJ, 
Henselmans M, Helms E, et al. A systematic review, 
meta-analysis and meta-regression of the effect of protein 
supplementation on resistance training-induced gains in 
muscle mass and strength in healthy adults. Br J Sports Med 
2018;52(6):376-84. doi:10.1136/bjsports-2017-097608

20.	 Longland TM, Oikawa SY, Mitchell CJ, Devries MC, Phillips 
SM. Higher compared with lower dietary protein during an 
energy deficit combined with intense exercise promotes greater 
lean mass gain and fat mass loss: a randomized trial. Am J Clin 
Nutr 2016;103(3):738-46. doi:10.3945/ajcn.115.119339

21.	 Moreno B, Crujeiras AB, Bellido D, Sajoux I, Casanueva FF. 
Obesity treatment by very low-calorie-ketogenic diet at two 
years: reduction in visceral fat and on the burden of disease. 
Endocrine 2016;54(3):681-90. doi:10.1007/s12020-016-1050-
2

22.	 Gomez-Arbelaez D, Bellido D, Castro AI, Ordoñez-Mayan 
L, Carreira J, Galban C, et al. Body composition changes 
after very-low-calorie ketogenic diet in obesity evaluated 
by 3 standardized methods. J Clin Endocrinol Metab 
2017;102(2):488-98. doi:10.1210/jc.2016-2385

23.	 Bruci A, Tuccinardi D, Tozzi R, Balena A, Santucci S, Frontani 
R, et al. Very low-calorie ketogenic diet: a safe and effective 
tool for weight loss in patients with obesity and mild kidney 
failure. Nutrients 2020;12(2):333. doi:10.3390/nu12020333

24.	 Camajani E, Feraco A, Proietti S, Basciani S, Barrea L, Armani A, 
et al. 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 2022;9:955024. 
doi:10.3389/fnut.2022.955024

25.	 Muscogiuri G, Verde L, Frias-Toral E, Reytor-González C, 

Annunziata G, Proganò M, et al. Weight loss, changes in body 
composition and inflammatory status after a very low-energy 
ketogenic therapy (VLEKT): does gender matter? J Transl Med 
2024;22(1):949. doi:10.1186/s12967-024-05733-3

26.	 Shepherd JA, Baim S, Bilezikian JP, Schousboe JT. Executive 
summary of the 2013 International Society for Clinical 
Densitometry Position Development Conference on 
Body Composition. J Clin Densitom 2013;16(4):489-95. 
doi:10.1016/j.jocd.2013.08.005

27.	 Petak S, Barbu CG, Yu EW, Fielding R, Mulligan K, Sabowitz 
B, et al. The Official Positions of the International Society 
for Clinical Densitometry: body composition analysis 
reporting. J Clin Densitom 2013;16(4):508-19. doi:10.1016/j.
jocd.2013.08.018

28.	 Caturano A, Amaro A, Berra CC, Conte C. Sarcopenic 
obesity and weight loss-induced muscle mass loss. Curr 
Opin Clin Nutr Metab Care 2025;28(4):339-50. doi:10.1097/
mco.0000000000001131

29.	 Mesinovic J, Hurst C, Leung GKW, Ryan JR, Daly RM, 
Scott D. Exercise and dietary recommendations to preserve 
musculoskeletal health during weight loss in adults with obesity: 
a practical guide. Rev Endocr Metab Disord 2025;26(5):785-
803. doi:10.1007/s11154-025-09968-3

30.	 Cannavaro D, Leva F, Caturano A, Berra CC, Bonfrate L, Conte 
C. Optimizing body composition during weight loss: the role 
of amino acid supplementation. Nutrients 2025;17(12):2000. 
doi:10.3390/nu17122000

31.	 Tinsley GM, Heymsfield SB. Fundamental body composition 
principles provide context for fat-free and skeletal muscle loss 
with GLP-1 RA treatments. J Endocr Soc 2024;8(11): bvae164. 
doi:10.1210/jendso/bvae164

32.	 Look M, Dunn JP, Kushner RF, Cao D, Harris C, Gibble TH, et 
al. Body composition changes during weight reduction with 
tirzepatide in the SURMOUNT-1 study of adults with obesity 
or overweight. Diabetes Obes Metab 2025;27(5):2720-9. 
doi:10.1111/dom.16275

33.	 Neeland IJ, Linge J, Birkenfeld AL. Changes in lean body mass 
with glucagon-like peptide-1-based therapies and mitigation 
strategies. Diabetes Obes Metab 2024;26 Suppl 4:16-27. 
doi:10.1111/dom.15728

https://doi.org/10.1093/gerona/glu103
https://doi.org/10.1096/fj.13-230227
https://doi.org/10.1136/bjsports-2017-097608
https://doi.org/10.3945/ajcn.115.119339
https://doi.org/10.1007/s12020-016-1050-2
https://doi.org/10.1007/s12020-016-1050-2
https://doi.org/10.1210/jc.2016-2385
https://doi.org/10.3390/nu12020333
https://doi.org/10.3389/fnut.2022.955024
https://doi.org/10.1186/s12967-024-05733-3
https://doi.org/10.1016/j.jocd.2013.08.005
https://doi.org/10.1016/j.jocd.2013.08.018
https://doi.org/10.1016/j.jocd.2013.08.018
https://doi.org/10.1097/mco.0000000000001131
https://doi.org/10.1097/mco.0000000000001131
https://doi.org/10.1007/s11154-025-09968-3
https://doi.org/10.3390/nu17122000
https://doi.org/10.1210/jendso/bvae164
https://doi.org/10.1111/dom.16275
https://doi.org/10.1111/dom.15728

