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Purpose of review

Very low-calorie diets (VLCD) are used as a weight loss intervention, but concerns have been raised about
their potential negative impact on lean mass. Here, we review the available evidence regarding the effects
of VLCD on lean mass and explore their utility and strategies to mitigate reductions in skeletal muscle.

Recent findings

We observed that VLCD, despite their effects on lean mass, may be suitable in certain populations but have
a risk in reducing lean mass. The extent of the reduction in lean mass may depend on various factors, such
as the duration and degree of energy deficit of the diet, as well as the individual’s starting weight and
overall health.

Summary

VLCD may be a viable option in certain populations; however, priority needs to be given to resistance
exercise training, and secondarily to adequate protein intake should be part of this dietary regime to
mitigate losing muscle mass.
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A very low-calorie diet (VLCD) is a dietary regimen
that reduces energy intake to very low levels, usually
between 800 and 1200kcals per day [1]. This level of
energy intake is often below an individual’s resting
metabolic rate. VLCD are often implemented to
induce rapid weight loss among individuals with
poormetabolic conditions, people with obesity, and
have or are at risk of developing type II diabetes
(T2D) [2]. A primary utility of a VLCD is to promote
rapid weight loss in preparation for patients under-
going, for example, bariatric surgery [3,4]. In addi-
tion, VLCDs are often used by athletes who are
seeking rapid weight loss for competition (i.e.,
weight-class specific sports) [5] and individuals
who seek very low levels of body fat, such as a
bodybuilder or physique athlete during periods of
contest-preparation [6]. Although VLCDs have
been demonstrated to be effective at reducing body
and fat mass and improving metabolic health, they
may have potential risks, including a reduction in
lean mass, particularly skeletal muscle mass [3,7].
The effects on lean mass will depend on several
factors, including an individual’s baseline body
uthor(s). Published by Wolters Kluwe
VLCD, an individual’s protein intake, whether they
are performing resistance exercise training (RET),
their training status (i.e., trained vs. untrained),
and other lifestyle factors (i.e., sleep, stress, and so
on) [8,9]. Thus, the purpose of this opinion paper is
to review the utility of a VLCD and for whom it may
be suitable.

The main risk from following a VLCD is the
potential loss of muscle mass [7]. Preventing/negat-
ing muscle mass loss could result in avoiding
r Health, Inc. www.co-clinicalnutrition.com
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KEY POINTS

� Rapid weight loss from VLCD may be a suitable option
in the short term and may be used in a clinical context
to improve health markers.

� To minimize the loss of lean mass during a VLCD,
individuals must ensure they consume adequate protein
intake (at least 1.2g/kg) in conjunction with a
RET regimen.

� Supplementation with either animal or plant-derived
protein powders is advised, provided they are enriched
with all nine essential amino acids.

� Older adults at risk of developing sarcopenia should be
careful using VLCD; however, type 2 diabetes patients
could benefit from VLCD.

Nutrition and physiological function
declines in physical function and strength [10].
Especially with advancing age, it is important to
maintain muscle mass to avoid accelerating sarco-
penia [1]. An important distinction to acknowledge
is that althoughmuscle mass is a component of lean
mass, they are not synonymous with one another.
In addition, muscle mass accounts specifically for
the weight of skeletal muscle within the body and
lean mass typically refers to the total weight of
anything that is not fat or bone, see Fig. 1. Although
muscle mass is included, lean mass includes organs,
FIGURE 1. A schematic showing how body composition and lea
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connective tissue, and body water [11]. Thus, it is
important to note that an increase or decrease in
leanmass does not automatically equate to the same
for muscle mass and vice versa. Indeed, maintaining
or increasing muscle mass during periods of energy
restriction will help to support metabolic health,
improve physical performance and activities of daily
living (ADL), and reduce the risk of chronic diseases
such as sarcopenia, obesity, T2D, and cancer [12].
Baseline body composition has an important effect
on themagnitude of the loss of skeletal muscle mass
resulting from a VLCD. For example, well trained
individuals with low body fat levels will have sig-
nificantly less fat to burn than people with obesity;
hence, such individuals will be unlikely to adhere to
a VLCD long-term, if at all, without losing muscle
mass. However, individuals with higher body fat
levels could increase the magnitude and duration
of a VLCD with a lower risk of atrophy, as they have
more energy reserves (i.e., body fat). As energy levels
become extremely low, the body will increase net
muscle tissue loss to provide amino acid precursors
for gluconeogenesis and fuel to match energy
demands [13]. Another consideration is that the
effect of VLCD on lean tissue may differ among
clinical populations. Thus, VLCD are not without
their shortcomings, but some strategies to prevent
atrophy and maintain or even increase skeletal
muscle mass are discussed in greater detail.
n mass are defined.
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THE ROLE OF PROTEIN INTAKE
Skeletal muscle mass is regulated by the net balance
betweenmuscle protein synthesis (MPS) andmuscle
protein breakdown (MPB). On average, muscle pro-
tein has a daily turnover rate of nearly 1.5% [14].
The two primary stimuli for MPS are ingesting pro-
tein-containing food and physical exercise that cre-
ates muscle loading (resistance exercise training;
RET) [15]. More specifically, protein ingestion
increases the concentration of circulating essential
amino acids (EAA), increasingMPS rates [16]. During
energy restriction, muscle protein balance is shifted
to a net negative state, likely through a decrease in
MPS and maybe small increases in MPB, so amino
acids are released as substrates for gluconeogenesis
and as fuel for various tissues [17,18]. To maintain a
more positive net muscle protein balance during an
energy deficit, MPS must be increased by ingesting
adequate amounts of dietary protein, exercising
(i.e., RET), or combining the two. As the rate of
MPB exceeds MPS, dietary protein becomes impor-
tant for the maintenance and remodelling of skel-
etal muscle; however, it appears that RET is the
major stimulus for muscle mass retention. Although
there are some conflicting views on whether the
dietary protein intake can independently preserve
lean mass during periods of negative energy balance
[9,19,20], multiple studies have demonstrated that
lean mass can be maintained in obese/overweight
individuals with additional protein ingestion either
through their dietary sources or via supplementa-
tion [21,22]. Supplementation with whey protein
has been shown to attenuate the decline in post-
prandial MPS following weight loss, which may be
an effective strategy for long-term weight loss inter-
ventions [23]. It is important that the magnitude of
the deficit is not too large, as protein intakes of 52 g/
day (35%daily intake) or 77g/day (40%daily intake)
were not sufficient to mitigate reductions in lean
mass in overweight or obese individuals following
8weeks of a daily caloric intake of 600 and 700kcal/
day, respectively [24]. In addition, it may be impor-
tant that dietary protein intake is evenly spread
throughout the day with equivalent intakes at each
meal occasion [25]. A retrospective analysis revealed
that when ingesting an isolated source of protein,
MPS had a ‘‘breakpoint’’ at 0.24 [90% confidence
interval (90%CI): 0.18–0.30] g/kg and 0.40 (90%CI:
0.21–0.59) g/kg in older adults, respectively [26].
Furthermore, a recent meta-analysis revealed that
protein supplementation beyond 1.6 g/kg resulted
in no further gains inmusclemass and strength [25].
Thus, per-meal protein feedings should be between
0.30 and 0.59 g/kg (for younger to older adults)
throughout the day, targeting a total daily intake
of nearly 1.2–1.6 g/kg to stimulateMPS and suppress
1363-1950 Copyright © 2023 The Author(s). Published by Wolters Kluwe
MPB optimally and support skeletal muscle repair
and remodeling [27]. Lastly, recommendations
should be tailored to an individual’s health and
training status in combination with the magnitude
and duration of the diet. Future research should
determine how different protein intakes affect var-
ious energy deficits among diverse populations.
THE ROLE OF EXERCISE

Exercise is usually categorized as aerobic (repetitive,
continuous performance of activity to move lower
loads or body weight) or resistance (intermittent
performance of activity to move higher loads or
body weight) [28]. Engaging in RET is the most
potent nonpharmacological stimulus to activate
MPS [29].

Evidence on the effect of aerobic exercise on
skeletal muscle mass preservation is still unclear
[1]. Given the compelling evidence, it stands to
reason that RET is more effective for maintaining
muscle mass during a VLCD due to its ability to
stimulate MPS [30]. In addition, aerobic exercise
burns significantly more energy and may lead to a
lower increase in MPS than resistance exercise. It is
important to note that exercise form does not need
to be one or the other, as a combination of RET and
aerobic exercise is the most effective in improving
functional status in older obese adults [31,32

&

].
Thus, we recommend that the duration and inten-
sity of physical activity, combined with a VLCD,
need a monitored personalized approach. Patients
who are in the hospital for a prolonged period of
time or have a disease that causes prolonged periods
of bed rest should work closely alongside medical
professionals (e.g., physicians, dieticians, physio-
therapists, and so on) to ensure they improve their
health outcome measures while mitigating the loss
of muscle mass. Future research should aim to deter-
mine the impact of varying intensities and duration
of both RET and aerobic exercise on skeletal muscle
mass loss following VLCD [33

&&

].
ADEQUATE PROTEIN INTAKE IN
COMBINATION WITH RESISTANCE
EXERCISE TRAINING

Consuming adequate dietary protein may support
lean mass maintenance; however, the anabolic
effects of protein ingestion will be largely aug-
mented acutely by prior RET [14,34]. During a calo-
ric deficit, MPB remains constant, leading to the
decline inMPS as the primary mechanism for reduc-
tions in leanmass [18,35

&

]. It has been demonstrated
that combining RET with protein intake spread
across multiple feedings per day ‘‘rescues’’ this
r Health, Inc. www.co-clinicalnutrition.com 523



Nutrition and physiological function
decline in MPS [36]. When adhering to a VLCD, RET
will be the most powerful nonpharmacological
stimulus for maintaining muscle mass and attenu-
atingmuscle atrophy.When RET is combinedwith a
higher protein intake (�1.2 g/kg), they work synerg-
istically to promote lean mass sparing during
periods of an energy deficit. Jo et al. [40] aimed to
investigate the effect of a VLCD with adequate
protein (1.1–1.3 g/kg) in conjunction with RET.
Eleven obese individuals underwent 12weeks of a
VLCD with supplemental protein (1120 kcal/day),
where one group was assigned to a control (n¼5)
and the other was assigned to RET 3x/week (n¼6)
[37]. Both groups lost a significant amount of total
body and fat mass, with no differences between
groups. Notably, the control group lost 4.6�0.8kg
(P¼0.004) of leanmass, while the RET group had no
changes. Thus, it is clear that RET positively affected
weight loss and body composition by preserving lean
masswithout compromisingoverallweightor fat loss
in obese men and women following a protein-sup-
plemented (�1.1–1.3g/kg/day) VLCD. In addition,
these changes accompanied positive adaptations
for resting metabolism and muscular function.

Adding RET to adequate dietary protein intake
is also an effective strategy for older adults with
metabolic impairments. Amamou et al. [21] had
26 overweight older adults (aged 60–75 years, BMI
32.4�3.9 kg/m2) with at least two factors of the
metabolic syndrome and were randomized into
two groups: high-protein caloric restriction protein
(HP; n¼12) and high-protein caloric restriction
combined with dynamic-resistance training
(HPþRT; n¼14). Energy intake was reduced by
500kcal/day in all participants, and protein intake
equated to 25–30% of total calories (�1.4 g/kg/day).
The authors reported significant reductions in total
and trunk fat mass (FM) and fasting glucose, trigly-
cerides, and total cholesterol levels, with no differ-
ences between the groups. However, total and
appendicular lean mass significantly decreased only
in the high-protein group. The authors concluded
that although high-protein energy restriction
improves the health profile among obese older
adults at a high risk of chronic disease, it needs to
be combined with RET to retain lean mass.

Longland et al. [38] studied youngmen adhering
tonearly 40%energy deficit, providing 33�1kcal/kg
leanmass, and randomly assigned to consume either
a lower-protein (1.2 g/kg/day) (CON) or a higher-
protein (2.4 g/kg/day) (PRO) diet. Both groups per-
formed RET combined with high-intensity interval
training 6days per week. Results indicated that
lean mass significantly increased in the PRO group
(1.2�1.0kg) and to a greater extent compared with
the CON groupwhomaintained their leanmass (0.1
524 www.co-clinicalnutrition.com
�1.0kg). The PRO group had a greater fat mass loss
than the CON group (PRO: -4.8�1.6kg; CON: -3.5
�1.4kg; P<0.05). Employing higher protein and
RET concomitantly can, as shown, even increase
muscle mass and reduce fat mass; such a pattern of
weight loss has been referred to as high-quality
weight loss or body recomposition [39,40]. Although
ithas been a commonbelief thatuntrained andobese
populations would experience body recomposition
due to the novelty of performing RET, evidence has
shown that trained individuals can also experience
recomposition [30]. However, the likelihood of expe-
riencing body recompositionwill depend on amulti-
tude of factors such as an individual’s training status
(i.e., trained vs. untrained), the magnitude and
length of their calorie deficit, lifestyle (i.e., sleep,
stress, etc.), and their training variables (volume,
intensity, frequency, etc.). For example, a VLCD
may be suitable for someone who has higher levels
of body fat and who are untrained/novice. Although
feasible, trained individuals with low body fat levels
should be cognizant of the potential downsides of a
VLCD. Huovinen et al. [41] had national-level track
and field males diet with either a large deficit
(750kcal deficit; �24% restriction, n¼8) or a small
deficit group (300kcal �12% energy restriction;
n¼7). Both groups had higher protein intakes set
at 2 g/kg. Although the group adhering to a large
deficit lost significant weight (�2kg) with no signifi-
cant fat-free mass (FFM) loss, those with body fat
below10%couldnotpreserve FFM.Thus, individuals
who already have a lower amount of fat mass
should be aware that periods of energy restriction
and adherence to a VLCD will likely experience a
loss of muscle mass and potentially other negative
consequences (i.e., hormonal disturbances, sleep
disruption, etc.).
CLINICAL POPULATIONS

Type II diabetes

VLCDs have been demonstrated to positively affect
the health of personswith type 2 diabetes (T2D). The
improved prognosis is primarily due to the large
energy deficit resulting in rapid weight loss leading
to improved glycemic control, insulin sensitivity,
and reduced cardiovascular risk factors in obese
individuals with T2D [2,42

&&

]. A popular form of
VLCD is a very low-calorie ketogenic diet (VLCKD),
which involves a daily carbohydrate intake below
50g or less than 10% of an individual’s intake [43

&&

].
A recent meta-analysis compared the effects of a
VLCKD on glycemic control, body weight, lipid
profile, medication use, and dropouts vs. other rec-
ommended diets for 12weeks or longer in people
Volume 26 � Number 6 � November 2023
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with T2D [43
&&

]. The authors found that a VLCKD
led to reductions in body weight and improved
glycemic regulation for up to 6months in people
with obesity and T2D. Furthermore, improvements
in triglycerides, high-density lipoprotein (HDL) cho-
lesterol, and a reduction in antidiabetic medications
persisted for up to 12months. However, as weight
loss continues, a ketogenic diet may have unfavor-
able effects on total cholesterol and low-density
lipoprotein levels in normal-weight individuals
[44

&

]. An umbrella review of ketogenic diets found
that in overweight adults or people with obesity, a
VLCKD was significantly associated with improved
anthropometric and cardiometabolic outcomes
without worsening muscle mass, LDL-C, and total
cholesterol. However, a ketogenic low carbohydrate
high fat (KLCHF) diet was associated with reduced
body weight and body fat percentage and reduced
muscle mass in healthy participants [45

&

]. In addi-
tion, prolonged low carbohydrate availability will be
exacerbated following a VLCKD, which may
increase branched-chain amino acid (BCAA) oxida-
tion and impair muscle retention [46

&

]. An impor-
tant caveat is that VLCDs are highly restrictive,
which challenge long-term adherence. In addition,
metabolic adaptations may reduce energy expendi-
ture, leading to a weight loss plateau [47]. Notably,
VLCD also increases the risk of losing skeletalmuscle
mass and potential weight regain upon resuming
normal dietary habits [47]. Thus, VLCD/VLCKD can
be used in the short term as an effective rapid weight
loss strategy to improve glycemic control and reduce
cardiovascular risk factors; however, we recommend
that individuals who follow them do so under med-
ical supervision and do not employ them long-term.
For long-term success in managing T2D, individuals
should work under the supervision of a healthcare
professional and adopt a sustainable lifestyle and
behavioral change program, including monitoring
energy intake, limiting alcohol consumption, engag-
ing indailyphysical activity, resistanceexercise train-
ing, and sufficient protein intake, which will be
paramount in maintaining health and limiting skel-
etal muscle loss.
SARCOPENIA

Sarcopenia is the age-related loss ofmusclemass and
function that negatively impacts physical function
and quality of life [48]. Weight loss in older adults,
especially when using a VLCD, can worsen sarcope-
nia by increasing muscle loss. The loss of muscle
mass in adults who are already at risk for sarcopenia
can have detrimental effects on their general health.
Protein intake becomes critical in regulating skeletal
musclemass and function formiddle-aged and older
1363-1950 Copyright © 2023 The Author(s). Published by Wolters Kluwe
adults who have or are at risk of developing sarco-
penia [1]. Protein intakes above the current RDA
(�0.8 g/kg/day) may increase MPS in sarcopenic
individuals, supporting the contention that the
current RDA is too low for sarcopenic individuals
[49

&

,50]. Overall, the guidelines for protein intake
in the general population may not be appropriate
for sarcopenic individuals, and additional protein
supplementation will be beneficial for lean mass
preservation, especially in the context of energy
restriction or VLCD.

Therefore, we do not recommend VLCD for
individuals at risk for sarcopenia, especially
older adults. Of note, postmenopausal women with
obesity who followed a severe energy restriction of
65–75% of their estimated energy expenditure
reported a 2.5-fold greater loss in hip bone mineral
density (BMD) compared with those following a
moderate deficit of 25–35% [51]. Thus, a more bal-
anced and moderate approach to weight loss that
includes sufficient protein intake and resistance
exercise is recommended to preserve muscle mass
and function [52]. A healthcare professional can
help to determine an appropriate weight loss plan
based on an individual’s specific needs and goals. It
is important to highlight that adopting a VLCDmay
not be intentional, as older adults may have a lower
appetite leading to lower total caloric/protein
intake. In this case, we encourage individuals to
participate in structured RET and consider supple-
mentation with high-quality protein with a full
complement of EAA to help stimulate MPS and
preserve skeletal muscle mass.
CONCLUSION AND PRACTICAL
APPLICATION

In conclusion, rapid weight loss from VLCD may be
a suitable option in the short term and may be used
in a clinical context to improve health markers.
However, due to their low energy content, largely
risking the loss of skeletal muscle mass and their
restrictive nature, it is likely not an ideal option for
long-term weight loss/maintenance, see Fig. 2. The
extent of loss of lean mass can vary depending on
many factors, including an individual’s beginning
body composition, the magnitude of energy deficit
and length of the diet, an individual’s protein
intake, whether they are performing RET, their
training status, and other lifestyle factors. To min-
imize the loss of lean mass during a VLCD, individ-
uals must ensure they consume adequate protein
intake in conjunction with a RET regimen. Finally,
due to the potential risks and side effects, the
authors advise individuals to consult a healthcare
professional before choosing to pursue a VLCD.
r Health, Inc. www.co-clinicalnutrition.com 525



FIGURE 2. Aspects of diet and activity during a very-low calorie diet that could influence muscle mass maintenance. Exercise
refers to resistance training specifically, consuming sufficient amounts of dietary protein can help preserve muscle mass, there
is an increased risk of losing muscle mass if the duration of the diet is increased, there is an increased risk of losing muscle
mass if the energy deficit becomes greater.

Nutrition and physiological function
The amount of protein required on a VLCD
will depend onmany factors, including age, training
status, body composition, and activity levels. How-
ever, at a minimum, it is recommended that indi-
viduals on a VLCD consume 1.2–1.5 g/kg/day and
limit the magnitude of their energy deficit to help
preserve muscle mass. To help meet this intake
while adhering to VLCD recommendations, includ-
ing lean, nutrient-dense sources such as lean meat,
fish, tofu, kidney beans, and low-fat dairy products.
Supplementationwitheither animalorplant-derived
protein powders is also advised, provided they are
enriched with all nine EAAs. In addition, protein
intake must be spread relatively evenly throughout
multiple daily feedings to stimulate MPS and reduce
MPB enhancing muscle mass retention.
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10. Gouveia ÉR, Ihle A, Gouveia BR, et al. Muscle mass and muscle strength
relationships to balance: the role of age and physical activity. J Aging Phys
Activity 2019; 28:262–268.
Volume 26 � Number 6 � November 2023



Very low-calorie diets and body composition Janssen et al.
11. Roubenoff R, Kehayias JJ. The meaning and measurement of lean body mass.
Nutr Rev 1991; 49:163–175.

12. McGlory C, van Vliet S, Stokes T, et al. The impact of exercise and nutrition
on the regulation of skeletal muscle mass. J Physiol 2019;
597:1251–1258.

13. ShenW, Chen J, Zhou J, et al. Effect of 2-year caloric restriction on organ and
tissue size in nonobese 21- to 50-year-old adults in a randomized clinical trial:
the CALERIE study. Am J Clin Nutr 2021; 114:1295–1303.

14. McKendry J, Stokes T, McLeod JC, Phillips SM. Resistance exercise, aging,
disuse, and muscle protein metabolism. Compr Physiol 2021;
11:2249–2278.

15. Trommelen J, Betz MW, van Loon LJC. The muscle protein synthetic response
to meal ingestion following resistance-type exercise. Sports Med 2019;
49:185–197.

16. Lanng SK, Oxfeldt M, Pedersen SS, et al. Influence of protein source (cricket,
pea, whey) on amino acid bioavailability and activation of the mTORC1
signaling pathway after resistance exercise in healthy young males. Eur J
Nutr 2023; 62:1295–1308.

17. Areta JL, Burke LM, Camera DM, et al. Reduced resting skeletal muscle
protein synthesis is rescued by resistance exercise and protein ingestion
following short-term energy deficit. Am J Physiol Endocrinol Metab 2014;
306:E989–E997.

18. Hector AJ, McGlory C, Damas F, et al. Pronounced energy restriction with
elevated protein intake results in no change in proteolysis and reductions in
skeletal muscle protein synthesis that are mitigated by resistance exercise.
FASEB J 2018; 32:265–275.

19. Beavers KM, Nesbit BA, Kiel JR, et al. Effect of an energy-restricted,
nutritionally complete, higher protein meal plan on body composition and
mobility in older adults with obesity: a randomized controlled trial. J Gerontol A
Biol Sci Med Sci 2019; 74:929–935.

20. Ten Haaf DSM, Eijsvogels TMH, Bongers C, et al. Protein supplementation
improves lean body mass in physically active older adults: a randomized
placebo-controlled trial. J Cachexia Sarcopenia Muscle 2019;
10:298–310.

21. Amamou T, Normandin E, Pouliot J, et al. Effect of a high-protein energy-
restricted diet combined with resistance training on metabolic profile in older
individuals with metabolic impairments. J Nutr Health Aging 2017;
21:67–74.

22. Hudson JL, Zhou J, Kim JE, Campbell WW. Incorporating milk protein isolate
into an energy-restricted western-style eating pattern augments improve-
ments in blood pressure and triglycerides, but not body composition changes
in adults classified as overweight or obese: a randomized controlled trial.
Nutrients 2020; 12:851.

23. Hector AJ, Marcotte GR, Churchward-Venne TA, et al. Whey protein sup-
plementation preserves postprandial myofibrillar protein synthesis during
short-term energy restriction in overweight and obese adults. J Nutr 2015;
145:246–252.

24. Magkos F, Hjorth MF, Asping S, et al. A protein-supplemented very-low-
calorie diet does not mitigate reductions in lean mass and resting metabolic
rate in subjects with overweight or obesity: a randomized controlled trial. Clin
Nutr 2021; 40:5726–5733.

25. Morton RW, Murphy KT, McKellar SR, 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; 52:376–384.

26. Moore DR, Churchward-Venne TA, Witard O, 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;
70:57–62.

27. Moore DR. Maximizing postexercise anabolism: the case for relative protein
intakes. Front Nutr 2019; 6:147.

28. AbouSawanS,NunesEA, LimC,et al.Thehealthbenefits of resistance exercise:
beyond hypertrophy and big weights. Exerc Sport Mov 2023; 1:e00001.

29. Lim C, Nunes EA, Currier BS, et al. An evidence-based narrative review of
mechanisms of resistance exercise-induced human skeletal muscle hyper-
trophy. Med Sci Sports Exerc 2022; 54:1546–1559.

30. Song Z, Moore DR, Hodson N, et al. Resistance exercise initiates mechanistic
target of rapamycin (mTOR) translocation and protein complex co-localisation
in human skeletal muscle. Sci Rep 2017; 7:5028.

31. Villareal DT, Aguirre L, Gurney AB, et al. Aerobic or resistance exercise,
or both, in dieting obese older adults. N Engl J Med 2017;
376:1943–1955.

32.
&

Eglseer D, Traxler M, Embacher S, et al.Nutrition and exercise interventions to
improve body composition for persons with overweight or obesity near
retirement age: a systematic review and network meta-analysis of randomized
controlled trials. Adv Nutr 2023; 14:516–538.

This review focuses on the manipulation of the diet in older adults and shows that
very low-calorie diets could lead to sarcopenic obesity.
1363-1950 Copyright © 2023 The Author(s). Published by Wolters Kluwe
33.
&&

Roth C, Schoenfeld BJ, Behringer M. Lean mass sparing in resistance-trained
athletes during caloric restriction: the role of resistance training volume. Eur J
Appl Physiol 2022; 122:1129–1151.

This study shows that during periods of low caloric intake higher training volume is
advised to preserve lean mass while resistance training.
34. Stokes T, Hector AJ, Morton RW, et al.Recent perspectives regarding the role

of dietary protein for the promotion of muscle hypertrophy with resistance
exercise training. Nutrients 2018; 10:180.

35.
&

Oxfeldt M, Phillips SM, Andersen OE, et al. Low energy availability reduces
myofibrillar and sarcoplasmic muscle protein synthesis in trained females.
J Physiol 2023; 601:3481–3497.

This study shows that following a low-energy diet for 10days results in a reduction
in myofibrillar and sarcoplasmic MPS in trained women.
36. Murphy CH, Churchward-Venne TA, Mitchell CJ, et al. Hypoenergetic diet-

induced reductions in myofibrillar protein synthesis are restored with resis-
tance training and balanced daily protein ingestion in older men. Am J Physiol
Endocrinol Metab 2015; 308:E734–E743.

37. Jo E, Worts PR, Elam ML, et al. Resistance training during a 12-week protein
supplemented VLCD treatment enhances weight-loss outcomes in obese
patients. Clin Nutr 2019; 38:372–382.

38. Longland TM, Oikawa SY, Mitchell CJ, et al. 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; 103:738–746.

39. Hector AJ, Phillips SM. Protein recommendations for weight loss in elite
athletes: a focus on body composition and performance. Int J Sport Nutr Exerc
Metab 2018; 28:170–177.

40. Barakat C, Pearson J, Escalante G, et al. Body recomposition: can trained
individuals build muscle and lose fat at the same time? Strength Condition J
2020; 42:7–21.

41. Huovinen HT, Hulmi JJ, Isolehto J, et al. Body composition and power
performance improved after weight reduction in male athletes without ham-
pering hormonal balance. J Strength Cond Res 2015; 29:29–36.

42.
&&

Kashyap A, Mackay A, Carter B, et al. Investigating the effectiveness of very
low-calorie diets and low-fat vegan diets on weight and glycemic markers in
type 2 diabetes mellitus: a systematic review and meta-analysis. Nutrients
2022; 14:4870.

This review focuses on previous work on diet manipulation in T2D patients and
shows that VLCDs can improve weight loss.
43.
&&

Rafiullah M, Musambil M, David SK. Effect of a very low-carbohydrate
ketogenic diet vs recommended diets in patients with type 2 diabetes: a
meta-analysis. Nutr Rev 2022; 80:488–502.

This review shows that a very low-carbohydrate ketogenic diet improvesweigh loss
even though there was a lack of adherence to carbohydrate restriction.
44.
&

Joo M, Moon S, Lee YS, Kim MG. Effects of very low-carbohydrate ketogenic
diets on lipid profiles in normal-weight (body mass index<25 kg/m2) adults: a
meta-analysis. Nutr Rev 2023; nuad017.

This study suggests that a very low-carbohydrate ketogenic diet can influence lipid
profiles negatively in normal-weight adults.
45.
&

Patikorn C, Saidoung P, Pham T, et al. Effects of ketogenic diet on health
outcomes: an umbrella review of meta-analyses of randomized clinical trials.
BMC Med 2023; 21:196.

This study shows that short-term effects of a very low-carbohydrate ketogenic diet
can positively influence some cardiometabolic parameters, but it is unknown if this
translates into positive long-term effects as well.
46.
&

Margolis LM, Pasiakos SM. Low carbohydrate availability impairs hypertrophy
and anaerobic performance. Curr Opin Clin Nutr Metab Care 2023;
26:347–352.

This study shows that for anaerobic performance it is advised to avoid dietary
strategies that restrict carbohydrate intake.
47. Kim JY. Optimal diet strategies for weight loss and weight loss maintenance.

J Obes Metab Syndr 2021; 30:20–31.
48. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised European

consensus on definition and diagnosis. Age Ageing 2019; 48:16–31.
49.
&

Nunes EA, Colenso-Semple L, McKellar SR, et al. Systematic review and
meta-analysis of protein intake to support muscle mass and function in healthy
adults. J Cachexia Sarcopenia Muscle 2022; 13:795–810.

This study summarizes the effect of increasing protein intake on muscle mass and
function in healthy adults and it is shown that increasing protein intake can lead to
more lean body mass gains when combined with resistance training.
50. Phillips SM, Chevalier S, Leidy HJ. Protein "requirements’’ beyond the RDA:

implications for optimizing health. Appl Physiol NutrMetab2016;41:565–572.
51. Seimon RV, Wild-Taylor AL, Keating SE, et al. Effect of weight loss via severe

vs moderate energy restriction on lean mass and body composition among
postmenopausal women with obesity: the TEMPO Diet Randomized Clinical
Trial. JAMA Netw Open 2019; 2:e1913733.

52. Colleluori G, Villareal DT. Aging, obesity, sarcopenia and the effect of diet and
exercise intervention. Exp Gerontol 2021; 155:111561.
r Health, Inc. www.co-clinicalnutrition.com 527


