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Mitigating muscle loss during weight loss: can nutritional
ketosis make a difference? A call for more research
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Abstract

Weight loss (WL) has an important role in managing obesity and type 2 diabetes, but
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preserving lean body mass (LBM) during WL is essential for maintaining muscle func-
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tion and metabolic health. Significant WL with incretin mimetic-based therapies, simi-
lar to bariatric surgery, raises concerns regarding disproportionate LBM loss, which
may lead to physical frailty. Recent analyses have suggested that high adherence to a
ketogenic diet may mitigate LBM loss while improving physical function, even with
substantial WL. However, more research is needed to understand the mechanisms
behind LBM preservation in nutritional ketosis and the role of other lifestyle inter-
ventions. Future studies of pharmacological, surgical, and lifestyle-driven WL inter-
ventions should also assess LBM, physical function, and frailty. Research in this area

is essential for developing strategies that optimize patient outcomes, especially for

INTRODUCTION

Weight loss (WL) is associated with improved management of type 2
diabetes and obesity. However, preserving lean body mass (LBM)
during significant WL mitigates the decline in physical strength and
metabolic rate that can accompany substantial WL, leading to better
long-term outcomes. However, it is expected that the reduction of
some excess muscle mass during WL, especially in those with obe-
sity, is considered beneficial and might not directly correlate with a
decrease in physical function or muscle strength [1]. Typically, for
every kilogram of WL, ~75% comes from fat mass and 25% from
lean mass, reflecting a 3:1 ratio [2]. However, the significant WL
associated with incretin mimetic-based antiobesity medications, sim-
ilar to the results seen with bariatric surgery, has recently raised con-
cerns regarding excess loss of lean tissue, accounting for 25% to
40% of total WL, as well as negative effects on physical function and
the risk of treatment-induced physical “frailty” [3]. This highlights
the importance of future WL research focusing not only on body
composition but also on physical function and mobility. The impact

those who are considering their options for the treatment of obesity.

of incretin mimetics on LBM has also sparked interest in developing
adjunctive therapies to counteract the reduction in LBM and skeletal
muscle mass, such as therapies targeting activin receptors or the
myostatin pathway [4]. Although these pharmaceutical approaches
are potentially promising, the essential role of lifestyle interventions
should not be overlooked.

NUTRITIONAL KETOSIS AND LBM

A recent post hoc analysis of data that were previously published [5]
suggests that achieving and maintaining nutritional ketosis, which is
associated with greater WL, may help preserve lean mass. The analy-
sis assessed changes in lower extremity lean mass (LELM) across dif-
ferent ketosis trajectory classes, finding that participants with higher
ketosis experienced greater WL but had a lower proportion of LELM
loss relative to total WL compared with those with lower adherence
(Table 1) [6]. These findings are consistent with multiple studies that
have demonstrated protein sparing effects of ketones [7, 8].
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In order to further explore the impact of ketosis on total body
lean mass and physical functioning, a subset of participants from the
original study was examined (unpublished data). Full body composi-
tion data were not available for all participants due to insufficient
scanning area of dual-energy x-ray absorptiometry to image the entire
body of some large participants [5]. The subset of participants had
complete body composition data and data on changes in physical
functioning that were assessed using the following two subscales of
the knee injury and osteoarthritis outcome score (KOOS): activities
of daily living (ADL); and sports and recreation (Sports.Rec) [9].

Changes in weight and body composition were primarily observed at

TABLE 1 Changesin LELM and total LBM in participants
following a well-formulated ketogenic diet.

LELM changes

Ketosis trajectory LELM LELM:
classes WL, % loss, % WL, %
SNK, n =17 —21.0%** -7.0 4.7
MDNK, n = 99 —12.4*** —-4.5 5.7
LNK, n = 105 —8.6** —6.6* 125
UNK, n = 27 -10.7 —-6.3 9.5
LBM changes

LBM:
Early ketone adherence total
groups Total mass LBM mass
(unpublished data) loss, % loss, % loss, %
High (21.0 mM), n = 10 —16.7** 74 235
Moderate (0.5- —12.1%** -5.3 24.5
0.99 mM),n = 32
Low (<0.5 mM), n = 59 —10.3*** —5.0* 27.0

Note: LELM changes were assessed in the original cohort of 248
participants with type 2 diabetes from the initial study [5]. Total LBM
changes were assessed in a subset of participants with type 2 diabetes
and prediabetes (n = 101) from the original clinical trial who had full body
composition data available. LELM: WL (%) refers to the percentage of
LELM loss relative to total WL. WL for this parameter was calculated using
weights collected at clinic visits during the assessment periods. LBM: total
mass loss (%) refers to the percentage of total LBM loss relative to total
mass loss. Total mass loss for this parameter was calculated based on total
mass estimated from dual-energy x-ray absorptiometry measurements.
Between-group differences and within-group changes in weight, LELM,
total mass, and LBM were assessed using a linear mixed-effects model
with age, gender, and race and ethnicity as covariates. Between-group
differences in LELM: WL (%) and LBM: total mass loss (%) were assessed
using a general linear model with age, gender, and race and ethnicity as
covariates. P values were nonsignificant for cells without asterisks. There
were no significant between-group differences in weight, LELM, total
mass, LBM, LELM: WL (%), and LBM: total mass loss (%).

Abbreviations: LBM, lean body mass; LELM, lower extremity lean mass;
LNK, low nutritional ketosis; MDNK, moderately decreasing nutritional
ketosis; SNK, sustained nutritional ketosis; UNK, unsustained nutritional
ketosis; WL, weight loss.

***p < 0.001.

**p < 0.01.

*p < 0.05 (all for within-group changes in weight, LELM, total mass,

and LBM).

1 year, with maintenance from 1 to 2 years. The analysis included
101 participants, 65 with type 2 diabetes and 36 with prediabetes.
Over 1 year, participants experienced an average WL of 11.6% and a
5.2% LBM loss, accounting for 25% of the total WL, which aligns with
the expected 3:1 ratio of fat mass to LBM loss. These participants also
showed a 4.8% and 10.4% increase in KOOS ADL and Sports.Rec
scores, respectively, suggesting that the decrease in total body mass
and lean mass was accompanied by improvements in physical
function.

In order to determine whether our previously observed trend
between ketosis adherence and LELM preservation carried over to
this cohort (n = 101), we stratified participants into three groups
based on early ketosis adherence, i.e., low, <0.5 mM; moderate,
0.5 to 0.99 mM; and high, 21.0 mM. The results showed that
higher ketosis adherence was associated with greater WL com-
pared with the moderate and lower ketosis adherence groups,
whereas the proportion of LBM loss relative to total WL slightly
decreased with increasing ketosis adherence (Figure 1A; Table 1).
These changes were accompanied by increased physical function-
ing in all three groups, as indicated by improvements in KOOS ADL
and Sports.Rec scores (Figure 1B).

These preliminary findings suggest that increased adherence
to ketosis may mitigate LBM loss while simultaneously improving
physical function, even with a greater degree of WL. Despite the
early stage of these data and the limitations of the analysis, such
as a limited sample size, lack of a control group, and the fact that
the study was not specifically powered for body composition anal-
ysis, these intriguing results warrant further investigation, espe-
cially given their corroboration with other published studies. For
example, several studies using a hypocaloric carbohydrate restric-
tion diet have reported preservation of LBM with greater fat loss
[10, 11] for up to 1 year [12]. Another study in normal-weight men
reported an increase in lean mass following a 6-week carbohydrate
restriction intervention [13]. Hypothetical mechanisms by which
ketosis may preserve LBM include direct effects on the mammalian
target of rapamycin complex 1 (mTORC1) signaling pathway [14]
or decreased leucine oxidation, which increases the availability of
essential branched-chain amino acids [15]. Therefore, more
research is needed to explore how lifestyle modifications and spe-
cific nutritional strategies, such as a ketogenic diet, could be used
adjunctively to prevent lean mass loss in individuals treated with
highly potent incretin mimetics.

OTHER LIFESTYLE CONSIDERATIONS

Although nutritional strategies are important, combining them with life-
style changes such as regular physical activity and a structured exercise
regimen can significantly enhance their benefits, particularly for pre-
serving lean mass. Research primarily conducted over shorter durations
indicates that pairing a ketogenic diet with resistance training or
interval-based exercise supports LBM while promoting fat loss,

decreasing visceral adiposity, and improving insulin sensitivity and
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(A) Effect of WL from ketogenic diet, stratified by early ketosis adherence (low ketosis, <0.5 mM; moderate ketosis, 0.5-0.99 mM;

and high ketosis, 21.0 mM), on body composition. (B) Effect of WL from ketogenic diet stratified by early ketosis adherence on KOOS activities of
daily living and KOOS sports and recreation. KOOS, knee injury and osteoarthritis outcomes score; WL, weight loss. [Color figure can be viewed

at wileyonlinelibrary.com]

overall metabolic health [16, 17]. This comprehensive approach to body
composition management maximizes fat loss while maintaining muscle
mass and function. Additionally, ensuring adequate, but not excessive,
protein intake (i.e., 1.2-1.5 g/kg reference weight) from high-quality
sources that are rich in essential amino acids such as leucine can further
mitigate the loss of LBM [14]. For those who struggle to increase
endogenous ketone levels through carbohydrate restriction, exogenous
ketone supplementation may be a valuable option [18]. This strategy
can help induce ketonemia, hypothetically supporting both LBM preser-
vation and overall metabolic health during WL.

CONCLUSION

There is a critical need for research examining the interaction
between specific nutritional interventions and glucagon-like peptide-1
(GLP-1) therapy to better understand the role of various lifestyle
interventions in preserving lean mass. Future studies should focus not
only on the effects on lean mass but also include assessments of phys-
ical function and frailty, particularly through objective measures such
as the handgrip strength test and sit-to-stand test. Additionally, these

studies should incorporate advanced body composition methods such


http://wileyonlinelibrary.com

NUTRITIONAL INTERVENTION AND LEAN BODY MASS

“ |WILEY_JOI WO

as magnetic resonance imaging to overcome the limitations of dual-
energy x-ray absorptiometry, as well as explore emerging approaches
such as Visual Body Composition [19] to evaluate their reliability and

potential for use in patient care.O
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