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Key summary points

Aim to provide an updated and systematic map of the available evidence on the role of the circadian timing system in sarcopenia, 
specifically related to the aging process.
Findings we selected 17 primary research studies on human persons, focusing on cortisol and melatonin secretion, rest-activity 
rhythms, chrono-exercise, and chrono-dietary regimens, 9 primary research studies on animal models (mice, rats, fruit flies) focus-
ing on direct expression measurement or mutations of core clock genes, and 11 narrative reviews.
Message While several reports supported the role of the circadian timing system in sarcopenia, specifically related to the aging 
process, the available evidence is fragmented and limited. The field is open to preclinical and clinical research that should optimize 
research and clinical protocols to address the limitations of previously published work.

Abstract
Purpose Sarcopenia is a progressive and generalized skeletal muscle disorder, involving the accelerated loss of skeletal muscle 
mass and function, associated with an increased probability of adverse outcomes including falls. The circadian timing system may 
be involved in molecular pathways leading to sarcopenia in older adults. We aimed to provide an updated and systematic map of 
the available evidence on the role of the circadian timing system in sarcopenia, specifically related to the aging process.
Methods We developed a scoping review protocol following the PRISMA-ScR guidelines. Searches were conducted on PubMed, 
Scopus, Web of Science,
Results We identified 373 papers from three online databases, screened 97 for full-text analysis. and selected 37 papers for inclusion. 
These papers included 17 primary research studies on human persons, focusing on cortisol and melatonin secretion, rest-activity 
rhythms, chrono-exercise, and chrono-dietary regimens, 9 primary research studies on animal models (mice, rats, fruit flies) focus-
ing on direct expression measurement or mutations of core clock genes, and 11 narrative reviews.
Conclusion While several reports supported the role of the circadian timing system in sarcopenia, specifically related to the aging 
process, the available evidence is fragmented and limited. The field is thus open to preclinical and clinical research that addresses 
the wide knowledge gaps in the available evidence, taking advantage of what has already been published to optimize and refine 
experimental and clinical protocols.
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Introduction

Sarcopenia is a progressive and generalized skeletal mus-
cle disorder, involving the accelerated loss of skeletal mus-
cle mass and function, and is associated with an increased 
probability of adverse outcomes including falls, fractures, 
physical disability and mortality [1, 2]. Several operative 
definitions of sarcopenia have been published, including 
the Asian Working Group for Sarcopenia (AWGS) criteria 
[3], the Foundation for the National Institutes of Health 
Sarcopenia Project (FNIH) criteria [4], and the European 
Working Group on Sarcopenia in Older People (EWGSOP) 
criteria [5], which were revised and updated in 2019 [6]. 
The Global Leadership Initiative in Sarcopenia (GLIS) 
was launched as a collaborative effort to establish a glob-
ally accepted conceptual definition of sarcopenia and 
standardize commonly used terms [7, 8].

Although sarcopenia may occur at all ages and may also 
occur in children [9], it is especially prevalent in older 
adults, with important implications for public health [6].

The circadian timing system is composed of self-sus-
tained oscillators in the suprachiasmatic nucleus of the 
hypothalamus (SCN), which serves as the master body 
clock, and in peripheral nucleated cells [10]. The SCN 
clock drives circadian rest-activity cycles and is entrained 
by the photoperiod. In turn, peripheral biological clocks 
are entrained by the master clock in the SCN through 
humoral and neuronal signals and the effects of feeding 
and fasting [10]. The circadian timing system modulates 
multiple physiological variables including the sleep–wake 
cycle and the secretion of hormones such as cortisol and 
melatonin. In the absence of time cues (Zeitgeber), the cir-
cadian timing system “free-runs” with an intrinsic period 
close to 24 h, whereas if the organism is exposed to and 
may detect the environmental Zeitgeber, the circadian tim-
ing system typically assumes the 24-h period of oscillation 
of ambient light. Alterations in the circadian timing system 
entail multiple adverse effects, including cardiometabolic 
risk. Taking advantage of or correcting alterations in the 
circadian timing system may, therefore, entail health ben-
efits [11].

Considering the pervasiveness of the circadian timing 
system and the adverse consequences of its disruption, it 
is conceivable that this system is involved in the molecu-
lar pathways leading to sarcopenia in older adults. Due to 
the conservation of the circadian timing system in different 
organisms, important insights may be gained by integrating 
evidence on human persons and preclinical model systems. 
We reasoned that an updated and comprehensive overview 
of the published literature on this topic would be useful to 
identify knowledge gaps and help design experiments and 
clinical studies.

We thus aimed to provide an updated and systematic map 
of the available evidence on the role of the circadian tim-
ing system in sarcopenia, specifically related to the aging 
process. We designed and performed a scoping review to 
answer the following questions:

• What evidence is available on human persons?
• What evidence is available on non-human primates, 

rodents, invertebrates, or cell systems?
• What evidence is specifically available on muscle func-

tion, muscle mass, muscle quality (a general term broadly 
describing qualities of muscle beyond mass that can 
include histological, imaging, metabolic, or functional/
impairment assessments [8]), and physical performance, 
as per the EWGSOP2 operative definition of sarcopenia 
[6]?

• What evidence addresses interactions among the cir-
cadian timing system, sarcopenia variables, and sleep, 
nutrition, exercise, or sex/gender?

• How much reviewed is the field, at least in terms of nar-
rative reviews?

Methods

Protocol and registration

The study protocol of this review was developed follow-
ing the PRISMA-ScR guidelines [12]. Although designed 
for systematic reviews, the PRISMA-P guidelines were also 
applied to this scoping review area [13]. The study proto-
col was deposited on the Open Science Foundation website 
(https:// osf. io/; https:// doi. org/ 10. 17605/ OSF. IO/ TNQXR).

Eligibility criteria

Articles were included in the study if they satisfied both of 
the following inclusion criteria:

• peer-reviewed research papers, letters, conference 
abstracts, relevant reviews, editorials, and commentaries;

• articles with explicit reference to the circadian timing 
system, the aging process, and either sarcopenia or at 
least one of the sarcopenia domains, i.e. muscle function, 
muscle mass, muscle quality, and physical performance.

Articles were excluded if written in languages other than 
English, French, German, and Italian.

https://osf.io/
https://doi.org/10.17605/OSF.IO/TNQXR
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Information sources and search strategies

In March 2024, systematic electronic searches were con-
ducted in the following databases:

• MEDLINE and PubMed Central (PMC), searched 
through PubMed;

• SCOPUS;
• Web of Science searched through Clarivate Analytics.

Detailed search terms for each database are available in 
the supplementary material as Appendix I.

Selection of sources of evidence

After the removal of duplicate entries, the selection was 
performed in parallel and independently by two researchers 
based on title and abstract. In particular, the entries were 
divided into 2 groups, each of which was scored by one 
author with a medical geriatrics background (RDT, FP). A 
third author (AS) with a physiology background reviewed 
the entries of all groups. Disagreement was resolved by dis-
cussion of the whole author panel.

Data charting process, data items, and synthesis 
of results

Data charting was performed in parallel and independently 
by two researchers based on a form preliminarily evalu-
ated on a random selection of 5 entries, following the same 
strategy as for the selection of the sources of evidence. All 
variables for which data were sought are provided in the 
supplementary material as Appendix II.

Data extracted from the review were grouped into the 
following categories:

• data on human persons;
• data on non-human primates, rodents, invertebrates, or 

cell systems;
• data on the interactions among the circadian timing sys-

tem, sarcopenia variables, and sleep, nutrition, exercise, 
or sex/gender;

• data on muscle function, muscle mass, muscle quality, 
and physical performance, as per the EWGSOP2 opera-
tive definition of sarcopenia.

A narrative synthesis approach was taken to summarize 
the data in each group.

The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses extension for Scoping Reviews 
(PRISMA-ScR) Checklist [12] is included as supplemen-
tary material.

Results

Search results

We identified 373 articles from the online databases and 
screened 97 for full-text analysis. The study selection pro-
cess is presented in Fig. 1.

What evidence is available on human persons?

We selected and retrieved 17 papers on human persons. The 
available evidence is summarized in Table 1. To date, only 
four papers explicitly mentioned sarcopenia [14–17]. In the 
other 13 included papers, at least one of the sarcopenia vari-
ables defined by EWGSOP2 [6] was assessed. These stud-
ies mostly relied on the measurement of hormones under 
strong circadian control (i.e., cortisol, melatonin) as a proxy 
of circadian timing system function. From 2018 onwards, 
this approach has been complemented by the analysis of 
rest-activity rhythms based on wearable accelerometers and 
by chrono-exercise and chrono-dietary programs (Fig. 2).

Hormone secretion

Among the circadian timing system variables, hormone 
secretion was the most frequently evaluated, with a signifi-
cant number of studies focusing on salivary cortisol levels. 
These studies generally agreed on the association between 
a higher diurnal cortisol drop (i.e., a greater difference 
between morning and evening cortisol concentration) and 
lower night-time cortisol level with better physical per-
formance [15, 18, 19, 22, 25]. A larger diurnal cortisol 
drop was associated with a faster gait speed test and a 
quicker chair rise time also in an individual participant 
data metanalysis from six studies on older adults [21]. 
There is conflicting evidence about other parameters, 
especially the cortisol awakening response. This may be 
attributed, among other factors, to methodological differ-
ences, such as the use of a single-day protocol with one 
cortisol measurement [15, 18, 22] versus a more precise 
protocol wherein at least two samples were collected on 
two separate days [19].

To date, only two studies have focused on melatonin, 
also a hormone under strong circadian control, with dis-
cordant findings [23, 24]. In one study, among a popula-
tion of 2821 older men, no statistically significant asso-
ciations were found among urinary melatonin excretion 
levels, grip strength, gait speed, and performance at the 
chair stand test [23]. Conversely, in another study, higher 
urinary melatonin excretion was associated with higher 
grip strength [24].
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Rest‑activity rhythm

Three studies [17, 27, 29] investigated associations between 
sarcopenia variables and nonparametric metrics of the 
rest-activity rhythm. The first study reported that in par-
ticipants with sarcopenia, gait speed correlated negatively 
with intra-day variability, indicating worse performance 
with rhythm fragmentation, and correlated positively with 
relative amplitude and activity in the most active 10-h 
span, indicating better performance with wider rest-activity 
rhythm and with higher daily activity levels. On the other 
hand, the skeletal muscle mass index correlated negatively 
with inter-daily stability, indicating lower muscle mass 

with worse synchronization to time cues [17]. In the second 
study, female participants with lower relative amplitude of 
the rest-activity rhythm were characterized by lower grip 
strength [29]. Conversely, no statistically significant associa-
tion between grip strength or gait speed and nonparametric 
metrics of the rest-activity rhythm was found in a third study 
[27].

Chrono‑exercise

The effects of chrono-exercise were evaluated by two stud-
ies [16, 28]. In the first study, a group of older women was 
divided into morning or evening study groups and engaged 

Fig. 1  PRISMA flow diagram of the study selection process. The flow diagram was based on Moher et  al. [13] according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [12]
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in a 12-week progressive strength-training program [16]. 
No significant differences in muscle strength and physical 
performance tests were observed between the groups. How-
ever, the morning training group increased muscle mass as 
evaluated with bioelectrical impedance analysis, suggesting 
that a strength training program performed in the morning 
may be beneficial for muscle trophism. The second study 
reported an association between faster gait speed and even-
ing participation in moderate-to-vigorous physical activity 
in older adults (70% females) [28].

Chrono‑dietary programs

One study [14] cross-sectionally investigated women aged 
65 years or higher without sarcopenia, who were grouped 
according to their prevalent dietary protein assumption for 
breakfast or for dinner. The women who assumed more pro-
teins for dinner than for breakfast had significantly higher 
skeletal muscle index and grip strength. However, causality 
and relevance to older participants already affected by sar-
copenia are unclear due to experimental design.

What evidence is available on non‑human primates, 
rodents, invertebrates, or cell systems?

The available evidence on preclinical models is summarized 
in Table 2. We selected and retrieved nine papers on pre-
clinical models, all of which focused on circadian clock gene 
expression. With the exceptions of the studies by Hunt et al. 
[35], on flies, and by Liang et al. [37], on rats, all studies 
were performed on mice.

Four papers on mice addressed the role of the core clock 
gene Bmal1 in age-related sarcopenia either at whole-body 
level [31, 32] or selectively at the level of skeletal muscles 
[33, 34]. Kondratov et al. [31] reported that Bmal1 knock-
out (KO) mice with whole-body deficiency of Bmal1, a core 
circadian clock gene, had impaired circadian timing system, 
decreased lifespan, and age-dependent increases in reactive 
oxygen species. Bmal1-KO mice also developed age-related 
decreases in skeletal muscle mass and fiber number and 
diameter, consistent with the development of sarcopenia. 
In a later study, the same group reported that lifelong anti-
oxidant treatment of Bmal1-KO mice partly prevented their 
decrease in lifespan, but had no significant effect on their 

Fig. 2  Publication dates of studies on human persons grouped according to the circadian timing system variables of interest
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age-related decrease in grip strength [32]. These data sug-
gest that increased oxidative stress is not an essential link 
between Bmal1 expression and decreased skeletal muscle 
strength in mice. Schroder et al. [33] reported that a genetic 
mouse model lacking Bmal1 selectively in skeletal mus-
cles starting from adulthood had decreased skeletal muscle 
strength and showed muscle fibrosis and fewer glycolytic 
type IIb muscle fibers in old age. Conversely, Nakao et al. 
[34] reported that a different genetic mouse model lacking 
Bmal1 selectively in skeletal muscles from conception had 
a skeletal muscle mass in old age that did not differ signifi-
cantly from that of control animals. Overall, results on the 
causal role of skeletal muscle Bmal1 in age-related sarcope-
nia thus appear contrasting in mice.

The association between the circadian timing system in 
the skeletal muscle and sarcopenia is supported by a study 
on Drosophila melanogaster [35]. Experimental overexpres-
sion of the core clock gene tim in skeletal muscles extended 
fly lifespan, and fly strains selected for increased lifespan 
had slower age-related declines in physical function and 
upregulation of the core clock genes tim and per in the skel-
etal muscles.

Four studies on older mice and rats explored the effects 
of exercise or pharmacological interventions on variables 
related to sarcopenia and on core clock genes in skeletal mus-
cles and liver. Nohara et al. [36] found that treating old mice 
with a flavonoid increased the median lifespan and the peak 
daily spontaneous activity on a running wheel, whereas grip 
strength and endurance on a treadmill were not significantly 
affected. The flavonoid treatment also increased skeletal mus-
cle expression of Bmal1 and Dec1, a clock output gene. Liang 
et al. [37] reported that a range of exercise interventions in 
older rats increased skeletal muscle mass and fiber cross-sec-
tional area and led to differential expression of skeletal mus-
cle miRNAs. Functional enrichment analysis of miRNA gene 
targets revealed genes involved in the circadian timing system. 
With a similar experimental design, Pinto et al. [38] reported 
that an exercise intervention in older mice increased physi-
cal performance, evaluated with an incremental load test on a 
treadmill, and skeletal muscle strength, evaluated with a grip 
force test. The exercise treatment also ameliorated alterations 
in the expression of Bmal1 and Cry1 circadian clock genes in 
the liver. A similar conclusion is suggested by the results of 
Shresta et al. [39], who reported that an experimental immuno-
therapeutic intervention in older mice increased gait speed and 
grip strength and modulated the liver expression of circadian 
clock genes. However, the causality of the association between 
the circadian timing system of the liver and sarcopenia vari-
ables was not demonstrated, and the effects included both gene 
upregulation (Per, Cry, Nr1d1, Nr1d2, and Dbp) and down-
regulation (Bmal1 and Npas2).

What evidence is specifically available on muscle 
function, muscle mass, and physical performance, 
as per the EWGSOP2 operative definition 
of sarcopenia?

As regards the assessment of the sarcopenia variables included 
in the EWGSOP2 operative definition of sarcopenia, muscle 
function and physical performance were the most investigated 
in the selected studies on human persons, as shown in Fig. 3.

Muscle mass, i.e., the “confirm” step of the diagnostic path-
way of sarcopenia, were assessed only in five studies [14–17, 
29], none of which employed computed tomography or mag-
netic resonance imaging as a specific measurement tool.

Three studies [15–17] evaluated sarcopenia more glob-
ally, without focusing on a single sarcopenia-related variable. 
These studies referred to different diagnostic criteria, i.e. the 
EWGSOP criteria [5], the EWGSOP-2 criteria [6], the Foun-
dation for the National Institutes of Health Sarcopenia Project 
(FNIH) criteria [4] and the Asian Working Group for Sarco-
penia (AWGS) criteria [3]. These criteria differ both in terms 
of cut-off values and partly in the diagnostic pathway, result-
ing in a different prevalence of sarcopenia in the same study 
population when multiple criteria are used, as in Gonzalez 
Rodriguez et al. [15], where both the EWGSOP-2 criteria [6] 
and the FNIH criteria [4] were adopted.

Surprisingly, none of the other retrieved studies on human 
persons explicitly referred to any sarcopenia reference values 
or diagnostic criteria.

In animal models, metrics of muscle mass were assessed in 
three studies, metrics of muscle quality specifically related to 
histological assessments were reported by four studies, metrics 
of muscle function were assessed in five studies, and metrics of 
physical performance were assessed in four studies.

What evidence addresses interactions 
among the circadian timing system, sarcopenia 
variables, and sleep, nutrition, exercise, or sex/
gender?

Sleep

Sleep was addressed in the study by Lee et al. [29], which 
found that longer sleep duration was associated with lower 
muscle mass and hand-grip strength, especially in older 
women. Moreover, Nohara et al. [36] showed that flavonoid 
treatment of older mice restored mean sleep bout duration, 
but not total sleep time, to levels seen in young mice. How-
ever, interactions among the circadian timing system, sarco-
penia and sleep in older adults were not formally addressed 
by either of these studies.
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Nutrition

Nutrition was addressed by the study by Aoyama et al. [14], 
which reported on the effects of greater protein intake for 
breakfast or for dinner in older women. However, the study 
lacked an independent metric of the circadian phase, pre-
cluding a meaningful analysis of interactions between the 
circadian timing system and nutrition.

Exercise

The lack of an independent metric of the circadian phase, a 
key parameter of the circadian timing system, also precluded 
a meaningful analysis of exercise-circadian interactions in 
studies of chrono-exercise on human persons [16, 28]. On 
the other hand, the studies on rodents by Liang et al. [37] 
and Pinto et al. [38] did include direct readouts of circadian 
molecular clock machinery, demonstrating that exercise 
regimens modulated the circadian timing system in skeletal 
muscles and the liver in older animals.

Sex or gender

Evidence specifically addressing interactions among the 
circadian timing system, sarcopenia variables, and sex or 
gender in older adults is limited, making it difficult to draw 
definite conclusions. Eight studies focused only on males 
(human persons: [19, 21, 23]; animal models: [34–38]), 
whereas three studies focused only on females (human per-
sons: [14–16]). Among studies on animal models, Kondratov 
et al. [31] excluded sex-dependent effects only on mortality 
in mice, whereas effects of sex were incompletely or not 
reported by Kondratov et al. [32], Schroder et al. [33], and 

Shresta et al. [39]. Some studies on human persons simply 
adjusted statistically for potential confounding effects of 
sex [17, 22, 26–28, 30]. Other studies on human persons 
explicitly addressed the effects of sex/gender. In particular, 
Kumari et al. [18] reported that the probability of showing 
a raised cortisol profile was higher in men. Heaney et al. 
[20] did not find significant statistical effects of sex in older 
adults. Obayashi et al. [24] reported that overnight urinary 
6-sulfatoxymelatonin excretion (UME) was higher in men; 
moreover, both grip strength and quadriceps muscle strength 
increased with UME in men, whereas only grip strength did 
in women. Sousa et al. [25] found stronger cortisol differ-
ences between high and low physical performance groups 
in women than in men but lacked the statistical power to 
fully examine the relevant statistical interactions. Finally, 
Lee et al. [29] reported associations between longer sleep 
duration and lower muscle mass and hand-grip strength and 
between lower rest-activity rhythm relative amplitude and 
lower hand-grip strength especially among older female 
participants.

How much reviewed is the field, at least in terms 
of narrative reviews?

We found 11 narrative reviews mainly focusing on the 
molecular links between circadian timing system disrup-
tion and skeletal muscle aging [40–50]. In particular, two of 
these reviews were focused on hormone secretion, discuss-
ing the molecular links between melatonin and the muscu-
lar clock genes and suggesting a potential therapeutic role 
of melatonin against skeletal muscle atrophy [46, 50]. In 
another review, a hypothetical role of the nicotinamide ade-
nine dinucleotide (NAD+) on the rejuvenation of the muscle 

Fig. 3  Sarcopenia variables specifically investigated by retrieved 
studies on the link between the circadian timing system and sarcope-
nia. A Sarcopenia variables evaluated in the selected studies; B Tool/
test performed in the selected studies to assess sarcopenia variables. 

GST grip strength test, CST chair stand test, GS gait speed, TUG  
timed-up-and-go test, BIA bioelectrical impedance analysis, SPPB 
short physical performance battery, DXA dual-energy X-ray absorp-
tiometry
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clock was discussed, with possible therapeutic implications 
[49]. The therapeutic potential of chrono-nutrition against 
age-related muscle dysfunctions, e.g. timed-restricted feed-
ing, was discussed in three other reviews [40, 43, 44]. How-
ever, all these hypotheses were mainly based on studies of 
the physiology of cellular aging, rather than on evidence 
on human persons. To date, no scoping review, systematic 
review, or meta-analysis connecting sarcopenia, the circa-
dian timing system, and aging in human persons has been 
released.

Discussion

Summary of evidence

We performed a scoping review to provide an updated and 
systematic map of published evidence on the role of the cir-
cadian timing system in sarcopenia, specifically related to 
the aging process. We found that despite the clinical rel-
evance of sarcopenia in older adults and the widespread 
interest in circadian research, published studies explicitly 
addressing the circadian timing system, the aging process, 
and sarcopenia are relatively few and have several significant 
limitations.

Research on human persons focused on the secretion of 
cortisol and melatonin, rest-activity rhythms, chrono-exer-
cise, and chrono-dietary programs (Table 1). Cortisol and 
melatonin are under strong circadian control. However, other 
factors such as stress and sleep or ambient light modulate 
the secretion of cortisol and melatonin, respectively, poten-
tially masking direct circadian control. Studies on human 
persons focusing on morning vs. evening exercise or dietary 
programs may be relevant to circadian control, as shown by 
studies on rodent models [37, 38], but cannot provide hard 
evidence in the absence of independent markers of circa-
dian phase, a key parameter of the circadian timing system. 
Evidence on associations between sarcopenia and different 
chronotypes, i.e. morning vs. evening chronotypes, has not 
been widely evaluated and remains controversial [27]. Most 
studies on human persons were also limited by the lack of 
explicit operative definition of sarcopenia, by differences 
in the variables and tools employed to characterize muscle 
structure and function, and by the lack of measurement and 
consideration of potential confounders such as sleep, nutri-
tion, exercise, and age/gender.

Research on animal models mainly involved mouse mod-
els, with single reports on rat and fly models. These studies 
had the advantage of directly addressing the circadian tim-
ing system by measuring oscillations in core clock genes or 

by studying organisms with mutations in core clock genes. 
However, core clock genes include transcription factors, 
such as Bmal1, that may also have non-circadian effects [51]. 
Moreover, recent data support the redundancy of the circa-
dian timing system, with circadian rhythms persisting at the 
cellular level at the transcriptome, proteome, and phospho-
proteome levels in the absence of Bmal1 expression and of 
environmental Zeitgeber [52]. Combining the characteriza-
tion of the circadian timing system at the molecular level in 
the skeletal muscles and/or other tissues with functional cir-
cadian timing system readouts at the organism and/or tissue 
level would afford a more complete assessment of circadian 
alterations in animal models. Moreover, the inclusion of ani-
mal models of different ages is needed for the precise char-
acterization of the age-related development of sarcopenia.

Based on the scope and limitations of the selected stud-
ies, a proposed research agenda for further studies on the 
role of the circadian timing system in sarcopenia specifically 
related to the aging process may be suggested. The limited 
scope and the methodological heterogeneity of the available 
evidence represent significant complications with respect to 
performing systematic reviews and meta-analyses of pub-
lished evidence at this stage. Indeed, the number of narrative 
reviews addressing the circadian timing system, aging and 
sarcopenia attests to the interest of the topic but is relatively 
high with respect to the published primary research. The 
field is, therefore, open to human and basic primary research 
on the role of the circadian timing system in age-related 
sarcopenia.

Human studies should globally evaluate sarcopenia, as 
opposed to its individual defining variables, and increase 
adherence to the international diagnostic criteria of sarco-
penia. Studies with unmasking protocols such as constant 
routine or forced desynchrony are hardly practical in older 
adults with sarcopenia. However, evaluation of more than 
one circadian timing system variable in the same study 
would be desirable both in studies on humans and on ani-
mal models, particularly those involving chrono-exercise 
or chrono-dietary regimens, and so would the recording of 
environmental and in-house light exposure in studies on 
human persons. Finally, the study design should allow suf-
ficient statistical power to evaluate any interaction among 
the circadian timing system, sarcopenia and sleep, nutrition, 
exercise, or sex/gender, whenever possible.

Strengths and limitations

The points of strength of our study include a systematic 
approach, the use of broad eligibility criteria to minimize 
the exclusion of relevant studies, the search conducted 
on multiple databases, and the research team including 
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authors with expertise in translational research and dif-
ferent backgrounds including geriatrics and physiology. 
A possible limitation of our study is that our inclusion 
criterion that the retrieved entries make explicit reference 
to the circadian timing system, the aging process, and sar-
copenia excluded studies in which one or more of these 
three domains were only marginally addressed. In mitiga-
tion, this approach should have enhanced the relevance of 
the included studies. Another limitation is that no quality 
appraisal of the selected studies was performed, although 
this is not a specific requirement of scoping reviews.

Conclusions

In conclusion, we provided the first systematic map of 
published evidence on the role of the circadian timing sys-
tem in sarcopenia, specifically related to the aging process. 
We found several reports on human persons and animal 
models supporting indirectly or directly the role of the cir-
cadian timing system in sarcopenia, specifically related to 
the aging process. However, our scoping review revealed 
the relative paucity of published studies on this topic, 
which is potentially relevant both from the perspective 
of health care and from that of leveraging or correcting 
the circadian timing system to slow or revert age-related 
sarcopenia. The field is thus open to preclinical and clini-
cal research that addresses the wide knowledge gaps in the 
available evidence, taking advantage of what has already 
been published to optimize and refine experimental and 
clinical protocols.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s41999- 024- 01129-0.

Author contributions A.S. and F.P. contributed to the conceptualiza-
tion and drafted the manuscript; A.S. performed the literature search; 
A.S., F.P., and R.D.T. screened the studies based on eligibility criteria; 
G.B., Y.D. and M.D. provided feedback on the manuscript prepara-
tion. All authors have read and agreed to the published version of the 
manuscript.

Funding Open access funding provided by Karolinska Institute. This 
research was co-funded by the Next Generation EU—“Age-It—Age-
ing well in an ageing society” project (PE0000015), National Recov-
ery and Resilience Plan (NRRP)—PE8—Mission 4, C2, Intervention 
1.3", CUP (Unique Project Code): J33C22002900006 and by the Ital-
ian Complementary National Plan PNC-1.1 “Research initiatives for 
innovative technologies and pathways in the health and welfare sector” 
D.D. 931 of 06/06/2022, “DARE—DigitAl lifelong pRvEntion” ini-
tiative, code PNC0000002, CUP: B53C22006450001. The views and 
opinions expressed are only those of the authors and do not necessar-
ily reflect those of the European Union or the European Commission. 
Neither the European Union nor the European Commission can be held 
responsible for them.

Data availability All data relevant to the study are included in the arti-
cle or uploaded as online supplemental information.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval and informed consent For the present study no ethics 
committee approval nor informed consent was required.

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

References

 1. Cruz-Jentoft AJ, Sayer AA (2019) Sarcopenia. Lancet 393:2636–
2646. https:// doi. org/ 10. 1016/ S0140- 6736(19) 31138-9

 2. Sayer AA, Cooper R, Arai H, Cawthon PM, Ntsama Essomba M-J, 
Fielding RA et al (2024) Sarcopenia. Nat Rev Dis Primer 10:68. 
https:// doi. org/ 10. 1038/ s41572- 024- 00550-w

 3. Chen L-K, Liu L-K, Woo J, Assantachai P, Auyeung T-W, Bahyah 
KS et al (2014) Sarcopenia in Asia: consensus report of the Asian 
Working Group for sarcopenia. J Am Med Dir Assoc 15:95–101. 
https:// doi. org/ 10. 1016/j. jamda. 2013. 11. 025

 4. Chiles Shaffer N, Ferrucci L, Shardell M, Simonsick EM, Studen-
ski S (2017) Agreement and predictive validity using less-con-
servative foundation for the National Institutes of Health Sarco-
penia Project Weakness Cutpoints. J Am Geriatr Soc 65:574–579. 
https:// doi. org/ 10. 1111/ jgs. 14706

 5. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, 
Landi F et al (2010) Sarcopenia: European consensus on definition 
and diagnosis. Age Ageing 39:412–423. https:// doi. org/ 10. 1093/ 
ageing/ afq034

 6. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Ceder-
holm T et al (2019) Sarcopenia: revised European consensus on 
definition and diagnosis. Age Ageing. https:// doi. org/ 10. 1093/ 
ageing/ afy169

 7. Kirk B, Cawthon PM, Arai H, Ávila-Funes JA, Barazzoni R, Bha-
sin S et al (2024) The conceptual definition of sarcopenia: Del-
phi consensus from the global leadership initiative in sarcopenia 
(GLIS). Age Ageing 53:afae052. https:// doi. org/ 10. 1093/ ageing/ 
afae0 52

 8. Cawthon PM, Visser M, Arai H, Ávila-Funes JA, Barazzoni R, 
Bhasin S et al (2022) Defining terms commonly used in sarco-
penia research: a glossary proposed by the Global Leadership 
in Sarcopenia (GLIS) Steering Committee. Eur Geriatr Med 
13:1239–1244. https:// doi. org/ 10. 1007/ s41999- 022- 00706-5

 9. Inoue T, Wakabayashi H, Kawase F, Kokura Y, Takamasu T, Fuji-
wara D et al (2024) Diagnostic criteria, prevalence, and clinical 
outcomes of pediatric sarcopenia: a scoping review. Clin Nutr 
Edinb Scotl 43:1825–1843. https:// doi. org/ 10. 1016/j. clnu. 2024. 
06. 024

https://doi.org/10.1007/s41999-024-01129-0
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1038/s41572-024-00550-w
https://doi.org/10.1016/j.jamda.2013.11.025
https://doi.org/10.1111/jgs.14706
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1093/ageing/afae052
https://doi.org/10.1093/ageing/afae052
https://doi.org/10.1007/s41999-022-00706-5
https://doi.org/10.1016/j.clnu.2024.06.024
https://doi.org/10.1016/j.clnu.2024.06.024


European Geriatric Medicine 

 10. Gachon F, Nagoshi E, Brown SA, Ripperger J, Schibler U (2004) 
The mammalian circadian timing system: from gene expression to 
physiology. Chromosoma 113:103–112. https:// doi. org/ 10. 1007/ 
s00412- 004- 0296-2

 11. Ruan W, Yuan X, Eltzschig HK (2021) Circadian rhythm as a 
therapeutic target. Nat Rev Drug Discov 20:287–307. https:// doi. 
org/ 10. 1038/ s41573- 020- 00109-w

 12. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac 
D et al (2018) PRISMA extension for scoping reviews (PRISMA-
ScR): checklist and explanation. Ann Intern Med 169:467–473. 
https:// doi. org/ 10. 7326/ M18- 0850

 13. Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, Antes G 
et al (2009) Preferred reporting items for systematic reviews and 
meta-analyses: the PRISMA statement. PLoS Med 6:e1000097. 
https:// doi. org/ 10. 1371/ journ al. pmed. 10000 97

 14. Aoyama S, Kim H-K, Hirooka R, Tanaka M, Shimoda T, Chijiki 
H et al (2021) Distribution of dietary protein intake in daily meals 
influences skeletal muscle hypertrophy via the muscle clock. Cell 
Rep 36:109336. https:// doi. org/ 10. 1016/j. celrep. 2021. 109336

 15. Gonzalez Rodriguez E, Marques-Vidal P, Aubry-Rozier B, 
Papadakis G, Preisig M, Kuehner C et al (2021) Diurnal salivary 
cortisol in sarcopenic postmenopausal women: the OsteoLaus 
cohort. Calcif Tissue Int 109:499–509. https:// doi. org/ 10. 1007/ 
s00223- 021- 00863-y

 16. Krčmárová B, Krčmár M, Schwarzová M, Chlebo P, Chlebová Z, 
Židek R et al (2018) The effects of 12-week progressive strength 
training on strength, functional capacity, metabolic biomarkers, 
and serum hormone concentrations in healthy older women: 
morning versus evening training. Chronobiol Int 35:1490–1502. 
https:// doi. org/ 10. 1080/ 07420 528. 2018. 14934 90

 17. Kume Y, Kodama A, Maekawa H (2020) Preliminary report; 
Comparison of the circadian rest-activity rhythm of elderly Japa-
nese community-dwellers according to sarcopenia status. Chrono-
biol Int 37:1099–1105. https:// doi. org/ 10. 1080/ 07420 528. 2020. 
17407 25

 18. Kumari M, Badrick E, Sacker A, Kirschbaum C, Marmot M, 
Chandola T (2010) Identifying patterns in cortisol secretion in 
an older population. Findings from the Whitehall II study. Psy-
choneuroendocrinology 35:1091–1099. https:// doi. org/ 10. 1016/j. 
psyne uen. 2010. 01. 010

 19. Gardner MP, Lightman SL, Gallacher J, Hardy R, Kuh D, Ebra-
him S et al (2011) Diurnal cortisol patterns are associated with 
physical performance in the Caerphilly Prospective Study. Int J 
Epidemiol 40:1693–1702. https:// doi. org/ 10. 1093/ ije/ dyr113

 20. Heaney JLJ, Phillips AC, Carroll D (2012) Ageing, physical func-
tion, and the diurnal rhythms of cortisol and dehydroepiandroster-
one. Psychoneuroendocrinology 37:341–349. https:// doi. org/ 10. 
1016/j. psyne uen. 2011. 07. 001

 21. Gardner MP, Lightman S, Sayer AA, Cooper C, Cooper R, Deeg 
D et al (2013) Dysregulation of the hypothalamic pituitary adrenal 
(HPA) axis and physical performance at older ages: an individual 
participant meta-analysis. Psychoneuroendocrinology 38:40–49. 
https:// doi. org/ 10. 1016/j. psyne uen. 2012. 04. 016

 22. Johar H, Emeny RT, Bidlingmaier M, Reincke M, Thorand B, 
Peters A et al (2014) Blunted diurnal cortisol pattern is associated 
with frailty: a cross-sectional study of 745 participants aged 65 to 
90 years. J Clin Endocrinol Metab 99:E464-468. https:// doi. org/ 
10. 1210/ jc. 2013- 3079

 23. Devore EE, Harrison SL, Stone KL, Holton KF, Barrett-Connor 
E, Ancoli-Israel S et al (2016) Association of urinary melatonin 
levels and aging-related outcomes in older men. Sleep Med 
23:73–80. https:// doi. org/ 10. 1016/j. sleep. 2016. 07. 006

 24. Obayashi K, Saeki K, Maegawa T, Iwamoto J, Sakai T, Otaki N 
et al (2016) Melatonin secretion and muscle strength in elderly 
individuals: a cross-sectional study of the HEIJO-KYO cohort. J 

Gerontol A Biol Sci Med Sci 71:1235–1240. https:// doi. org/ 10. 
1093/ gerona/ glw030

 25. Sousa ACPDA, Marchand A, Garcia A, Gomez JF, Ylli A, Gural-
nik JM et al (2017) Cortisol and physical performance in older 
populations: findings from the international mobility in aging 
study (IMIAS). Arch Gerontol Geriatr 71:50–58. https:// doi. org/ 
10. 1016/j. archg er. 2017. 03. 002

 26. Dijckmans B, Tortosa-Martínez J, Caus N, González-Caballero G, 
Martínez-Pelegrin B, Manchado-Lopez C et al (2017) Does the 
diurnal cycle of cortisol explain the relationship between physi-
cal performance and cognitive function in older adults? Eur Rev 
Aging Phys Act 14:6. https:// doi. org/ 10. 1186/ s11556- 017- 0175-5

 27. Maekawa H, Kume Y (2019) Imbalance of nonparametric rest-
activity rhythm and the evening-type of chronotype according to 
frailty indicators in elderly community dwellers. Chronobiol Int 
36:1208–1216. https:// doi. org/ 10. 1080/ 07420 528. 2019. 16264 16

 28. Lai T-F, Liao Y, Lin C-Y, Huang W-C, Hsueh M-C, Chan D-C 
(2020) Moderate-to-vigorous physical activity duration is more 
important than timing for physical function in older adults. Sci 
Rep 10:21344. https:// doi. org/ 10. 1038/ s41598- 020- 78072-0

 29. Lee PMY, Liao G, Tsang CYJ, Leung CC, Kwan M-P, Tse LA 
(2023) Sex differences in the associations of sleep-wake char-
acteristics and rest-activity circadian rhythm with specific obe-
sity types among Hong Kong community-dwelling older adults. 
Arch Gerontol Geriatr 113:105042. https:// doi. org/ 10. 1016/j. 
archg er. 2023. 105042

 30. Lai T-F, Liao Y, Lin C-Y, Hsueh M-C, Koohsari MJ, Shibata 
A et  al (2023) Diurnal pattern of breaks in sedentary time 
and the physical function of older adults. Arch Public Health 
Arch Belg Sante Publique 81:35. https:// doi. org/ 10. 1186/ 
s13690- 023- 01050-1

 31. Kondratov RV, Kondratova AA, Gorbacheva VY, Vykhovanets 
OV, Antoch MP (2006) Early aging and age-related pathologies 
in mice deficient in BMAL1, the core component of the circa-
dian clock. Genes Dev 20:1868–1873. https:// doi. org/ 10. 1101/ 
gad. 14322 06

 32. Kondratov RV, Vykhovanets O, Kondratova AA, Antoch MP 
(2009) Antioxidant N-acetyl-L-cysteine ameliorates symptoms 
of premature aging associated with the deficiency of the circa-
dian protein BMAL1. Aging 1:979–987

 33. Schroder EA, Harfmann BD, Zhang X, Srikuea R, England JH, 
Hodge BA et al (2015) Intrinsic muscle clock is necessary for 
musculoskeletal health. J Physiol 593:5387–5404. https:// doi. 
org/ 10. 1113/ JP271 436

 34. Nakao R, Shimba S, Oishi K (2016) Muscle Bmal1 is dispen-
sable for the progress of neurogenic muscle atrophy in mice. J 
Circadian Rhythms 14:6. https:// doi. org/ 10. 5334/ jcr. 141

 35. Hunt LC, Jiao J, Wang Y-D, Finkelstein D, Rao D, Curley M 
et al (2019) Circadian gene variants and the skeletal muscle 
circadian clock contribute to the evolutionary divergence in lon-
gevity across Drosophila populations. Genome Res 29:1262–
1276. https:// doi. org/ 10. 1101/ gr. 246884. 118

 36. Nohara K, Mallampalli V, Nemkov T, Wirianto M, Yang J, Ye 
Y et al (2019) Nobiletin fortifies mitochondrial respiration in 
skeletal muscle to promote healthy aging against metabolic 
challenge. Nat Commun 10:3923. https:// doi. org/ 10. 1038/ 
s41467- 019- 11926-y

 37. Liang J, Zhang H, Zeng Z, Lv J, Huang J, Wu X et al (2023) 
MicroRNA profiling of different exercise interventions for allevi-
ating skeletal muscle atrophy in naturally aging rats. J Cachexia 
Sarcopenia Muscle 14:356–368. https:// doi. org/ 10. 1002/ jcsm. 
13137

 38. Pinto AP, Muñoz VR, Tavares MEA, Dos Santos JR, Rebelo MA, 
Alberici LC et al (2023) Combined physical exercise reverses the 
reduced expression of Bmal1 in the liver of aged mice. Life Sci 
312:121175. https:// doi. org/ 10. 1016/j. lfs. 2022. 121175

https://doi.org/10.1007/s00412-004-0296-2
https://doi.org/10.1007/s00412-004-0296-2
https://doi.org/10.1038/s41573-020-00109-w
https://doi.org/10.1038/s41573-020-00109-w
https://doi.org/10.7326/M18-0850
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1016/j.celrep.2021.109336
https://doi.org/10.1007/s00223-021-00863-y
https://doi.org/10.1007/s00223-021-00863-y
https://doi.org/10.1080/07420528.2018.1493490
https://doi.org/10.1080/07420528.2020.1740725
https://doi.org/10.1080/07420528.2020.1740725
https://doi.org/10.1016/j.psyneuen.2010.01.010
https://doi.org/10.1016/j.psyneuen.2010.01.010
https://doi.org/10.1093/ije/dyr113
https://doi.org/10.1016/j.psyneuen.2011.07.001
https://doi.org/10.1016/j.psyneuen.2011.07.001
https://doi.org/10.1016/j.psyneuen.2012.04.016
https://doi.org/10.1210/jc.2013-3079
https://doi.org/10.1210/jc.2013-3079
https://doi.org/10.1016/j.sleep.2016.07.006
https://doi.org/10.1093/gerona/glw030
https://doi.org/10.1093/gerona/glw030
https://doi.org/10.1016/j.archger.2017.03.002
https://doi.org/10.1016/j.archger.2017.03.002
https://doi.org/10.1186/s11556-017-0175-5
https://doi.org/10.1080/07420528.2019.1626416
https://doi.org/10.1038/s41598-020-78072-0
https://doi.org/10.1016/j.archger.2023.105042
https://doi.org/10.1016/j.archger.2023.105042
https://doi.org/10.1186/s13690-023-01050-1
https://doi.org/10.1186/s13690-023-01050-1
https://doi.org/10.1101/gad.1432206
https://doi.org/10.1101/gad.1432206
https://doi.org/10.1113/JP271436
https://doi.org/10.1113/JP271436
https://doi.org/10.5334/jcr.141
https://doi.org/10.1101/gr.246884.118
https://doi.org/10.1038/s41467-019-11926-y
https://doi.org/10.1038/s41467-019-11926-y
https://doi.org/10.1002/jcsm.13137
https://doi.org/10.1002/jcsm.13137
https://doi.org/10.1016/j.lfs.2022.121175


 European Geriatric Medicine

 39. Shrestha N, Chaturvedi P, Zhu X, Dee MJ, George V, Janney C 
et al (2023) Immunotherapeutic approach to reduce senescent cells 
and alleviate senescence-associated secretory phenotype in mice. 
Aging Cell 22:e13806. https:// doi. org/ 10. 1111/ acel. 13806

 40. Aoyama S, Nakahata Y, Shinohara K (2021) Chrono-nutrition has 
potential in preventing age-related muscle loss and dysfunction. 
Front Neurosci 15:659883. https:// doi. org/ 10. 3389/ fnins. 2021. 
659883

 41. Correa-de-Araujo R, Addison O, Miljkovic I, Goodpaster BH, 
Bergman BC, Clark RV et al (2020) Myosteatosis in the context 
of skeletal muscle function deficit: An interdisciplinary workshop 
at the National Institute on Aging. Front Physiol 11:963. https:// 
doi. org/ 10. 3389/ fphys. 2020. 00963

 42. Goljanek-Whysall K, Iwanejko LA, Vasilaki A, Pekovic-Vaughan 
V, McDonagh B (2016) Ageing in relation to skeletal muscle 
dysfunction: redox homoeostasis to regulation of gene expres-
sion. Mamm Genome 27:341–357. https:// doi. org/ 10. 1007/ 
s00335- 016- 9643-x

 43. Lees MJ, Hodson N, Moore DR (2021) A muscle-centric view 
of time-restricted feeding for older adults. Curr Opin Clin Nutr 
Metab Care 24:521–527. https:// doi. org/ 10. 1097/ MCO. 00000 
00000 000789

 44. Livelo C, Guo Y, Melkani GC (2022) A skeletal muscle-centric 
view on time-restricted feeding and obesity under various meta-
bolic challenges in humans and animals. Int J Mol Sci 24:422. 
https:// doi. org/ 10. 3390/ ijms2 40104 22

 45. Morena da Silva F, Esser KA, Murach KA, Greene NP (2023) 
Inflammation o’clock: interactions of circadian rhythms with 
inflammation-induced skeletal muscle atrophy. J Physiol 
602:6587–6607. https:// doi. org/ 10. 1113/ JP284 808

 46. Piovezan RD, Abucham J, Dos Santos RVT, Mello MT, Tufik S, 
Poyares D (2015) The impact of sleep on age-related sarcopenia: 

possible connections and clinical implications. Ageing Res Rev 
23:210–220. https:// doi. org/ 10. 1016/j. arr. 2015. 07. 003

 47. Silva BSDA, Uzeloto JS, Lira FS, Pereira T, Coelho-E-Silva MJ, 
Caseiro A (2021) Exercise as a peripheral circadian clock resyn-
chronizer in vascular and skeletal muscle aging. Int J Environ Res 
Public Health 18:12949. https:// doi. org/ 10. 3390/ ijerp h1824 12949

 48. Vitale JA, Bonato M, La Torre A, Banfi G (2019) The role of the 
molecular clock in promoting skeletal muscle growth and protect-
ing against sarcopenia. Int J Mol Sci 20:4318. https:// doi. org/ 10. 
3390/ ijms2 01743 18

 49. Xu Y, Xiao W (2023) NAD+: an old but promising therapeutic 
agent for skeletal muscle ageing. Ageing Res Rev 92:102106. 
https:// doi. org/ 10. 1016/j. arr. 2023. 102106

 50. Fernández-Martínez J, Ramírez-Casas Y, Yang Y, Aranda-Mar-
tínez P, Martínez-Ruiz L, Escames G et al (2023) From chrono-
disruption to sarcopenia: the therapeutic potential of melatonin. 
Biomolecules 13:1779. https:// doi. org/ 10. 3390/ biom1 31217 79

 51. Rosenwasser AM (2010) Circadian clock genes: non-circadian 
roles in sleep, addiction, and psychiatric disorders? Neurosci 
Biobehav Rev 34:1249–1255. https:// doi. org/ 10. 1016/j. neubi orev. 
2010. 03. 004

 52. Ray S, Valekunja UK, Stangherlin A, Howell SA, Snijders AP, 
Damodaran G et al (2020) Circadian rhythms in the absence of 
the clock gene Bmal1. Science 367:800–806. https:// doi. org/ 10. 
1126/ scien ce. aaw73 65

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

https://doi.org/10.1111/acel.13806
https://doi.org/10.3389/fnins.2021.659883
https://doi.org/10.3389/fnins.2021.659883
https://doi.org/10.3389/fphys.2020.00963
https://doi.org/10.3389/fphys.2020.00963
https://doi.org/10.1007/s00335-016-9643-x
https://doi.org/10.1007/s00335-016-9643-x
https://doi.org/10.1097/MCO.0000000000000789
https://doi.org/10.1097/MCO.0000000000000789
https://doi.org/10.3390/ijms24010422
https://doi.org/10.1113/JP284808
https://doi.org/10.1016/j.arr.2015.07.003
https://doi.org/10.3390/ijerph182412949
https://doi.org/10.3390/ijms20174318
https://doi.org/10.3390/ijms20174318
https://doi.org/10.1016/j.arr.2023.102106
https://doi.org/10.3390/biom13121779
https://doi.org/10.1016/j.neubiorev.2010.03.004
https://doi.org/10.1016/j.neubiorev.2010.03.004
https://doi.org/10.1126/science.aaw7365
https://doi.org/10.1126/science.aaw7365

	The role of the circadian timing system in sarcopenia in old age: a scoping review
	Key summary points
	Aim 
	Findings 
	Message 

	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Protocol and registration
	Eligibility criteria
	Information sources and search strategies
	Selection of sources of evidence
	Data charting process, data items, and synthesis of results

	Results
	Search results
	What evidence is available on human persons?
	Hormone secretion
	Rest-activity rhythm
	Chrono-exercise
	Chrono-dietary programs

	What evidence is available on non-human primates, rodents, invertebrates, or cell systems?
	What evidence is specifically available on muscle function, muscle mass, and physical performance, as per the EWGSOP2 operative definition of sarcopenia?
	What evidence addresses interactions among the circadian timing system, sarcopenia variables, and sleep, nutrition, exercise, or sexgender?
	Sleep
	Nutrition
	Exercise
	Sex or gender

	How much reviewed is the field, at least in terms of narrative reviews?

	Discussion
	Summary of evidence
	Strengths and limitations
	Conclusions

	References


