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Abstract

Sarcopenia, characterized by loss of skeletal muscle mass, quality, and strength, has become a common hallmark of
ageing and many chronic diseases. Diabetes mellitus patients have a higher prevalence of sarcopenia, which greatly
aggravates the metabolic disturbance and compromises treatment response. Preclinical and clinical studies have shown
differential impacts of anti-diabetic drugs on skeletal muscle mass, strength, and performance, highlighting the impor-
tance of rational therapeutic regimen from the perspective of sarcopenia risk. In this review, we provide an update on
the regulation of muscle mass and quality by major anti-diabetic drugs, focusing primarily on emerging data from clin-
ical studies. We also discuss the underlying mechanisms and clinical implications for optimal selection of anti-diabetic
drugs to reduce the risk of sarcopenia. In view of the lifelong use of anti-diabetic drugs, we propose that a better
understanding of the sarcopenia risk and interventional strategies is worthy of attention in future studies.
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Introduction

Sarcopenia is a muscle-wasting syndrome characterized by
progressive and generalized degenerative loss of skeletal
muscle mass (SMM), quality, and strength occurring during
normal ageing.1 In addition to the suffering from muscle loss,
sarcopenia patients are at higher risks for falls, bone fracture,
and metabolic diseases, morbidities that greatly reduce their
quality of life.2 Understanding the causal factors and molecu-
lar mechanisms for sarcopenia is therefore highly needed for
the prevention of this debilitating condition. To date, multi-
ple pathophysiological mechanisms have been defined, which
largely involve the change of hormone levels or their re-
sponse, the disturbance of proteostasis and mitochondrial
function under inflammatory stimuli, and abnormal differen-
tiation and proliferation of myo-satellite cells.3–5

The increasing prevalence of sarcopenia is also observed in
patients with chronic diseases, among which diabetes
mellitus has been reported as a common risk factor for the
exacerbation of sarcopenia. Older people with diabetes are
twice more likely to develop sarcopenia than those without
diabetes.6,7 The strength and resistance of skeletal muscle
decreased significantly in type 2 diabetes mellitus (T2DM)
patients.8,9 Poor glycaemic control in patients with diabetes
could further lead to low muscle mass.10 Because skeletal
muscle is the largest tissue in the body that plays a remark-
able role in energy and metabolic homeostasis, the loss of
muscle mass and function exerts a negative impact on
glycaemic control, forming a vicious cycle with the metabolic
disturbance (Figure 1). Therefore, improving muscle quality
and decreasing the sarcopenia risk are of exceptional
importance for the clinical care of diabetic patients.

REV IEW

© 2021 The Authors. Journal of Cachexia, Sarcopenia and Muscle published by John Wiley & Sons Ltd on behalf of Society on Sarcopenia, Cachexia and Wasting Disorders.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

Journal of Cachexia, Sarcopenia and Muscle 2021; 12: 1368–1379
Published online 21 October 2021 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/jcsm.12838

https://orcid.org/0000-0002-7420-8125
mailto:xlzhang1225@126.com
mailto:gycsh@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0/


As lifelong treatment with anti-diabetic drugs is needed for
most diabetic patients, the impact of these drugs on skeletal
muscle quality is an important consideration in clinical
regimen design. Accumulating studies in recent years have
uncovered differential impacts of major anti-diabetic drugs
on the skeletal muscle or body composition, which carries
huge implications for the rational use of anti-diabetic drugs
in the clinic. In this review, we summarize representative pre-
clinical and clinical studies investigating the impact of
anti-diabetic drugs on muscle function and discuss potential
mechanisms. We highlight the clinical implications and open
questions for rational drug regimen with the aim to reduce
the risk of sarcopenia and improve clinical benefits.

Prevalence and pathophysiological
characteristics of sarcopenia in diabetic
patients

Diabetic patients are at increased risk of physical disability,
including disability of mobility and instrumental activities of
daily living. Epidemiological data have reported that T2DM
is related to poor muscle strength and function, with an
accelerated rate of decline in muscle quality and strength in
older individuals of up to 30%.6 The main manifestation of

muscle dysfunction in patients with diabetes is insufficient
strength of quadriceps femoris,11 which leads to walking
disorder.8 The grip strength and endurance of the upper
limbs also decrease in diabetic patients, causing disability
and much compromise in life quality.12 Not surprisingly,
patients with T2DM are at greater risk of developing
sarcopenia, as shown by several studies from different
countries.13,14 The mechanisms underlying this link have
been reviewed elsewhere.15

In terms of the features of sarcopenia in the diabetic
population, an early study specifically showed that leg lean
mass and appendicular SMM were significantly lower in older
men with T2DM.16 Nevertheless, individuals with sarcopenia
could pose normal or obese body weight,17 and sarcopenic
obesity is a clinical condition in which lean body mass
decreases and fat mass (FM) increases, the prevalence of
which reaches 18.7% in T2DM patients. Studies are therefore
increasingly paying attention to the change of both FM and
lean mass as a measure of body composition in diabetic
patients.18 Low muscle mass was independently associated
with all-cause mortality in patients with T2DM. Sarcopenia
is also reported to increase the complications of diabetes
such as infection.19 Therefore, the preservation of SMM is
important to protect patients with T2DM from increased
mortality risk.20 Pharmacological intervention in combination
with lifestyle changes are effective means in the clinical

Figure 1 Anti-diabetic drugs are involved in the regulation of muscle mass and performance in diabetic patients. Pathophysiological factors of dia-
betic patients, such as metabolic disturbance, chronic inflammation, insulin resistance, and vascular complications, are detrimental factors for normal
muscle quality and function. Poor glycaemic control is another risk factor for muscle atrophy and loss. In addition to the regulation of blood glucose,
anti-diabetic drugs exert differential impacts on muscle mass and performance (green: generally protective; black: controversial; red: generally det-
rimental), which are important for the rationale design of clinical therapies. Moreover, lifestyle factors such as exercise (e.g. resistance training) have
interactive impacts with anti-diabetic drugs on modulating sarcopenia risk. Evidence-based integration of these approaches are desirable to reduce
sarcopenic risk and improve diabetic pathology. DPP-IV, dipeptidyl peptidase IV; GLP-1, glucagon-like peptide-1; SGLT2, sodium-glucose
co-transporter 2.

Anti-diabetic drugs and sarcopenia 1369

Journal of Cachexia, Sarcopenia and Muscle 2021; 12: 1368–1379
DOI: 10.1002/jcsm.12838



management of diabetes, suggesting the need to clarify their
impacts on sarcopenia.

Effects of anti-diabetic drugs on the
muscle

To gain a systematic understanding of the impact of com-
monly used anti-diabetic drugs on sarcopenia, we performed
a systematic research of preclinical and clinical studies in
MEDLINE, using the searching items as follows: (‘sarcopenia’
OR ‘skeletal muscle mass’ OR ‘muscle mass’ OR ‘lean mass’
OR ‘body composition’ OR ‘muscle strength’) AND (‘antidia-
betic drugs’ OR ‘glucose-lowering drugs’ OR ‘metformin’ OR
‘thiazolidinediones’ OR ‘pioglitazone’ OR ‘rosiglitazone’ OR
‘sulfonylureas’ OR ‘DPP-4 inhibitors’ OR ‘GLP-1 receptor ago-
nists’ OR ‘SGLT2 inhibitors’ OR ‘insulin’). Most of the results
from representative clinical trials were reported in the past
20 years.

Insulin

Insulin therapy has been a cornerstone in the clinical
development of glucose-lowering agents.21 In addition to
the effect on glycaemic homeostasis, insulin is a potent stim-
ulatory factor for muscle protein synthesis. The mechanisms
by which insulin enhances muscle protein anabolism are not
yet completely understood, although they largely involve in-
creased initiation of mRNA translation, microvascular recruit-
ment, blood flow, and amino acid delivery to skeletal muscle
and reduced protein degradation.22 Nonetheless, in consider-
ation of insulin resistance, endothelial dysfunction, and
diabetic microangiopathy, the positive effect of insulin on
muscle mass may be compromised in T2DM individuals.

Indeed, reduction in endogenous insulin secretion is an in-
dependent risk factor of sarcopenia in men with T2DM.23 A
previous study in Japanese patients has shown that insulin
therapy could attenuate the decline of muscle strength in
the lower extremities but not in the upper extremities,24

supporting the clinical use of insulin to reduce sarcopenia risk
in T2DM patients. More recently, a longitudinal study of insu-
lin therapy with changes in muscle parameters showed that
insulin preserved muscle mass, but not muscle function as
assessed by hand grip strength.25 However, it is noteworthy
that several early clinical studies examining insulin therapy
and body composition have shown that insulin-induced
weight gain is attributed to increase in both fat and fat-free
mass (FFM).26–28 Typically, in patients with T2DM, weight
gain largely reflects increase in trunk FM. Therefore, the ef-
fect of insulin therapy on skeletal mass may vary depending
on the types of diabetes, and it remains to be determined

whether the trend to central obesity partly offsets other
benefits of insulin therapy in T2DM.

Sulfonylureas and glinides

Sulfonylureas and glinides are insulin secretion stimulating
drugs that work via inhibition of ATP-sensitive K+ (KATP) chan-
nel. The KATP channel is an octameric complex composing of
inwardly rectifying K+ channels (Kir6.1 and Kir6.2) and sulfo-
nylurea receptor subunits (SUR1, SUR2A, and SUR2B) in a
tissue-dependent manner.29 In skeletal muscle, the Kir6.2/
SUR2A subunits constitute the main KATP channel complex,
while other SUR subunits are expressed in different types of
muscle.30 Preclinical data have linked KATP channel blockers
to muscle atrophy. For example, Tricarico et al. found that
down-regulation of SUR1/Kir6.2, and possibly other KATP
channel subtypes, led to atrophic signalling in slow-twitch
and fast-twitch skeletal muscles in rats.31 In vitro experiments
showed that down-regulation of KATP channel induced by an
antibody targeting the pyruvate kinase, which is functionally
coupled to the Kir6.2 subunit, resulted in skeletal muscle
fibre atrophy and cell death.32 Furthermore, glibenclamide
was found to enhance caspase-3 activity in slow-twitch mus-
cle and reduce the ratio of protein concentration to muscle
weight.31 Given the intimate relationship between KATP chan-
nel and skeletal muscle homeostasis, the suppressive effect
of sulfonylureas and glinides on the KATP channel raises the
possibility that these drugs may cause adverse effect on
SMM and function. A previous database-searching study
investigating atrophy-related signals associated with the use
of the sulfonylureas and glinides reported that, in an 8 month
period, muscle atrophy was found in 0.27% of the
glibenclamide reports, 12 times the incidence of the total re-
ports for all drugs not related with sulfonylureas or glinides.33

It is suggested that drug-induced atrophy can be explained by
the KATP channel blockade and the enhancement of the mito-
chondrial succinic dehydrogenase activity. Recently, a post
hoc analysis showed that 24 week treatment of glimepiride
induced none significant decrease in fat and bone-free mass
(FBFM) in T2DM patients.34 These findings suggest that drugs
such as glibenclamide and glimepiride should be used with
high caution to the patients that have high propensity of
sarcopenia.

Metformin

As the first-line oral medication for T2DM, metformin
improves insulin resistance and hyperinsulinaemia through
multiple mechanisms, which predominantly involve the acti-
vation of AMP-activated protein kinase (AMPK) signalling
pathway.35 The metabolic benefits of metformin are attrib-
uted to actions on multiple tissues typically including the
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liver, intestine, adipose tissue, as well as the muscle.36 The
glycaemic decrease during metformin treatment is more
often accompanied by weight loss, and many studies have
consistently associated long-term metformin use with
decreased FM.37–39 The impact of metformin on lean mass
in T2DM patients, however, remains controversial. Musi
et al. demonstrated that FFM did not change significantly af-
ter metformin treatment for 10 weeks.40 Similar result was
also found in a clinical study of 29 participants with newly di-
agnosed T2DM over a period of up to 6 months.39 In contrast,
a multicentre longitudinal cohort study recruiting ambulatory
men aged over 65 years showed that men treated with met-
formin had significantly less total or appendicular lean mass
loss than those with untreated diabetes or diabetes treated
without metformin.41 The authors speculated that this
effect may be explained by up-regulation of peroxisome
proliferator-activated receptor-γ coactivator 1α (PGC1α) stim-
ulated by AMPK. In line with this, it was reported that, in
non-diabetic subjects, the administration of metformin for
2 months could increase the lean mass and water content.38

Together, these findings, despite the inconsistencies on the
impact on body composition, highlight the need to consider
the impact of skeletal mass and performance when designing
metformin-based therapy for diabetes. Considering the fact
that metformin may induce appetite suppression and
inhibition of intestinal oligopeptide absorption,42 the risk of
sarcopenia with clinical metformin therapy should be born
in mind, especially in women with T2DM and elder patients.

Thiazolidinediones

Thiazolidinediones (TZDs), typically including rosiglitazone
and pioglitazone, are frequently prescribed for diabetic
patients to enhance insulin sensitivity in the muscle, liver,
and adipose tissue via activation of peroxisome proliferator-
activated receptor gamma (PPAR-γ). TZDs, as insulin sensitiz-
ing agents, may play an active role in maintaining SMM and
function, as shown by preclinical studies. In particular, studies
with skeletal muscle cells revealed that rosiglitazone reduced
apoptosis through a PPAR-γ-dependent mechanism.43 It was
also reported that rosiglitazone potently inhibits inflamma-
tory mediator-induced nuclear factor-kappa B (NF-κB) tran-
scription, which could attenuate protein degradation in
cultured skeletal muscle myotubes.44 There are mixed data
from clinical studies in this aspect. An early multicentre longi-
tudinal study by Lee et al. reported that TZD may reduce the
loss of muscle mass in patients with impaired fasting glucose
or diabetes.41 However, the ACT NOW trial has shown that
the lean body mass in the legs was significantly lower after
33.6 month pioglitazone treatment in subjects with prediabe-
tes, with significant increase in body weight and no change in
overall lean body mass.45 Indeed, earlier case reports showed
acute rhabdomyolysis in T2DM patients after pioglitazone or

troglitazone treatment.46,47 Therefore, caution is needed
when prescribing TZDs to patient with skeletal muscle
problem.

Numerous studies have shown that TZDs reduce muscle
lipid content by diminishing fatty acid (FA) uptake, elevating
FA oxidation, and increasing FA transport capacity from mus-
cle into subcutaneous adipose tissue.48 A randomized
cross-over study found that, although there was no change
in total body weight or total fat after pioglitazone use in
non-diabetic patients for 4 months, the visceral/subcutane-
ous adipose tissue ratio was decreased by 16%.49 This was
aligned with another finding that pioglitazone significantly
improved the whole-body aerobic capacity and skeletal mus-
cle FA metabolism in patients with metabolic syndrome.50 As
intermuscular and intramyocellular lipid overload may cause
insulin resistance, skeletal muscle wasting, and dysfunction,51

the lipid-lowering effect of TZDs is theoretically useful
to strengthen muscle content and function. More
well-designed clinical trials are therefore needed to clarify
the effects of TZDs on sarcopenia in T2DM patients.

Glucagon-like peptide-1 analogues

Glucagon-like peptide-1 (GLP-1) is a naturally occurring
incretin hormone secreted from intestinal L-cells and exerts
a number of potentially anti-hyperglycaemic actions including
enhancement of glucose-dependent insulin secretion,
restoration of the glucose sensitivity of pancreatic β-cells,
and suppression of glucagon release.52 GLP-1 analogues, such
as exenatide and liraglutide, produce many of the
glucoregulatory actions observed with endogenous GLP-1.
Several studies have reported that GLP-1 or GLP-1 analogues
can cause weight loss in animals and humans.53,54 The
mechanisms are likely attributed to decreased energy intake
(e.g. delayed gastric emptying, gastric secretion, and motil-
ity), appetite sensation, increased energy expenditure, and
perception of satiety. Weight loss induced by GLP-1 ana-
logues treatment primarily comes from reductions in FM
rather than lean mass, as already demonstrated in some
observational studies.55–58 Specifically, it was shown that
the relative total body FM was reduced by 2.3%, while the
relative total body lean mass was increased by 2.3% following
a 12 week liraglutide treatment in obese T2DM patients with
metformin.59 Similar results were found in another study.60

Interestingly, Li and colleagues also found significant correla-
tions between weight loss and increases in both plasma atrial
natriuretic peptide (ANP) and brain natriuretic peptide (BNP)
levels, suggesting that liraglutide-induced change of body
composition might be associated with changes in the NP
system.

By studying the effect of hypoxia on sarcopenia, it was
found that GLP-1 is the strongest predictor of FFM loss, sug-
gesting that GLP-1 analogues (such as exendin-4) can be used
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to reduce sarcopenia risks.61 Perna et al. evaluated liraglutide
in overweight and obese elderly patients with T2DM. After
24 weeks of treatment, it was found that the reduction of
body weight was mainly due to the decrease of FM, and
liraglutide could prevent the degradation of muscle protein
and maintain the stability of skeletal muscle.62 However, in
another study involving 21 T2DM patients undergoing
haemodialysis, addition of dulaglutide to insulin therapy sig-
nificantly decreased FM and SMM, suggesting the sarcopenia
risk of this drug.63 A recent meta-analysis of randomized
controlled trials also indicated that semaglutide was associ-
ated with both weight loss and FFM decrease, prompting
the need to understand drug-specific effects on sarcopenic
parameters.64

Dipeptidyl peptidase IV inhibitors

Dipeptidyl peptidase IV (DPP-IV) inhibitors such as sitagliptin,
vildagliptin, and saxagliptin increase endogenous GLP-1 to
achieve glucose-lowering effect. While DPP-IV inhibitors do
not increase the weight of T2DM patients, studies have found
that it has the potential to improve skeletal muscle injury. As
mentioned earlier, movement disorders in people with
diabetes mainly occur in the lower limb, especially in the
quadriceps femoris. In a retrospective study, Bouchi et al.
confirmed the protective effect of DPP-IV inhibitor on muscle
dysfunction in T2DM patients, especially on lower limb
muscle, indicating a promise of DPP-IV inhibitors in clinical in-
tervention of muscle loss.65 In a clinical study of 80 elderly
patients with T2DM, treatment with DPP-IV inhibitors
(vildagliptin 50 mg bid or sitagliptin 100 mg/day or saxagliptin
5 mg/day) showed better sarcopenic parameters (FFM, SMM,
muscle strength, and gait speed) compared with sulfonyl-
ureas treatment.66 These clinical benefits are supported by
studies from animals. For example, Bianchi et al. showed that
PKF275-055 (a vildagliptin analogue) could partially improve
the damage of white fibre muscle induced by streptozotocin
in type 1 diabetic rats.67 Enoki et al. found that teneligliptin
had the potential to treat muscle dysfunction in chronic renal
disease (CKD) mice, and it was suggested that teneligliptin
could not only indirectly play a cellular protective role
through GLP-1 but also directly act on muscle atrophy in-
duced by CKD.68 In addition, Giannocco et al. found that
sitagliptin could up-regulate the displacement and expression
of GLUT4 in myocardium and skeletal muscle of spontane-
ously hypertensive rats.69

Interestingly, FDA has warned that high-dose DPP-IV
inhibitors can induce acute toxicity in monkeys, including
the increase in creatine kinase (CK) activity, the pathological
elevation of which is commonly observed with muscular
dystrophy. In particular, high dose (160 mg/kg) of vildagliptin
was used in the experiments with cynomolgus monkey.70 It
was found that some animals had extremely high CK activity

(more than 40 000 U/L), and anatomical findings of skeletal
muscle necrosis and intramuscular bleeding in extremities.
However, the researchers also suggest that the acute toxicity
caused by vildagliptin appears to be unique to monkeys, and
it is uncertain whether it will occur in human. Therefore,
more research is needed to determine the effects of DPP-IV
inhibitors on skeletal muscle in clinical use.

A recent study has found that in metformin-treated T2DM,
a protein preload has the capacity to enhance the efficacy of
vildagliptin to slow gastric emptying, increase plasma intact
incretins, and reduce postprandial glycaemia, indicating that
vildagliptin has the potential to reduce the risk of weight gain
in patients with T2DM.71 However, Flock et al. proposed that
vildagliptin could increase lipid storage in adipose tissue and
reduce fat in muscle and liver,72 and a large number of
studies have shown that DPP-IV inhibitors have no significant
effect on the body weight of human or rodent.72,73 Future
studies are therefore warranted to systematically evaluate
the effect of DPP-IV inhibitors on body composition especially
the fat and lean mass.

Sodium-glucose co-transporter 2 inhibitors

Sodium-glucose co-transporter 2 (SGLT2) inhibitors selec-
tively inhibit SGLT2 to reduce proximal tubular glucose reab-
sorption, thus increasing urinary sugar excretion to reduce
blood glucose concentration. Currently, the representative
drugs used include dapagliflozin, canagliflozin, empagliflozin,
ipragliflozin, tofogliflozin, and luseogliflozin.74 SGLT2 inhibi-
tors have a well-confirmed effect to induce weight loss, and
about 90% of weight loss is due to a decrease in FM.75–77

Some other studies have also shown that the use of SGLT2
inhibitors in T2DM patients reduces FM by two-thirds and
lean mass by one-third.78,79 Typically, both ipragliflozin and
canagliflozin reduce the weight of FM and lean mass.80,81

However, a randomized controlled trial found that
dapagliflozin significantly reduced subcutaneous and visceral
abdominal fat after 24 weeks of treatment but had no effect
on lean tissue.82 Sasaki et al. found that SMM in T2DM pa-
tients treated with luseogliflozin did not change significantly
until 36 weeks after treatment, while bone mineral content
(BMC) decreased only briefly after 12 weeks, and then
remained unchanged.83

In line with these clinical findings, when diet-induced
obese (DIO) rats were treated with tofogliflozin, there was
no significant change in bone mass and lean mass.84 Interest-
ingly, Naznin et al. found that treatment with canagliflozin for
8 weeks could induce body weight loss in mice, characterized
by decreased mass of visceral and subcutaneous fat.85

Despite these findings, there are still concerns that SGLT2
inhibitors may lead to muscle and bone mass loss, osteoporo-
sis, and decreased body function.86 Therefore, although most
of current studies suggest that SGLT2 inhibitors have no
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adverse effects on skeletal muscle,87–91 more studies are
needed to explore the effects of SGLT2 inhibitors on muscle.

Interaction of anti-diabetic drugs with
lifestyle factors

Lifestyle intervention is commonly recommended as a major
anti-diabetic strategy, prompting the investigation of their in-
teractive impacts with anti-diabetic drugs on the muscle per-
formance and sarcopenia risk. A randomized controlled trial
showed that the insulin sensitizer rosiglitazone has a benefi-
cial effect on resting and blood pressure (BP) response to ex-
ercise in men with cardiovascular disease and T2D, especially
in those with an exaggerated BP response to exercise.92 Re-
sistance training is believed as an alternative way to increase
total lean mass and improve functional performance.93 An
intriguing observation is that pioglitazone and resistance
training exert synergistic effects on muscle power in older
overweight and obese women but not in men,94 supporting
a combinatory strategy to decrease sarcopenia risks.

In consistence, in obese elderly, combined aerobic and
resistance exercise for 6 months is superior to improve
muscle protein synthesis and myocellular quality, thereby
maintaining muscle mass during weight-loss therapy.95

Therefore, future studies aiming to understand anti-diabetic
drug–lifestyle factor interactions are highly valuable to offer
novel approaches to strengthen the mass function of diabetic
patients and reduce sarcopenia risk.

Rational use of anti-diabetic drugs to
reduce the risk of sarcopenia

The high prevalence and detrimental impacts of sarcopenia in
diabetic patients make it a priority to strengthen the muscle
quality and function in clinical treatment and care of this pop-
ulation. In addition to the various pathophysiological factors,
the impact of major anti-diabetic drugs on the muscle is
attracting attention, especially given their daily exposure.96

As summarized earlier, there are still controversies over the
effects of metformin, TZDs, and SGLT2 inhibitors on the mus-
cle, necessitating more investigations into the clinical impacts
in an individualized manner. Nevertheless, almost all studies
have proven that sulfonylureas and glinides have adverse ef-
fects on skeletal muscle, suggesting the need to circumvent
the use of these drugs in diabetes patients with sarcopenia.
In addition, GLP-1 analogues and DPP-IV inhibitors seem to
be favourable in protecting muscles, not only rarely leading
to loss of muscle mass but also promoting muscle contractil-
ity and improving muscle injury (Table 1). Lastly, although
studies have shown that insulin can also increase muscle

mass in patients with T2DM, the weight gain effect of insulin
cannot be ignored, which should be carefully considered in
the treatment of T2DM patients.

Despite the advances, controversy and inconsistence still
exist in present findings, especially those from the clinical
setting. It is clear that the impact of anti-diabetic drugs on
muscle mass and performance is complex and multiple mech-
anisms are involved. Given the existence of various confound-
ing factors, more well-designed clinical studies are expected
to validate the effect of specific drugs and shed more light
into the mechanisms. In clinical trials seeking to answer these
questions, the measurement of sarcopenic parameters (FFM,
SMM, muscle strength, and gait speed) should be compre-
hensive and concomitant examination of the change of body
fat percentage is highly desirable.18 To give more conclusive
insights, more attention should be paid to methods and indi-
ces for sarcopenia evaluation in future clinical trials.

In addition to glycaemic control, clinicians can put muscle
quality evaluation in the work of routine diagnosis and treat-
ment, especially for those patients who show clear weight
loss after drug intervention. These prospective measures
may reduce the risk of sarcopenia as well as provide rich da-
tabase for future mining. Specifically, the nutritional and met-
abolic status of diabetic patients are important for managing
the risk of sarcopenia. In a multicentre study of 588 Japanese
patients with T2DM, it was found that poor glycaemic control
was significantly associated with SMM or gait speed in
Japanese patients.97 A recent survey in T2DM patients with
or without sarcopenia revealed that sarcopenia patients with
T2DM had worse glucose metabolism and nutritional
status.98 Therefore, the importance of nutritional and meta-
bolic control for the prevention of muscle decline and
sarcopenia is highlighted. To decrease the risk of sarcopenia,
optimization of nutritional therapy is undoubtedly needed in
diabetes care. Moreover, exercise training represents an in-
tervention that can attenuate or even reverse the process
of muscle wasting by tipping the balance of protein degrada-
tion towards protein synthesis.99 Exercise intervention
programmes should therefore be incorporated to nutritional
and pharmacological therapy to strengthen muscle mass,
strength, and functional capacity of diabetic patients, espe-
cially those at higher risk of sarcopenia.

Conclusions

In summary, we review the basic and clinical studies on the
effects of anti-diabetic drugs on skeletal muscle. The differen-
tial impacts of anti-diabetic drugs on muscle quality highlight
that the choice of anti-diabetic drugs should take the risk of
sarcopenia into consideration, in addition to comprehensive
consideration of glycaemic status and cardiovascular compli-
cations. Because diabetic patients are more likely to develop
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sarcopenia, which has a detrimental effect on glycaemic con-
trol and life quality, it is clear that clinicians should take the
basic muscle mass of patients as a routine reference index
for individual drug administration. However, unambiguous
clinical data to guide the rational choice of anti-diabetic drugs
are still inadequate at present, with conflicting results re-
ported from different studies. With more clinical evidence
gained in clarifying the link between anti-diabetic drugs and
sarcopenia, the clinical benefits of anti-diabetic treatment
and care are expected to be improved in the near future.
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