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Aging and diabetes are both risk factors for functional decline or disability in older adults with
diabetes. Recent studies demonstrated that the presence of diabetes significantly increases the
risk of sarcopenia, frailty, and geriatric syndrome including falls, hospitalization, disability, and
mortality in older adults. They have also suggested that sarcopenia, frailty, and geriatric syndrome
should be categorized as a third category of complications in addition to the traditional microand macro-vascular complications leading to disability in older adults with diabetes. Prevention
of functional decline is a crucial strategy in geriatric management. Recovery of functional independence from dependence or disability is uncommon and lengthy. Assessments of functional
status and geriatric syndrome including sarcopenia or frailty should be mandatory in older adults
with diabetes to promote early interventions based on physical exercise and nutrition education.
This brief review discussed age-associated and diabetes-associated muscle changes and their association with functional decline.
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INTRODUCTION
Diabetes, particularly type 2 diabetes (T2D), is a highly prevalent
metabolic disease in older adults that is associated with microvascular and cardiovascular complications.1) The prevalence of diabetes in people aged 65 years or older has increased to 30% in several
developed countries.2) Korea is one of the most highly ranked
countries in terms of the speed of population aging.3) In 2000, 7%
of the total Korean population was aged 65 years and increased to
14% by 2017. The Korean Diabetes Association recently showed a
steady increase in the prevalence of diabetes in the Korean population. In 2016, the prevalence of diabetes was 14.4% in Korean
adults aged 30 years or older and up to 30% among those aged 65
years or over.4)
Several studies have shown that diabetes increased the economic, social, and health burden in older adults5,6) and have recently
drawn attention to disability and impaired quality of life in older
adults with diabetes.7) The American Geriatrics Society and the
American Diabetes Association published a consensus report to
emphasize geriatric syndrome in diabetes care for older adults,

which recommended individualized glycemic targets and diabetes
management plans considering their functional status.8) It also suggested that sarcopenia, frailty, and geriatric syndrome (including
dementia and depression) be categorized as a third complication
in addition to the traditional micro- and macro-vascular complications associated with functional decline.7,9,10) Therefore, physical
and cognitive function are of prodigious importance in the care of
older people with diabetes.
A crucial strategy in geriatric management is the prevention of
functional decline. Previous studies showed that the recovery of
functional independence from dependence or disability was uncommon and lengthy.11,12) However, screening of high-risk populations and timely interventions have been shown to prevent incident
functional dependence or disability.13) Increasing age and diabetes
are both risk factors for functional decline and disability. Thus, understanding the mechanisms of diabetes on age-associated muscle
dysfunction is crucial for early intervention and prevention of functional decline and disability in older adults with diabetes.
This brief review discussed the age-associated and diabetes-associated muscle changes and their association with functional de-
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cline. The definition and diagnosis of sarcopenia and frailty have
been described in detail previously9,14) and were not covered in this
review.

tor-kB; these complex pathways are susceptible to hormonal
changes and pro-inflammatory cytokines in addition to age-associated anabolic resistance.20,22,23)

AGE-ASSOCIATED CHANGES IN SKELETAL MUSCLE

DIABETES-ASSOCIATED CHANGES IN SKELETAL
MUSCLE

Skeletal muscle has several important functions in humans, including posture, locomotion, and breathing15) in addition to the regulation of glucose and protein metabolism and heat production. Skeletal muscle comprises 40%–50% of total body weight and contains
50%–75% of body proteins.16) From a metabolic point of view,
muscle mass depends on the balance between protein synthesis
and breakdown; these processes are regulated by the multiple factors including nutrition, hormone, physical activity, exercise, and
diseases (e.g., inflammation).16,17)
One of the distinctive clinical features of aging is the presence of
muscle atrophy and weakness. In general, muscle mass progressively decreases after 20–30 years of age. While men have a greater
muscle mass than women, the age-associated decrease in muscle
mass is more rapid.18) The reduction of muscle mass is usually associated with decreases in muscle strength and aerobic exercise capacity. The annual rate of muscle mass decline is approximately
1%–2%, accelerates to 2%–3% per year after 60 years of age, and
further increases after 75 years of age.19) In contrast, fat mass, especially visceral and intermuscular fat, increases. Thus, the decrease
in skeletal muscle mass and increase in ectopic fat in muscles are
common elements in the age-related remodeling of body composition. Muscle is a major organ of glucose metabolism; therefore, the
reduction of muscle mass may cause increased insulin resistance.17,20) Accumulation of ectopic fat and its related adipocytokine in addition to mitochondrial dysfunction are other important
factors leading to increased insulin resistance.21)
The mechanisms leading to the age-associated sarcopenia remain unclear. The proposed hypotheses include changes in muscle
fiber type, apoptosis, reduced protein synthesis, hormonal changes, physical inactivity, malnutrition, and comorbidity.16,17,20) The
combination of these factors may be responsible for age-associated
sarcopenia. Changes in sarcopenic muscle include reduced myofiber size and number, particularly those of type II fibers and decreased numbers of type II fiber satellite cells resulting in a net
change from type II to type I fibers.21) Additionally, mitochondrial
density and function in myocytes are altered. Ectopic fat infiltration (myosteatosis) and alterations of neuromuscular junction also
play a crucial role in the development of sarcopenia.20,22)
Several molecular mechanisms have been suggested in sarcopenic muscle including insulin-like growth factor 1, mammalian target of rapamycin (mTOR), myostatin/activin, and nuclear fac-

Bianchi and Volpato24) recently summarized the diabetes-related
changes of muscle mass and function in epidemiological studies of
different populations with T2D. Cross-sectional studies showed
inconsistent results in total or leg muscle mass assessed by the dual-energy X-ray absorptiometry (DXA) or computed tomography
in people with diabetes (higher in two studies or lower in two
studies) compared to that in non-diabetic participants. However,
three prospective studies including the Health, Aging, and Body
Composition study,25) community-dwelling Chinese cohort,26)
and the Osteoporotic Fractures in Men Study27) found an accelerated loss of muscle mass in older adults with diabetes compared to
their non-diabetic counterparts. Moreover, several cross-sectional
studies reported lower handgrip strength and knee extension
torque in older people with diabetes despite having similar muscle
mass.28-30) Prospective cohort studies showed a steeper decline in
knee extension torque.31,32) As a consequence, the muscle quality
was consistently lower in the lower extremities in most of the diabetic subjects compared to that in their non-diabetic counterparts.
In Korean older adults, the appendicular skeletal muscle mass
(ASM) assessed by DXA was lower in diabetic patients than that in
their non-diabetic counterparts while muscle mass index (ASM/
height2) was lower only in older men with diabetes.33) Yoon et al.34)
reported that muscle mass and strength in older diabetic patients
did not differ compared to those in nondiabetic subjects; however,
the muscle quality was poorer and physical performance was impaired in diabetic subjects with poor glycemic control. The Korean
Frailty and Aging Cohort Study (KFACS) also showed that community-dwelling older men and women with diabetes had a decreased muscle mass index (ASM/body mass index) and handgrip
strength but that only women with diabetes showed decreased
physical performance compared to non-diabetic participants (unpublished data). The KFACS indicated a prevalence of sarcopenia
of approximately 13% in Korean older adults with diabetes according to the definition from the Asian Working Group for Sarcopenia;
however, there was no significant difference in the prevalence of
sarcopenia compared to that in non-diabetic participants.
The presence of diabetes accelerated the decrease of muscle
mass, strength, and quality because of the associated insulin resistance and diabetes complications;9,35) however, the underlying
mechanisms of these associations remain unclear. Insulin resis-
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tance inhibits the mTOR pathway that leads to protein synthesis
and decreases protein degradation.36) Insulin resistance also increases activation of the ubiquitin-proteasome pathway, resulting
in the degradation of muscle protein.37) Chronic hyperglycemia increases the production of advanced glycation end products
(AGEs). AGEs may contribute to sarcopenia through increased inflammation and endothelial dysfunction in the microcirculation of
skeletal muscle; they also accumulate in the skeletal muscle and
cartilage and increase stiffness in patients with diabetes.38,39)
Diabetic peripheral neuropathy is a common complication of
diabetes, especially in older adults, and leads to sarcopenia in people with diabetes. Patients with peripheral neuropathy had higher
calf intermuscular adipose tissue, which was associated with poor
muscle strength and function.40) Recently, Oh et al.41) demonstrated that the muscle strength, as measured by handgrip strength, was
lower in Korean men with diabetic neuropathy than that in those
without neuropathy. The presence of diabetes was also associated
with an increase in inflammatory cytokine levels. Increased levels
are likely to be associated with both frailty and sarcopenia.42)
Moreover, systemic inflammatory cytokines, such as tumor necrosis factor and interleukin-6, have detrimental effects on muscle
mass, strength, and physical performance in older adults.43)

SARCOPENIA, FRAILTY, AND GERIATRIC SYNDROME
IN DIABETES
Sarcopenia is a syndrome characterized by a progressive and generalized loss of skeletal muscle mass with either muscle weakness or
poor physical performance.14) Frailty is a state of increased vulnerability to minor stressors because of decreased physiological reserve
in multiple organ systems, which increases the risk of poor health
outcomes including fall, hospitalization, disability, and death.9) The
KFACS demonstrated a prevalence of frailty in Korean older men
and women with diabetes of 5.5% and 9.5%, respectively, based on
the Cardiovascular Health Study frailty phenotype criteria (unpublished data). The prevalence of frailty in women with diabetes was
2-fold higher than that in those without diabetes but the difference
in the prevalence of frailty between older men with diabetes and
those without diabetes was not statistically significant.
Sarcopenia and frailty have a commonality and may share similar pathways for functional decline or disability in older adults.9,35)
Sarcopenia may be an intermediate step in the development of
frailty in patients with diabetes because sarcopenia is one component of the frailty phenotype.44) Thus, sarcopenia may progress to
physical frailty, then deteriorate to physical disability, and finally
cause death in older adults (Fig. 1). The presence of diabetes increased the risk of sarcopenia and frailty by 2-fold and 1.5–4-fold,
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Fig. 1. Additive effects of aging and diabetes on muscle dysfunction.
Sarcopenia is a major component of frailty. Diabetes accelerates the
progression of sarcopenia to frailty, ultimately leading to disability,
functional dependence, and death. Geriatric syndrome includes falls,
incontinence, pressure ulcer, delirium, functional dependence.

respectively.45) A meta-analysis showed that diabetes was associated with an increased odds of difficulties with activities of daily living (ADL) and instrumental activities of daily living (IADL) compared to those without diabetes (odds ratio = 1.82, 95% confidence
interval 1.63–2.04 and odds ratio = 1.65, 95% confidence interval
1.55–1.74, respectively).7)
Fall is a major geriatric syndrome and is detrimental to quality of
life; it is associated with activity avoidance, hospitalization, and
even mortality.46) Fall is highly prevalent in older adults with diabetes, with annual incidence rates of 39% in those over 65 years of
age and even higher in those with poor glycemic control and insulin treatment.47)

CONCLUSION
Diabetes, sarcopenia, and frailty are associated with functional decline, disability, and mortality. Diabetes accelerates the age-associated muscle loss and progression of muscle weakness that lead to
the early pathophysiologic process of frailty. Thus, the management of frailty in patients with diabetes should initially focus on
sarcopenia prevention.
Assessment of functional status and screening of sarcopenia
and/or frailty in older adults with diabetes should be mandatory8)
to promote early interventions based on physical exercise and nutrition education.
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