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Aging, physical activity, and diabetic complications related to
loss of muscle strength in patients with type 2 diabetes
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ABSTRACT. Patients with type 2 diabetes may have motor dysfunctions such as loss of muscle strength.
Compared with non-diabetic subjects, patients with diabetes show decreased lower extremity muscle
strength. The aim of this review was to describe the influence of factors associated with loss of muscle
strength in patients with type 2 diabetes. Aging promotes an accelerated loss of muscle strength in patients
with diabetes. Physical inactivity may cause a decline in muscle strength in patients with diabetes. Gradual
loss of muscle strength is related to the presence and severity of diabetic neuropathy. Diabetic nephropathy
may be a factor contributing to loss of muscle strength, because decrease in skeletal muscle mass is a hall-
mark of end-stage renal disease. Resistance exercise is an essential component of diabetes treatment regi-
mens and also plays a role in the prevention and management of sarcopenia. Intensive physical therapy in-
tervention should be provided to patients with diabetes having decreased muscle strength.
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The prevalence of type 2 diabetes is increasing world-
wide". According to a previous study, diabetic patients may
present with motor skills deficits”; additionally, an early de-
cline in physical function with age has been associated with
type 2 diabetes”. These facts represent a serious problem, as
the number of people aged >65 years is expected to con-
tinue to rise in developed countries such as Japan, Ger-
many, and Italy”. The discovery of more effective measures
to prevent movement disorders® is essential for patients
with diabetes in a country with an increasingly aging popu-
lation. In the elderly, mobility-related fatigue is associated
with slower walking speed, and current evidence suggests
that muscle strength is one of the underlying factors ex-
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plaining this association”. Furthermore, in elderly patients,
leg muscle strength has been shown to be associated with
balance and mobility skills”. Therefore, it is important that
healthcare professionals and medical teams pay attention to
the loss of muscle strength in patients with diabetes.

In the present review article, we describe the influence
of factors associated with loss of muscle strength in patients
with type 2 diabetes.

Muscle Strength in Diabetes

Insulin resistance, hyperglycemia, muscle fat infiltra-
tion, peripheral neuropathies, and oxidative stress are hy-
pothesized as the fundamental biological mechanisms lead-
ing to impairments in muscle strength in people with diabe-
¥ Qur previous study suggested that knee extension
force (KEF) is independently associated with insulin resis-
tance in patients with type 2 diabetes'” (Table 1). These
factors are likely to affect muscle strength in patients with
type 2 diabetes.

We examined reference values for KEF (kgf; absolute
value) and %KEF (%}; body weight ratio) based on data
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from type 2 diabetic patients with a wide age range who did
not have diabetic polyneuropathy (DPN). In type 2 diabetic
patients without apparent DPN compared with non-diabetic
subjects, KEF and % KEF may be reduced by approxi-

11)

mately 10% and 20%, respectively .

Aging Muscle and Relation to Diabetes

There is an interrelationship between muscle strength
and aging'. A natural decrease in muscle strength occurs
with increasing age; however, patients with type 2 diabetes
show greater decline in muscle strength with age™'*. Fur-
thermore, accelerated loss of muscle strength is observed in
elderly patients with type 2 diabetes '’
strength is a predictor of functional limitations'®’; muscle
strength is also the single best measure of age-related mus-
cle change and is associated with physical disability in in-
strumental activities of daily living. Moreover, diabetes-
related loss of muscle strength predisposes this population
to a higher fall risk'™"".

. Loss of muscle

Regular Physical Activity and Physical Function
in Patients with Diabetes

Physical activity (PA) has been associated with better
mobility in the elderly**”. The associations between physi-
cal inactivity and type 2 diabetes is well known®". The rela-
tionship between PA and physical function (PF) is bidirec-
tional, with PF more consistently predicting declines of
PA™. In a sex-specific univariate analysis, KEF was signifi-
cantly higher in patients who regularly exercised than in pa-
tients who did not regularly exercise”’. Moreover, in the
multivariate analyses using age and other parameters as co-
variates, KEF was found to be a significant explanatory
variable of regular exercise in both men and women, sug-
gesting that muscle strength could influence regular exer-
cise behavior.

Loss of Muscle Strength Related to
Diabetic Neuropathy

Demyelination and axonal degeneration are estab-
lished hallmarks of diabetic neuropathy (DN) pathophysiol-
ogy*”. One of the common forms of DN is DPN, which is
further classified into a sensory nerve disorder, motor nerve
disorder, or autonomic nerve disorder. DPN is a diabetic
complication to most clinically combine to patients with
diabetes. In our previous study, the incidence of DPN was
37.7% in 1,442 patients with type 2 diabetes™.

The gradual loss of muscle strength in type 2 diabetes
is related to the presence and severity of DPN*’. No
population-based studies on this topic have been carried
out, and the characteristics of diminished muscle strength
according to sex or age group have not been determined. In

our previous study, comparisons of KEF according to sex
and age group showed neither men nor women aged 30-49
years had a significant difference in KEF based on their
DPN status. On the other hand, both men and women par-
ticipants aged 50-69 years and 70-87 years with DPN
showed a significantly diminished KEF by 10.9-16.5%
compared with those without DPN*’. These results show
that DPN might accelerate lower extremity muscle strength
decline in middle-aged and elderly type 2 patients with dia-
betes.

Loss of Muscle Strength Related to
Diabetic Nephropathy

Diabetes affects the small blood vessels in the
glomerulus, a key structure in the kidney composed of cap-
illary blood vessels. Diabetic nephropathy represents a
leading cause of ongoing dialysis*”, accounting for 38.4%
of dialysis usage in Japan in 2015,

Chronic kidney disease (CKD) as a clinical entity is a
relatively new concept, with diabetes and high blood pres-
sure being listed as the two main causes™. It is known that
elderly patients with CKD show decreased physical func-
tion, quality of life, and mental health™. Sato et al. reported
that the causative pathological mechanism of uremic sarco-
penia is metabolic alterations by uremic toxin indoxyl sul-
fate in a mouse model of CKD’". Moreover, a significant
inverse association between plasma indoxyl sulfate and
skeletal muscle mass in CKD patients was observed in
clinical research™’. Previous reports indicate that indoxyl
sulfate may be a pathogenic factor for sarcopenia in CKD.
These facts show that skeletal muscle dysfunction and poor
exercise tolerance are hallmarks of end-stage renal disease.

Exercise for Loss of Muscle Strength in
Patients with Diabetes

Exercise therapy is well-established as a fundamental
treatment for patients with type 2 diabetes™. Two possible
exercise interventions for type 2 diabetes are aerobic and
resistance exercise; more specifically, moderate- or high-
intensity resistance exercise has been reported as a poten-
tially effective means to improve muscle strength and
physical function®
to treat diabetes-related loss of muscle strength and prevent
and manage sarcopenia. However, strict blood pressure
control is required according to the severity of the diabetic
complications such as diabetic retinopathy and diabetic
nephropathy*”. High-intensity exercise therapy raises blood
pressure; therefore, it is essential to make the appropriate
individual adjustments.

. Resistance exercise is a crucial means
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Conclusion

This review discussed factors related to the loss of
muscle strength in patients with type 2 diabetes. There is an
acceleration in the typical age-related decrease in muscle
strength in elderly patients with diabetes. Current literature
shows that the presence of DPN is the main factor contrib-
uting to loss of muscle strength in patients with type 2 dia-
betes; this fact is especially clear in middle-aged and eld-
erly patients. Skeletal muscle dysfunction and poor exercise
tolerance are hallmarks of end-stage renal disease. Intensive
physical therapy intervention should be provided to diabetic
patients with a loss of muscle strength™.
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