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Abstract Type 2 diabetes, a common metabolic disease in

older people, is a major risk factor for functional limitation,

impaired mobility, and loss of independence. In older

people, the pathogenesis of functional limitation and dis-

ability is complex and multifactorial. A number of poten-

tial pathways are involved including cardiovascular

disease, peripheral neuropathy, overweight, osteoarthritis,

visual deficit, and cognitive impairment, conditions that are

all more prevalent among patients with diabetes. Sar-

copenia, a geriatric condition characterized by a progres-

sive and generalized loss of skeletal muscle mass and

strength, is also involved in the pathogenesis of functional

limitations and disability. Recent research has shown that

older patients with type 2 diabetes are often affected by

skeletal muscle impairment, leading to reduced muscle

strength and physical function. Insulin resistance, hyper-

glycemia, muscle fat infiltration, and peripheral neu-

ropathies are hypothesized as the fundamental biological

mechanisms leading to muscle impairment in people with

diabetes. This review summarizes the current literature on

the biological pathways responsible for skeletal muscle

dysfunction in type 2 diabetes and analyzes the role of

decline in muscle strength and quality on the association

between diabetes and mobility disability.

Keywords Diabetes � Muscle mass � Muscle strength �
Disability � Aging

Introduction

Diabetes mellitus is common in older people, with a high

prevalence in industrialized countries [1]. Recent statistics

show that diabetes affects 382 million adults worldwide,

and this number is estimated to rise to 592 million by 2035

due to the ongoing demographic transition and the pro-

gressive aging of the overall population [2]. Type 2 dia-

betes is the most common form of this disease, accounting

for approximately 90 % of cases diagnosed [3], and it has

been consistently reported as one of the strongest correlates

of mobility limitation, especially in older people, and a

potential risk factor for future mobility disability and loss

of independence [4].

The American Diabetes Association and the American

Geriatrics Society recently released a consensus report to

emphasize the growing frequency of geriatric conditions in

older adults with diabetes mellitus, highlighting the need

for clinical studies to determine how functional decline

may be prevented in this population [5]. Elucidating the

specific contributors to functional decline in older adults

with diabetes is important for patients and health-care

systems in terms of quality of life and health-care costs.

The mechanisms for loss of mobility and independence in

type 2 diabetes are poorly understood. Long-term compli-

cations and diabetes-related comorbidities only partially

explain the excess risk of disability associated with dia-

betes [6]. Changes in body composition, in particular

progressive loss of muscle mass and, increase in fat mass,

with decline in muscle strength and quality (defined as a

composite measure of muscle strength standardized for

muscle mass) have been proposed as additional potential

mediators of the association between diabetes and dis-

ability [7]. This review analyzes the role of different bio-

logical mechanisms explaining the association between
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diabetes and mobility disability, focusing on decline in

muscle strength and muscle quality.

Diabetes-related change in body composition

Type 2 diabetes is generally associated with overweight

and obesity. These conditions can be considered not only

important causes of type 2 diabetes, but also consequences

of the disease itself that typically involve changes in fat

distribution and muscle mass. Several studies have evalu-

ated fat distribution in diabetic patients. A significantly

higher trunk and visceral fat distribution [8] and a

reduction in total leg fat mass caused by a lower subcuta-

neous adipose tissue [9] are associated with more intra-

muscular and intermuscular adipose tissue deposition

[8, 9]. A number of epidemiological studies conducted in

different populations have investigated the distribution of

muscle mass according to diabetes status, using different

analytic approaches, and provide conflicting results

(Table 1) [7, 10]. Park et al. [10] demonstrated that in both

sexes, the presence of diabetes was associated with a sig-

nificantly higher appendicular (arms and leg) muscle mass.

In the Invecchiare in Chianti (InCHIANTI) Study, an

Italian population-based cohort study, older persons with

diabetes had a larger cross-sectional calf muscle area,

Table 1 Major population-based studies investigating skeletal muscle mass distribution according to diabetes status and study design

Study reference Population

(n diabetics)

follow-up

Skeletal muscle groups

(and methods)

Results

Cross-sectional studies

Health ABC

Park et al. [10]

2618

(485)

Total lean mass (DEXA)

Leg muscle mass (DEXA)

Arm muscle mass (DEXA)

Significantly higher in diabetic participants

Significantly higher in diabetic participants

Significantly higher in diabetic participants

InCHIANTI

Volpato et al. [7]

835

(95)

Crude calf muscle area (CT)

Standardized calf muscle area (CT)

Significantly higher in diabetic participants

No difference between groups

Look AHEAD

Heshka et al. [11]

1560

(1318)

Whole body lean mass (DEXA)

Trunk lean mass (DEXA)

Leg lean mass (DEXA)

Arm lean mass (DEXA)

Significantly higher in diabetic participants

Significantly higher in diabetic participants

Significantly lower in diabetic participants

No difference

KSOS

Kim et al. [12]

810

(414)

Total lean mass (DEXA)

Appendicular skeletal muscle mass/

height2 (DEXA)

Skeletal muscle index (total skeletal

muscle mass/weight) (DEXA)

Significantly lower in diabetic male participants, no

difference in women

Significantly lower in diabetic female participants, no

difference in men

Significantly lower in diabetic participants

Baltimore

Longitudinal Study

of Aging

Kalyani et al. [13]

587

(-)

Standardized midthigh muscle area

(CT)

Inversely associated with higher fasting and OGTT values of

both glucose and insulin

Prospective studies

Community-dwelling

chinese cohort

Lee et al. [14]

3153

(442)

4 years

Total lean mass (DEXA)

Appendicular lean mass (DEXA)

Significant loss in diabetic participants

Significant loss (adjusted for diabetes-related conditions) in

diabetic participants

Health ABC

Park et al. [15]

2675

(632)

6 years

Midthigh muscle cross-sectional area

(CT)

Total lean mass (DEXA)

Trunk lean mass (DEXA)

Appendicular lean mass (DEXA)

Significant loss in diabetic female

Significant loss in undiagnosed diabetic participants

No difference

Significant loss in undiagnosed diabetic participants

MrOS

Lee et al. [16]

3752

(1403 IFG, 496

diabetics)

3.5 ± 0.7 years

Total lean mass and appendicular lean

mass (DEXA)

Significant loss in participants with untreated diabetes,

diabetes treated without insulin sensitizers, or IFG

Significant lower loss for diabetic participants treated with

insulin sensitizer

DEXA dual-energy X-ray absorptiometry, CT computed tomography, Health ABC Health, Aging, and Body Composition Study, InCHIANTI

Invecchiare in Chianti, KSOS Korean Sarcopenic Obesity Study, MrOS Osteoporotic Fractures in Men Study, IFG impaired fasting glucose
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although this difference disappeared after standardization

for body mass [7]. By contrast, data from the Look

AHEAD trial indicated that participants with type 2 dia-

betes, despite having more trunk lean mass, had lower leg

lean mass compared with controls and no differences in

arm lean mass, highlighting that diabetes may affect not

only the amount of muscle mass but also its distribution

[11]. The Korean Sarcopenia Obesity Cohort Study showed

that in men with diabetes total lean body mass and skeletal

muscle index (SMI, lean mass standardized to body

weight) were lower than in control subjects, even after

adjustment for age, body mass index (BMI), health-related

behaviors, medications, and metabolic parameters. In the

women in this study, not only SMI but also appendicular

lean mass was lower in patients with diabetes than in

nondiabetic counterparts. In this study, prevalence of sar-

copenia, defined as SMI\2 SD below the mean value of a

young reference group, was significantly greater in par-

ticipants with diabetes and this association was more robust

in subjects older than 60 years (19.0 vs. 5.1 % in men and

27.0 vs. 14.0 % in women with and without diabetes,

respectively) [12]. Participants without diabetes in the

Baltimore Longitudinal Study of Aging, showed the pres-

ence of impaired fasting glycemia and hyperinsulinemia

after an oral glucose tolerance test were associated with

lower muscle mass, suggesting that glucose and insulin

levels could have an early effect on muscle mass even in

the absence of diabetes [13].

Longitudinal studies have found that older adults with

type 2 diabetes experience an accelerated loss of muscle

mass compared to normoglycemic counterpart. In a study

among 3153 older Chinese adults, participants with type 2

diabetes showed an accelerated appendicular lean mass

loss over a period of 4 years, independently of the diabetes-

related conditions studied [14]. Park et al. [15] using data

from the Health ABC Study demonstrated that older adults

with either diagnosed or undiagnosed type 2 diabetes

showed excessive loss of appendicular lean mass and trunk

lean fat mass compared with nondiabetic subjects. The

decline in muscle mass was higher in previously undiag-

nosed diabetic participants suggesting that the most

important loss of lean mass might happen in the early

stages of the disease or when diabetes is untreated [13, 15].

Similarly, data from the Osteoporotic Fractures in Men

(MrOS) Study showed that men with untreated diabetes,

diabetes treated without insulin sensitizers, or impaired

fasting glycemia had greater loss in total and appendicular

lean mass even after adjustment for medical comorbidities

or lifestyle factors. In contrast, the relative loss in total and

appendicular lean mass in men with diabetes treated with

insulin sensitizers was significantly lower than that in

normoglycemic men supporting a pivotal role of insulin

resistance in the pathogenesis of muscle mass loss [16].

Diabetes and muscle dysfunction

The biological mechanisms accounting for muscle strength

decline can arise from skeletal muscle factors, such as loss of

muscle mass, changes in muscle architecture and fiber type,

but also from neurological factors, such as decreased cortical

and spinal excitability, decreased maximal motor unit dis-

charge rate, and slowed nerve conduction. It follows that loss

of muscle mass is only one of the many potential factors

responsible for the amount of voluntary force output [17].

Epidemiological evidence

Anumber of population-based cohort studies have suggested

that older people with type 2 diabetes, despite having ade-

quate muscle mass because of their increased overall body

mass, tended to have lower muscle strength [10] and steeper

age-related decline in both muscle mass [15] and lower

extremity strength [18] (Table 2). As a consequence, the

concept of muscle quality that defines a composite measure

of muscle strength standardized for an indicator of muscle

mass has been introduced. As demonstrated using data from

the InCHIANTI Study, people with type 2 diabetes on

pharmacological therapy had statistically significant higher

muscle fat infiltration, lower muscle strength, muscle power,

and muscle quality (operationalized as the ratio of ankle

strength to the calf muscle area) compared with the nondi-

abetic counterparts (all P values\0.05) [7]. Among the 485

older adults with type 2 diabetes of the Health ABC Study,

male participants with diabetes showed higher arm and leg

appendicular muscle mass but significantly lower muscle

strength in both upper and lower extremities (P\ 0.05)

compared to controls. In women with diabetes, absolute arm

and leg strength were not significantly different from those

without diabetes, despite greater arm and leg regional mus-

cle mass. Muscle quality was therefore consistently lower in

both upper and lower extremities in all diabetic participants

compared with nondiabetic counterparts. These differences

were more robust in those with longer duration of the disease

and poor glycemic control, further supporting the negative

role of glycemic disregulation [10]. In a group of well-

functioning nondiabetic adults enrolled in the same popu-

lation study, Barzilay et al. [19] analyzed the association

between lower extremity strength and insulin resistance.

They demonstrated, in agreement with prior analyses, that

quadriceps strength per kilogram of muscle mass was

inversely associated with HOMA-IR, independently of other

factors negatively associated with strength such as age,

female sex, low physical activity, impaired fasting glucose,

and increased total body fat. Based on the National Health

and Nutrition Examination Survey (NHANES) data from

1999 to 2002, Kalyani et al. [20] found that diabetes was
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associated with significantly lower quadriceps strength and

quadriceps power, diabetes duration in men and women was

inversely associated with age-adjusted quadriceps strength

and power (all P B 0.001), whereas hemoglobin A1c was

not associated with muscle performance.

Similar results were found in South Asian Surinamese,

African Surinamese, Ghanaian, Dutch, Turkish, and

Moroccan people enrolled in the Healthy Life in an Urban

Setting (HELIUS) study. van der Kooi et al. [21] demon-

strated that in all these ethnic groups, handgrip strength

Table 2 Major population-based studies investigating skeletal muscle strength and quality, according to diabetes status

Study Sample size

(n diabetics)

follow-up

Skeletal muscle

groups

Results Statistical adjustment

Cross-sectional studies

Health ABC

[10]

2618

(485)

Knee: extension

torque/muscle

mass

Hand: grip

strength/muscle

mass

Significantly lower in diabetic

participants

Significantly lower in diabetic

participants

Race, age, clinic site, and physical activity

Race, age, clinic site, physical activity, BMI

InCHIANTI [7] 835

(95)

Hip: abduction

and adduction

Hip: flexion and

extension

Knee: extension

torque and

flexion

Ankle: dorsi–

plantar flexion

Ankle: ankle

strength/muscle

area

All muscle performances were

significantly lower in diabetic

participants on pharmacological

therapy

None

NHANES [20] 2573

(321)

Knee: extension

torque

Significantly lower in diabetic

participants

Negatively associated with diabetes

duration

Age, race, education, gender, smoking, weight,

height, physical activity, CRP

Age

HELIUS Study

[21]

12594

(1470)

Hand: grip

strength

Significantly lower in diabetic

participants of all ethnic groups

None

Prospective studies

Health ABC

[18]

1840

(305)

Fu: 3 years

Knee: extension

torque

Knee: extension

torque/muscle

mass

Hand: grip

strength

Hand: muscle

quality

Significant loss in diabetic participants

No significant difference

Age, gender, race, clinic site, education,

smoking, drinking, BMI, physical activity,

baseline strength or quality, changes in leg

lean mass, comorbidities, cytokines

Age, gender, race, and clinic site

SOF [23] 2864

(184)

Fu:

4.9 years

Hand: grip

strength

No significant difference Age, race, clinic site, baseline physical

performance measure, BMI, self-rated health,

hypertension, and estrogen use

Baltimore

Longitudinal

Study of

Aging [26]

984

(147)

Fu:

1.9 years

Knee: extension

Knee:: extension

torque/muscle

mass

Significant loss in diabetic participants

Significant loss in diabetic participants

Age, race, gender, weight, and height, physical

activity, NCV

Age, race, gender, weight, and height

BMI body mass index, CRP C-reactive protein, NCV, nerve conduction velocity, Health ABC Health, Aging, and Body Composition Study,

InCHIANTI Invecchiare in Chianti, NHANES National Health and Nutrition Examination Surveys, SOF Study of Osteoporotic Fractures,

HELIUS Healthy Life in an Urban Setting
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was lower among diabetic participants than in normo-

glycemic counterpart.

Most of the above-mentioned studies were designed to

investigate the relationship between type 2 diabetes and

mobility disability and were therefore focused on the

assessment of lower extremity muscle strength. Only a few

studies specifically investigated the association between

diabetes and upper extremity muscle strength, with con-

troversial results. In a case–control study of 72 individuals,

participants with type 2 diabetes, despite having signifi-

cantly lower knee and ankle muscles strength, had very

similar isokinetic strength of extensor and flexor muscles at

the wrist and elbow [22]. Similarly, older women with

diabetes enrolled in the Study of Osteoporotic Fractures

(SOF) tended to have a greater, although not significant,

grip strength compared to women without diabetes [23]. By

contrast, both in the Hertfordshire Cohort Study and in a

more recent case–control study conducted in 92 Dutch

subjects, diabetic patients had significant lower handgrip

strength compared to normoglycemic controls [24, 25].

A longitudinal analysis of the Health ABC Study

demonstrated that older men and women with diabetes had

a steeper decline in lower extremity muscle strength and

quality over time [18]. Data from the Baltimore Longitu-

dinal Study of Aging confirmed these results, finding a

statistically significant trend of decreasing muscle strength

and quality across higher HbA1c categories during the

follow-up [26]. Conversely, older women with diabetes

mellitus enrolled in the SOF Study did not show any sig-

nificantly steeper decline in handgrip strength compared to

participants without diabetes mellitus [23]. Taken globally

these results indicate that patients with diabetes or unrec-

ognized diabetes are more likely to experience accelerated

loss of muscle strength over time, particularly in the lower

extremities, compared with those without diabetes.

Biological mechanisms

Although ample evidence suggests that older patients with

diabetes have increased risks of muscle impairment and

disability, the underlying mechanisms of these associations

are not clear and still under investigation. Traditional long-

term diabetes complications, including peripheral neu-

ropathy and peripheral arterial disease, only partially

explain the diabetes-related impairment of skeletal mus-

cles, suggesting a direct impact of the metabolic disregu-

lation on the intrinsic structure and functional properties of

the muscle [27]. A number of potential mechanisms have

been investigated (Table 3), elucidating, at least partially,

the complex and multiple pathways involved (Fig. 1).

1. Insulin resistance and hyperglycemic muscle fat

infiltration

It is well established that high fasting and post-challenge

concentrations of both glucose and insulin are indepen-

dently associate with muscle loss and weakness in indi-

viduals without diabetes [13, 19, 28]. These findings

suggest that, since the early stages of type 2 diabetes

(preclinical phase), dysglycemia, insulin resistance, and

hyperinsulinemia might act as powerful risk factors for

accelerated loss of both muscle mass and strength.

Human skeletal muscle consists of slow-twitch oxida-

tive (type 1) and fast-twitch (type 2) fibers. According to

their metabolic properties, type 2 fibers can be further

categorized into type 2A, or fatigue-resistant/fast-twitch

oxidative fibers, type 2B, or fast fatigable/fast-twitch gly-

colytic fibers, and 2X fibers that have twitch properties

similar to those of 2A and 2B units and a resistance to

fatigue intermediate between those of 2A and 2B [29].

Slow-twitch fibers are more insulin-sensitive and more

insulin-responsive compared with fast-twitch fibers [30]. In

patients with type 2 diabetes, the fraction of slow fiber has

been reported to be lower compared with either obese or

healthy control subjects [30] and GLUT4 expression that is

normally higher in slow fibers [31] was found to be

reduced in obese subject and further decreased in type 2

diabetic patients [30]. These specific changes in fiber type,

concentration, and GLUT distribution may contribute to

the reduced insulin-stimulated glucose uptake in skeletal

muscle in type 2 diabetes. Since aging is also associated

with reduction in the number and size of fast-twitch fibers

[32], older people with diabetes might be affected by a

negative synergistic effect of the age-related pathophysio-

logical changes and diabetes-mediated impairments. Insu-

lin resistance is more common in older than in younger

individuals with diabetes, and it is directly linked to slow

walking speed [33] and frailty [34]. Reduced insulin sig-

naling leads to decreased protein synthesis and increased

activation of protein degradation pathways that might

ultimately lead to muscle loss. A complex intracellular

insulin signaling cascade [35] may trigger a vicious circle

that, through autophagy, muscle protein degradation and

mitochondrial dysfunction eventually lead to muscle

impairment [36]. The resulting loss of muscle mass leads to

a decreased surface area for glucose transport that may

potentially exacerbate insulin resistance. The progression

of mitochondrial dysfunction may also worsen insulin

resistance [37]. Individuals with type 2 diabetes may be

genetically predisposed to skeletal muscle impairment.

Important individual variability can be detected in the fiber

type composition of human skeletal muscles. Results of a

large study including 270 healthy sedentary and 148

physically active individuals of both sexes suggested that

the proportion of type 1 fibers in the human vastus lateralis

may vary from 15 to 85 % [38]. Analyses of muscle

biopsies from monozygotic and dizygotic twins indicate
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that almost 50 % of this variance is associated with genetic

factors [39].

Hyperglycemia itself and in particular high fluctuations

of glycemia over time may be related to decreased skeletal

muscle mass through multiple pathways. Potential expla-

nations include the relationship of hyperglycemia with

elevated inflammatory factors, decreased physical activity,

and comorbidities, such as neuropathy [26]. Kalyani et al.

[26] found that among the 5434 older adults without known

diabetes enrolled in the NHANES Study, hyperglycemia

was independently associated with lower lean mass even

after adjustment for these potential confounders. A grow-

ing body of evidence supports the concept that hyper-

glycemia could directly affect the intrinsic abilities of the

muscle to generate force [27]. The mechanisms may be a

toxic effect on skeletal muscle mitochondrial activity [40]

or glycation of skeletal muscle myosin [41].

2. Muscle fat infiltration

Overweight and obesity are common among older per-

sons with type 2 diabetes, and elevated BMI has been

related to increased fat infiltration into the skeletal muscle

[42]. Several epidemiological studies suggest that skeletal

muscle fat infiltration influences muscle strength, resulting

in both decreased muscle density and loss of muscle quality

[42, 43]. Intermuscular adipose tissue, defined as visible

adipose tissue beneath the muscle fascia and between

muscle groups, is also negatively associated with insulin

sensitivity in individuals with type 2 diabetes mellitus and

with reduction in both oxidative activity and maximal

aerobic capacity [44]. As a consequence, it has been

demonstrated that in older persons, fat infiltration increases

the risk of mobility disability over time [45].

3. Chronic inflammation and oxidative stress.

Recent studies have reported that peoplewithdiabetes have

increased circulating levels of inflammatory markers,

including interleukin-6 (IL-6), tumor necrosis factor (TNF)-

alpha, and C-reactive protein (CRP) [46–48]. These inflam-

matory markers have been related to both insulin resistance

and other conditions associatedwith insulin resistance such as

obesity, hypertension, or dyslipidemia [47]. TNF-alpha plays

Table 3 Potential biological

mechanism explaining the

diabetes-related muscle

dysfunction

Mechanism

Insulin Resistance Increased protein degradation

Decreased protein synthesis

Mitochondrial dysfunction

Hyperglycemia Mitochondrial dysfunction

Glycation of skeletal muscle myosin

Oxidative Stress

Chronic inflammation and oxidative Stress Deregulation of protein synthesis and breakdown

Mitochondrial dysfunction

Muscle apoptosis

GLUT-4 down-regulation

Inhibition of insulin receptor activity

Obesity Muscle fat infiltration

Reduced insulin sensitivity

Worse inflammatory status

Reduced oxidative activity and maximal aerobic capacity

Physical inactivity Increased weight

Worse glycemic control and glucose tolerance

Increased insulin resistance

Increased risk of diabetic complications

Worse inflammatory status

Increased intermuscular adipose tissue

Diabetes complication

Peripheral arterial disease Muscle atrophy

Muscle apoptosis

Worse oxidative metabolism

Worse NVC

Diabetic peripheral neuropathy Muscle atrophy
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a mechanistic role in insulin resistance through the down-

regulation of GLUT-4 and inhibition of insulin receptor

activity [49]. IL-6 could affect insulin sensitivity directly,

through the inhibition of insulin transcription factor, or indi-

rectly, inducing liver CRP synthesis [47, 50].

Hyperglycemia is one of the most important factors

responsible for the development of oxidative stress in

diabetes mellitus that may cause damage to cells, tissues,

and biomolecules by means of the increased generation of

reactive oxygen species [51]. Oxidative stress and molec-

ular inflammation by themselves or combined with IR play

an important role in age-related muscle atrophy. These

factors may interfere with the balance between protein

synthesis and breakdown, may cause mitochondrial dys-

function, and may induce apoptosis leading to fiber atrophy

and fiber loss, and eventually to sarcopenia [51].

4. Physical inactivity.

Older people with diabetes, and in particular those

simultaneously affected by overweight and obesity, often

have limited leisure physical activity and physical inac-

tivity may contribute to the age-related reduction in muscle

mass and strength and to the development of disability

[52, 53]. Reduced muscle mass in the lower extremities has

been associated with a more sedentary lifestyle that in turn

may contribute to the onset and progression of sarcopenia.

Furthermore physical inactivity results in weight gain and

worse glycemic control, culminating in a higher risk of

diabetic complications [54] that could further exacerbate

physical inactivity.

Aerobic exercise might improve insulin resistance and

glucose tolerance [55], preventing the onset of obesity and

diabetes mellitus complications [56], and may have a direct

positive effect on the inflammatory status that has been

involved to the development of sarcopenia and functional

limitation [57]. Reduced physical activity has been asso-

ciated with greater insulin resistance and increase in

intermuscular adipose tissue [58].

In addition to aerobic exercise, resistance training

exercise has been associated in several studies with weight

loss, adipose tissues reduction, increase in fat free mass,

and eventually in amelioration of insulin resistance

[59, 60].

5. Diabetic complications.

Chronic long-term complications of diabetes have been

implicated in the pathogenesis of muscle impairment in

type 2 diabetic patients. Lower extremity peripheral arterial

disease (PAD) may functionally impair lower limb skeletal

muscles by means of decreased blood flow that could lead

to muscle atrophy, fewer muscle cells, and worse oxidative

metabolism [61]. Arterial stiffening, a dysfunction in blood

vessel dynamics, has been related to reduced lower

extremity blood flow volume in type 2 diabetic patients as

well as to reduced muscle mass decline in the general

population [62, 63]. PAD is also associated with poor nerve

conduction velocity (NCV) and with impaired lower

extremity functioning in persons with and without symp-

toms of intermittent claudication [61]. In addition to PAD,

the autonomic nervous system plays a major role in cap-

illary recruitment, and in patients with diabetes, subclinical

autonomic nervous system alterations might affect con-

traction by reducing blood supply to the exercising muscle

[64].

Diabetic peripheral neuropathy (DPN) is another long-

term detrimental complication of type 2 diabetes that

directly predisposes diabetic patients to disability in daily

life activities [6]. DPN, through sensory impairment,

affects position sense leading to ataxia [65] and reduces

movement perception at the ankle, which is thought to

contribute impaired dynamic balance control, slow walking

speed and increased risk of falling [66, 67]. DPN, by means

of sensory and motor impairment, is involved in foot

ulceration that is a common cause of lower extremity dis-

ability and amputation [68].

In addition to these effects on postural stability and gait,

DPN may facilitate the development of muscle atrophy and

strength reduction through muscle denervation caused by

loss of motor axons combined with insufficient re-inner-

vation [69]. Numerous clinical and experimental research

Type 2 Diabetes 

Muscle dysfunction 

Hyperglicaemia 
Chronic inflammation 

Oxidative stress 
Diabetes complications  

Impaired Mobility 

Obesity 

Total and intra-
abdominal fat 

Inflammation and  
insulin resistance 

Reduce physical activity 

↓Muscle mass and strength 

Muscle atrophy & apoptosis 
Muscle fat infiltration 

Fig. 1 Putative model of the pathway from diabetes to impaired

mobility
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studies have demonstrated that diabetes is responsible for

an accelerated decline in muscle mass [27] that occurs first

in the foot muscles and successively progresses to the

lower legs [67]. This decline is related to the severity of

DPN and is more pronounced distally, supporting the

concept that the neuropathic process might depend on the

length of the nerve [70]. DPN has also been shown to be

responsible for a significant reduction in strength of the

proximal muscle groups, in particular the flexor and

extensor muscles of the knee [22]. Andersen et al. [22]

found a reduction in muscle strength at the ankle and knee

in diabetic patients with peripheral neuropathy; this

reduction was related to severity of DPN and was inde-

pendent of the degree of nephropathy, retinopathy, or the

metabolic abnormalities associated with diabetes. Long-

term diabetic patients with symptomatic neuropathy are

subject to a progressive decline of muscle strength at the

ankle, whereas diabetic patients without neuropathy pre-

serve their muscle strength [71].

Diabetes and physical function

Several epidemiological studies conducted in different

populations have shown that diabetes is associated with

functional limitation and physical disability, defined as

difficulty in performing routine physical tasks [72, 73].

Cross-sectional and longitudinal studies demonstrated

that older diabetic adults show greater difficulty in walking

one-quarter of a mile, climbing stairs, raising from a chair

five times, and standing in a tandem position, compared

with normoglycemic people [74]. With regard to physical

disability, several studies have shown a strong association

between diabetes and difficulty in both basic (ADL) and

instrumental activity of daily life (IADL) [73]. A recent

meta-analysis showed that having diabetes was associated

with an increased odds of difficulties with ADL and IADL

compared with those without diabetes (OR 1.82, 95 % CI

1.63–2.04 and OR 1.65 95 % CI 1.55–1.74, respectively)

[73]. These associations were also confirmed in two lon-

gitudinal studies that demonstrated an increased risk of

incident disability for person with diabetes free of ADL

disability at baseline (RR 1.82, 95 % CI 1.40–2.36)

[75, 76].

The higher prevalence of functional limitation and dis-

ability in older adults with diabetes may be the result of a

multifactorial process including interaction between coex-

isting medical conditions, diabetes-related comorbidities

[6], poor glycemic control [77], and classical diabetes

complications, like PAD or DPN [6, 64].

However, considered together, these factors cannot fully

explain the association between diabetes, functional limi-

tation, and physical disability. As suggested by Volpato

and colleagues using data from the Women’s Health and

Aging Study, chronic conditions (including cardiovascular

diseases, peripheral arterial disease, peripheral neuropathy,

overweight, depression, and visual impairment) explained

\60 % of the diabetes-related excess risk of severe

walking limitation, whereas they explained about the 85 %

of the risk of ADL disability [6]. These data were con-

firmed also in the NHANES Study in which comorbidities,

like cardiovascular diseases, obesity, leg ulcer, chronic

kidney disease, visual impairment, hearing impairment,

memory problems, hip fracture, arthritis, chronic obstruc-

tive pulmonary disease, cancer, and level of glycemic

control, were associated with 59 and 72 % of the excess

odds for ADL and IADL disability observed in older adults

with diabetes [74]. The same researchers using data from

the InCHIANTI Study found that diabetes-related and

associated comorbidities explain only about 18 and 30 %

of the association between diabetes and functional limita-

tion in the 4- and 400-m tests, respectively [7].

Based on this evidence, it has been proposed that

sarcopenia might play an additional pathogenetic role in

the multiple steps of disablement process of people with

diabetes. A cross-sectional analysis of the InCHIANTI

Study showed that participants with diabetes had a slower

gait speed on both 4- and 400-m walking tests compared

to participants without diabetes. Adjustment for lower

limb muscle characteristics accounted for 24.3 and

15.1 % of walking speed difference comparing diabetic

and nondiabetic subjects in the 4- and 400-m walks,

respectively, suggesting an important mediating role of

sarcopenia in the determination of functional limitation

[7]. Van Sloten et al [78]. also showed that, among

patients with type 2 diabetes, decreased muscle strength

was associated with worse outcome of functional capacity

tests such as 6-min walk test, the timed ‘‘up and go’’ test,

and the stair climbing test. These results have been also

confirmed by Leenders et al. [25] who found that, among

older patients with type 2 diabetes compared with the

normoglycemic controls, the decline in leg extension

strength was paralleled by a poorer performance in the

sit-to-stand test.

In addition to muscle strength and quality, another

potential mediator for functional limitation in type 2 dia-

betic patients is muscular endurance. In parallel with

impaired muscle strength, diabetic patients can also expe-

rience premature muscle fatigue, with consequent reduc-

tion in work capacity [79]. A few studies reported a

significant reduction in muscular endurance in both lower

and upper limbs muscular groups [80]. It remains to be

clarified if and how these results depend on the type of

muscle contraction, on the body region considered, and on

the presence of comorbidities affecting neuromuscular

function [27].
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Conclusion and future direction

In the last two decades, a large amount of epidemiological

and clinical data demonstrated that lower extremity muscle

dysfunction and impaired mobility are more common in

older people with type 2 diabetes. These conditions strongly

affect the ability to maintain independence threatening the

quality of life of these patients and their relatives. As a

consequence, muscle dysfunction and mobility impairment

should be considered as long-term complication of diabetes.

Duration of the disease, age of the patient, and obesity are

well-established risk factors formuscle impairment,whereas

more recent data suggest a direct potential role for hyper-

glycemia and poor glycemic control.

Physical exercise has been proposed as a potential strat-

egy for preserving muscle mass and function deterioration in

patients with diabetes. For example, it has been widely

demonstrated that resistance exercise training can increase

total fat free mass and both muscle strength and quality in

patients with type 2 diabetes [81]. Among the 415 diabetic

participants enrolled in the Lifestyle Interventions and

Independence for Elders (LIFE) Study, a moderate-intensity

physical activity intervention reduced significantly the

incidence of major mobility disability [82]. Although insulin

sensitizer agents may potentially help in preserving muscle

mass and function, their benefit/risk profile has not been fully

established so far, and therefore, further studies are needed in

order to establish their efficacy and effectiveness for the

prevention and therapy of muscle impairment in older

patients with diabetes.
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