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Aim: The purpose of the present study was to distinguish the effects of both diabetes

mellitus type 2 (DM2) and diabetic polyneuropathy (DPN) on mobility, muscle strength

and health related quality of life (HR-QoL).

Methods: DPN patients (n = 98), DM2 patients without DPN (DC) (n = 39) and healthy subjects

(HC) (n = 19) performed isometric and isokinetic lower limb muscle strength tests. Mobility

was determined by a timed up and go test (TUGT), a 6 min walk test and the physical activity

scale for the elderly questionnaire. HR-QoL was determined by the SF36 questionnaire.

Results: DPN patients had moderate polyneuropathy. In both DPN and DC patients leg

muscle strength was reduced by 30–50% compared to HC. Muscle strength was correlated

with mobility tests, and reduced muscle strength as well as impaired mobility were associ-

ated with a loss of HR-Qol (all p < 0.05). We did not observe major differences in muscle

strength, mobility (except for the TUGT, p < 0.01) and HR-QoL between diabetic patients with

and without DPN.

Conclusion: DM2 patients, with and without DPN, have decreased maximal muscle strength

in the lower limbs and impaired mobility. These abnormalities are associated with a loss of

HR-QoL. The additional effect of moderate DPN was small in our patients.
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1. Introduction

Diabetes type 2 (DM2) is accompanied by a wide range of

impairments and several studies have shown that DM2 is

associated with a loss of mobility [1–4]. This limited mobility

encloses a broad range of daily activities. Limited mobility can

have a large impact on the independence of an individual once

basic daily activities such as rising from a chair, walking stairs

and doing groceries are impaired. Reduced muscle strength
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could be an important factor in this mobility loss and

Andersen et al. [5] showed in an earlier study that DM2 is

associated with loss of muscle strength around the ankle and

knee joint. The loss of mobility and muscle strength of the

lower extremities can enhance each other. Inactivity will lead

to loss of muscle mass, resulting in decreased muscle strength

and vice versa increased muscle weakness will lead to an

increased effort to be physical active. This will result in a

negative spiral of become less active, losing muscle strength,
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loss of independence and health related quality of life (HR-

QoL) [6].

Several factors could be responsible for the limited mobility

and decreased muscle strength in diabetic patients such as

intrinsic abnormalities in diabetic muscle, impaired capillary

recruitment, peripheral arterial disease and diabetic poly-

neuropathy (DPN) [5,7,8]. DPN occurs in approximately 20–40%

of all diabetic patients [9,10]. Furthermore, neuropathy has

been associated with impaired mobility, loss of muscle

strength and decreased HR-QoL, as reviewed elsewhere [7].

Earlier studies found that patients with severe DPN have

increased muscle weakness in lower extremities [5,11].

However, several studies have shown that diabetic patients

without DPN also have decreased muscle strength and volume

compared to healthy subjects [5,12,13]. The contribution of

polyneuropathy to the limited mobility and reduced and

reduced muscle strength is therefore still matter for debate.

In a recent accelerometer study we found that DPN and

handgrip strength were each independently associated with

an approximately 30% reduction in the daily number of steps/

day during a 1 week period [14]. However, the role of impaired

lower extremity muscle strength in the loss of mobility and

QoL in DM2 patients with and without DPN remains unclear.

Therefore, the aim of this study was to determine the effect of

the diabetic state per se and of DPN on lower extremity muscle

function, mobility and health-related QoL (HR-Qol). Further-

more, the relations between these primary outcome param-

eters were assessed.

2. Materials and methods

2.1. Subjects

Patients with DM2 (DC group) and DPN (DPN group) were

recruited in one university and four district hospitals in the

south of the Netherlands. Healthy subjects (HC group) were

recruited from a database that contained healthy volunteers

who participated in earlier studies. All subjects were at least 50

years and were excluded if diagnosed with severe cardiac

disease, renal insufficiency (creatinin > 180 mmol/L), intermit-

tent claudication, muscular disorders or rheumatoid arthritis.

In addition, DM2 patients were excluded if they had been

diagnosed with foot ulcers in the last six months prior to the

study, or had nerve damage not due to DPN. Written informed

consent was obtained from all participants and the protocol

was approved by the medical ethical committee of the

Maastricht University Medical Centre+.

2.2. Clinical assessment of polyneuropathy

Peripheral polyneuropathy was diagnosed and classified

based on a standardised clinical neurological examination

(CNE) in which a CNE score �5 indicates the presence of

peripheral neuropathy and a score of �15 is considered as

severe DPN [15]. In short, the CNE score is determined by

examining the Achilles tendon reflex, vibration awareness,

sharp–blunt discrimination, touch sense, position sense of the

hallux and manual assessment of extensor muscle strength of

the hallux and flexor muscle strength of the foot in which all
items are scored as either normal, impaired or absent (0–2

points). In addition, the scoring of light touch sense was

related to the anatomical level below which it is impaired (toe,

mid-foot, ankle, mid-calf and knee) (0–5 points). In an earlier

study of our group, were a sub population of the current

population was studied, EMG and CNE score resulted in the

same diagnosis of DPN in our DM2 patients [16].

2.3. Isometric and isokinetic muscle strength

Two dynamometers, the Cybex II (CMSI, Stoughton, MA) and

the Biodex System 3 (Biodex Medical Systems, New York),

were used to determine isometric and isokinetic muscle

strength of dorsal and plantar flexor muscles of the ankle joint

and the extensor and flexor muscles of the knee joint. Both

systems are frequently used in scientific studies and both

dynamometers are validated systems. According Gosker et al.

[17] both systems yield similar results. Half of all subjects were

tested on the Biodex and half on the Cybex.

2.4. Isometric test

To determine maximal, voluntary ankle joint moments,

participants were positioned in a 908 hip and knee flexion.

The subject’s ankle joint centre was aligned with the rotation

centre of the dynamometer. The dorsal and plantar ankle joint

moments were determined at four different angles; 808, 908,

1058 and 1208, where 808 equals maximal dorsal flexion and

1208 compares maximal plantar flexion. One single maximal

voluntary contraction was maintained approximately 3 s.

Between subsequent contractions subjects were allowed

2 min of rest. Passive ankle joint moments were measured

one second before the contraction. This passive moment

resulted from the weight of the foot, the tension of passive

structures and the weight of the arm of the dynamometer.

Depending on the joint angle, the passive moment could be in

dorsal or plantar flexion direction. The recorded maximal

moments were corrected for these passive moments. A similar

protocol was used to determine maximal voluntary muscle

strength for the knee joint flexors and extensors. Subjects

were positioned in a 908 hip flexion. Maximal voluntary knee

joint moments were assessed at five angles: 308, 508, 708, 908

and 1008, where 08 represented a fully extended leg. All

measurements were performed in the right leg.

Maximal strength was determined by fitting a second

degree polynomial function to the joint moment data at

subsequent joint angles. The highest value of this fitted

polynomial was considered the maximal strength. All joint

moments were normalized for body mass [16].

2.5. Isokinetic test

The subjects were positioned the same as during the isometric

tests. The participants were asked to push and pull as hard and

fast as possible over their maximal range of motion with

verbal encouragement of the researcher. The joint angular

velocity was set on 1208/s. Subjects performed 20 repetitions.

The work of each of these plantar and dorsal flexion

repetitions of the ankle and extension and flexion repetitions

of the knee was calculated and expressed as Nm/kg. To



Table 1 – Demographic, neurological and blood para-
meters.

DPN DC HC P-value

N 98 39 19

Sex

(male/

female)

80/18b 20/19 15/4b 0.001

Age (yr) 67 � 8 62 � 7a 68 � 5 0.002

Height (m) 1.74 � 0.08b 1.68 � 0.10 1.72 � 0.07 0.002

Weight (kg) 94 � 18a 88 � 15a 73 � 8 <0.001

BMI (kg m2) 30.8 � 5.0a 31.2 � 5.7a 24.4 � 1.9 <0.001

CNE score 13 � 5a,b 3 � 2 1 � 2 <0.001

HbA1c (%) 7.3 � 1.1a 7.1 � 1.0a 6.0 � 0.5 <0.001

Glucose

(mmol/L)

8.5 � 2.3a 8.0 � 2.2a 5.6 � 0.6 <0.001

Creatinine

(mmol/L)

98 � 30b 81 � 22 89 � 12 0.004

CNE = clinical neurological examination; P-value: main effect of

the analysis of variance between the three groups.
a Post hoc analysis p � 0.05 compared to HC.
b Post hoc analysis p � 0.05 compared to DC.

Fig. 1 – Normalized maximal isometric muscle strength of

the plantar flexors (MaxPlant), dorsal flexors (MaxDors),

knee extensors (MaxExt) and knee flexors (MaxFlex) (P-

value: main effect of the analysis of variance between the

three groups. Post hoc analysis p = 0.001 compared to HC.

Joint moments were normalized for body mass MaxPlant.
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determine the fatiguability of the involved muscle groups an

adapted formula of Moreau et al. was used [18]. For ankle

dorsal and plantar flexion and for knee extension and flexion,

the fatigue index (FI) was calculated as the ratio of the mean

work of the 16th till 20th repetition over the mean work of the

highest, five consecutive repetitions within the first eight

repetitions. A FI approaching 100% indicates that work decline

during the test is low. Results of muscle fatiguability were

considered as missing if the highest consecutive five repeti-

tions were not performed within the first eight repetitions.

2.6. Mobility

Three validated tests were used to assess mobility. In the

6 min walk test (6 MWT) subjects were asked to walk as far as

possible within 6 min without running on a 220 m flat track; in

the timed up and go test (TUGT) subjects were asked to stand

up from a chair, walk three meters at comfortable speed, turn,

walk back and sit down again. The Physical Activity Scale of

the Elderly (PASE) questionnaire was used to determine the

daily activity pattern. The higher the score at the PASE

questionnaire the more active a subject is in daily life.

2.7. Quality of life

The SF36 questionnaire was used to determine HR-QoL. This

questionnaire contains 36 items. It measures health on nine

multi item dimensions, based on functional status, well being

and overall evaluation of health [19]. The higher the score at

the SF36, the more positive a subject was about experienced

HR-QoL.

2.8. Biochemical analysis

Overnight fasting blood samples were drawn for measure-

ment of glucose, glycated hemoglobin (HbA1c) and creatinine.

2.9. Statistical analysis

Results are presented as mean � standard deviation. Analysis

of variance was performed to detect differences between the

three experimental groups. We used analysis of covariance to

test differences between groups in the muscle strength,

mobility and QoL data; age and gender were entered as

covariates. If main effects were significant, the Bonferroni test

was used for post hoc analysis. Pearson’s correlation coeffi-

cients were calculated between muscle function (muscle

strength and fatiguability), the three mobility tests and the

nine QoL items. Within the group of DPN patients, correlations

between the level of nerve damage (CNE score) and maximal

muscle strength, mobility and QoL were evaluated. A p-value

of <0.05 was considered as significant.

3. Results

We included 98 DM2 participants with DPN, 39 DM2 patients

without DPN and 19 healthy control subjects. Demographic,

neurological and blood parameters are presented in Table 1. In

general, we included elderly obese diabetic subjects with good
to moderate blood glucose control. The DC group was 5 years

younger than the HC group ( p < 0.01). Height and creatinine

were higher in the DPN group than the DC group ( p < 0.01),

whereas weight, BMI, HbA1c and glucose were higher in both

diabetic groups ( p < 0.001) compared to the HC group. By

definition, the CNE score was higher ( p < 0.001) in patients

with DPN compared to both other groups.

3.1. Muscle strength and relative fatigue

Both DPN and DC groups had diminished, maximal, voluntary

muscle strength in all parameters measured around the knee

and ankle joints compared to the HC group (reductions of 34–

47%), whereas no differences were observed between the DPN

and DC groups (Fig. 1). Although all FI’s were numerically

lower in both diabetic groups compared to the HC group

( p > 0.1), this was not statistically significant except for the

fatiguability of the knee joint flexors. This muscle group had in



Table 2 – Muscle strength, mobility and QoL parameters.

DPN DC HC P-value

FatiguePlant (%) 61 � 20 57 � 14 65 � 14 0.315

FatigueDors (%) 42 � 16 39 � 14 47 � 14 0.226

FatigueExt (%) 63 � 13 66 � 13 70 � 8 0.159

FatigueFlex (%) 71 � 10 70 � 11a 78 � 9 0.039

PASE 141 � 81 151 � 91 195 � 72 0.06

6 MWT (m) 477 � 89a 486 � 87a 668 � 68 <0.001

TUGT (s) 9.3 � 2.8a 8.4 � 2.4 7.2 � 0.9 0.002

SF36 Physical functioning 68 � 25a 71 � 28a 91 � 11 0.001

SF36 Social functioning 77 � 23a 75 � 28a 93 � 15 0.02

SF36 Role limitations (physical problems) 66 � 39a 62 � 44a 97 � 8 0.003

SF36 Role limitations (emotional problems) 78 � 36 66 � 44 91 � 27 0.051

SF36 Mental heatlh 74 � 20 71 � 17a 85 � 15 0.032

SF36 Vitality 61 � 18a 60 � 20a 79 � 20 <0.001

SF36 Pain 71 � 24a 68 � 28a 91 � 11 0.003

SF36 General health perception 50 � 20a 50 � 19a 77 � 15 <0.001

SF36 Health change 46 � 20 51 � 25 54 � 17 0.197

P-value: main effect of the analysis of variance between the three groups.
a Post hoc analysis p � 0.05 compared to HC. Fatigue index of the plantar flexors (FatiguePlant), dorsal flexors (FatigueDors), knee extensors

(FatigueExt) and knee flexors (FatigueFlex).
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the DC group a significant lower FI in comparison to the HC

group (Table 2).

3.2. Mobility

Both diabetic groups showed a decreased mobility compared

to the HC group. During the 6 MWT, participants in both

diabetic groups walked significantly less far than HC partici-

pants (approximately 28%, Table 2). The 6 MWT distance for

DC and DPN did not differ. The PASE score showed a similar,

but no significant trend ( p = 0.06) with HC participants

reporting more daily physical activity than DC and DPN

subjects. During the TUGT the DPN group needed significantly

more time than HC group (an increase of 29%); no differences

were observed between the other groups.

3.3. Quality of life

In the DPN group six of the nine SF36 items and in the DC group

seven of the SF 36 items were significantly lower than in the

HC group (Table 2). No differences were observed in perceived

HR-QoL between both diabetic groups.

3.4. Correlations

Significant correlations were observed between all items of the

SF36 and muscle strength, except for health change and role

limitations related to emotional problems. The other seven

items had significant positive correlations ( p < 0.05) with dorsal

and plantar flexion as well as knee flexion and extension

maximal voluntary muscle strength. The correlation coeffi-

cients of these associations were between 0.19 and 0.41.

Similar results were found when the nine SF36 items were

correlated with the mobility tests, except for health change

and mental health. The other seven items were correlated

( p < 0.05) with the 6 MWT and the PASE questionnaire with

correlation coefficients between 0.20 and 0.59. The same seven

items of the SF36 questionnaire had negative correlations with

the TUGT (R between �0.29 and �0.46, p < 0.05).
Finally, all muscle strength parameters were correlated

with the mobility parameters ( p < 0.05), with correlation

coefficients between 0.22 and 0.59.

No significant correlations were observed for the FI of the

ankle and dorsal flexors and knee extensors and flexors and

the QoL and mobility parameters.

The level of DPN (CNE score) had no significant influence on

the majority of parameters, except that a correlation was

observed between the severity of DPN and the TUGT (R = 0.28,

p < 0.05).

4. Discussion

The present study clearly demonstrated that DM2 is associat-

ed with a marked reduction in lower leg muscle strength, that

muscle strength was correlated with mobility and that loss of

both lower leg muscle strength and of mobility is associated

with a loss of HR-Qol in these elderly patients. We did not

observe in this study major differences in muscle strength,

mobility (except for the TUGT) and QoL between the diabetic

patients with and without DPN. One of the innovative aspects

of the current study was that we studied the triad leg muscle

strength, mobility and quality of life in the same patients.

Although there are numerous studies on abnormal muscle

metabolism and its role in the development of insulin

resistance, the number of studies on muscle strength and

its role in the development of impaired mobility and quality of

life in DM2 is limited. Based on the present results we could

conclude that DM2 has a major effect on maximal muscle

strength with reductions of approximately 30–50% in both the

upper and lower leg. Our findings are in line with previous

studies that reported loss of muscle strength in patients with

DM2, although the loss of muscle strength was in our study

larger than the studies reported earlier [5,11,14,20–22]. In the

Health ABC Study, elderly adults (mean age 74 years) with DM2

had a mean reduction of leg muscle strength of approximately

3% although muscle mass in their legs was greater than those

without diabetes. Muscle quality (strength corrected for
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muscle mass) was therefore reduced with approximately 7%

[22]. We found a much larger reduction in muscle strength in

our patients, that may be (in part) related to differences in the

calculation of muscle strength. We corrected muscle strength

for body weight, while this was not done in the Health ABC

study [22]; if we recalculate the data of this latter study the

diabetic patients had a reduction in muscle strength of

approximately 10%, which is still less than in the present

study. Another explanation could be that our control subjects

were relative fit and had a higher muscle strength compared to

the control subjects in the Health ABC study [22]. Several

mechanisms, alone or in concert, could be responsible for the

loss of muscle strength in DM2. As lack of physical exercise is

one of the central mechanisms in the development of DM2,

inactivity and disuse probably contribute to the relative poor

muscle strength. Moreover, abnormal mitochondrial function,

abnormal free fatty acid metabolism and an inadequate rise in

microvascular blood supply during exercise [23,24] could

further impair muscle function. In the current study we did

not observe a relation between loss of nerve function and loss

of muscle strength, in contrast to earlier studies [5,12]. One of

the likely explanations is that the majority of our DPN patients

had relative mild DPN. In the studies of Andersen et al. [5] and

of Andreassen et al. [12] leg muscle weakness was in particular

observed in patients with severe, symptomatic, neuropathy

and not in patients with less severe DPN. These data suggest

that additional loss of muscle strength is a relatively late

phenomenon in the course of DPN and occurs at a severe stage

of the disease. These data suggest that additional loss of

muscle strength is a relatively late phenomenon in the course

of DPN and occurs at in patients with a more severe and more

advanced stage of disease than the patients included in the

current study.

Muscle fatiguability, determined with an isokinetic proto-

col, was somewhat increased in our diabetic patients, but

these differences were clearly less prominent than the decline

of maximal voluntary muscle strength, determined with an

isometric protocol. Oberbach et al. showed that patient with

DM2 have increased proportion of muscle fiber type 2 (fast

twitch fiber) and decreased proportion of muscle fiber type 1

(slow twitch and responsible for endurance capacity of a

muscle) [25]. Changes in fiber composition could therefore (in

part) explain the increased muscle fatiguability in patients

with DM2. In contrast, in type 1 diabetic patients Andersen [26]

observed, a significant higher FI of five percent in comparison

to healthy volunteers while lower leg muscle strength was

reduced, as in our type 2 patients. At this moment we cannot

give an explanation for this discrepancy between type 1 and

type 2 diabetic patients, but this might be related to underlying

insulin resistance and impaired metabolic flexibility in type 2

diabetes [27]. We could not find a relation between muscle

fatiguability and DPN, as also reported earlier [26]. However,

research in the field of muscle fatiguability in DM2 patients is

scarce and more (human) research is needed to gain a clear

insight into this phenomenon.

Muscle strength is one of the important determinants of

mobility in diabetic patients. In an earlier population based

study we observed that hand grip strength predicted the

number of steps taken during the day by patients with DM2

[14]. Our current data further extend this observation as
reductions in muscle strengths in both the upper and lower leg

were associated with the marked loss of mobility in our

diabetic patients. As in our earlier study we did not observe a

major impact of DPN on the mobility tests we performed,

except the TUGT [14]. The TUGT was the most challenging

mobility test for our subjects and poor performance during

this test is probably (in part) related to the loss of propriocepsis

in our DPN patients. DPN is associated with several changes in

gait characteristics, such as reduced gait velocity, step length

and frequency and postural instability, which in part may be

related to loss of propriocepsis [28]; moreover in patients with

DPN the timing of muscle activation is altered during walking

as we recently observed [29]. In addition, although van Sloten

et al. [14] did not find significant associations between DPN

and functional mobility test in a laboratory setting, those DPN

patients were significantly less active in daily life with a

marked reduction in the number of steps/day when compared

to subjects without DPN. These data of van Sloten et al. were in

line with the conclusions of Allet et al. [28]; these authors

found that diabetic patients, and in particular DPN patients,

have deteriorated temporal and spatial gait parameters during

walking tests in challenging daily life situations.

These studies suggest that (moderate) DPN does not have a

large effect on the capability to be active, but more on mobility

behavior and on gait characteristics, in particular in a more

challenging environment. Future studies addressing the effect

of DPN on mobility should therefore focus more on mobility

and functional mobility tasks in daily life to determine the

impact of DPN on the actual mobility capability in diabetic

patients.

HR-QoL was decreased in our group of DM2 patients

compared to healthy persons as shown in several studies [30]

and the association between mobility and HR-QoL was

observed by other authors [4,31]. Diminished muscle strength

and mobility can result in infirmities and more dependence in

daily life with negative influence on HR-QoL. The significant

correlations between muscle strength, mobility and HR-QoL

parameters showed this association clearly. In addition, there

was no clear difference in HR-QoL between our DC and DPN

group, in contrast with other studies [7]. An explanation can be

found in the study Currie et al. [32], these authors concluded

that diminished QoL in DPN is associated with the level of pain

that is experienced. In the current study most patients had

painless DPN and we did not observe differences in pain

between the DC and DPN group.

Our study had some limitations. The mean age of the DC

group was significantly lower than in the HC group. This could

lead to an overestimation of the results of the DC subjects

compared to the HC group. To correct for this, age was entered

as a covariate in the statistical analysis. The results of the DC

group are comparable with the DPN group who had similar age

as the HC group. If there would have been an important age

effect, we would have expected the DC group to have higher

muscle strength, mobility and QoL than the DPN group. This

turned out not to be the case. In addition, the DC group

included relatively more female participants than both other

groups and therefore we used also gender as a covariate in our

statistical analysis.

In conclusion, in this study we demonstrated that DM2

patients have decreased maximal muscle strength of the
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plantar and dorsal flexors of the ankle joint and of the

extensors and flexors of the knee joint and that they suffer

from impaired mobility. These abnormalities are associated

with a loss of health related quality of life. The additional

effect of moderate DPN was small in our patients. Physical

exercise is one of the cornerstones in the prevention [33,34]

and treatment of diabetes; our data suggest that in the future

more emphasis could be placed on interventions to increase

leg muscle strength to improve mobility in patients with type 2

diabetes.

Conflict of interest

The authors declare that they have no conflict of interest.

Acknowledgements

This study was funded by a grant of Zorg Onderzoek

Nederland Medische Wetenschappen; ZonMw (75020004).

We are grateful to our volunteers and employees of the

Maastricht University, Fontys University of Applied Sciences,

Maastricht University Medical Centre+, Maxima Medical

Center, Sint Anna Hospital and Orbis Medical Center.

r e f e r e n c e s

[1] Orr R, Tsang T, Lam P, Comino E, Singh MF. Mobility
impairment in type 2 diabetes: association with muscle
power and effect of Tai Chi intervention. Diabetes Care
2006;29(September (9)):2120–2.

[2] Volpato S, Blaum C, Resnick H, Ferrucci L, Fried LP, Guralnik
JM. Comorbidities and impairments explaining the
association between diabetes and lower extremity
disability: the Women’s Health and Aging Study. Diabetes
Care 2002;25(April (4)):678–83.

[3] Volpato S, Ferrucci L, Blaum C, Ostir G, Cappola A, Fried LP,
et al. Progression of lower-extremity disability in older
women with diabetes: the Women’s Health and Aging
Study. Diabetes Care 2003;26(January (1)):70–5.

[4] Gregg EW, Beckles GL, Williamson DF, Leveille SG, Langlois
JA, Engelgau MM, et al. Diabetes and physical disability
among older U.S. adults. Diabetes Care 2000;23(September
(9)):1272–7.

[5] Andersen H, Nielsen S, Mogensen CE, Jakobsen J. Muscle
strength in type 2 diabetes. Diabetes 2004;53(June (6)):
1543–8.

[6] van Schie CH, Vermigli C, Carrington AL, Boulton A. Muscle
weakness and foot deformities in diabetes: relationship to
neuropathy and foot ulceration in caucasian diabetic men.
Diabetes Care 2004;27(July (7)):1668–73.

[7] van Schie CH. Neuropathy: mobility and quality of life.
Diabetes Metab Res Rev 2008;24(May–June (Suppl. 1)):
S45–51.

[8] Vinik AI, Strotmeyer ES, Nakave AA, Patel CV. Diabetic
neuropathy in older adults. Clin Geriatr Med 2008;24(August
(3)):407–35. v.

[9] Kumar S, Ashe HA, Parnell LN, Fernando DJ, Tsigos C,
Young RJ, et al. The prevalence of foot ulceration and its
correlates in type 2 diabetic patients: a population-based
study. Diabet Med 1994;11(June (5)):480–4.
[10] Cabezas-Cerrato J. The prevalence of clinical diabetic
polyneuropathy in Spain: a study in primary care and
hospital clinic groups. Neuropathy Spanish Study Group of
the Spanish Diabetes Society (SDS). Diabetologia
1998;41(November (11)):1263–9.

[11] Andersen H, Poulsen PL, Mogensen CE, Jakobsen J.
Isokinetic muscle strength in long-term IDDM patients in
relation to diabetic complications. Diabetes 1996;45(April
(4)):440–5.

[12] Andreassen CS, Jakobsen J, Andersen H. Muscle weakness:
a progressive late complication in diabetic distal symmetric
polyneuropathy. Diabetes 2006;55(March (3)):806–12.

[13] Andreassen CS, Jakobsen J, Ringgaard S, Ejskjaer N,
Andersen H. Accelerated atrophy of lower leg and foot
muscles – a follow-up study of long-term diabetic
polyneuropathy using magnetic resonance imaging (MRI).
Diabetologia 2009;52(June (6)):1182–91.

[14] van Sloten TT, Savelberg HH, Duimel-Peeters IG, Meijer K,
Henry RM, Stehouwer CD, et al. Peripheral neuropathy,
decreased muscle strength and obesity are strongly
associated with walking in persons with type 2 diabetes
without manifest mobility limitations. Diabetes Res Clin
Pract 2011;91(Jaunary (1)):32–9.

[15] Valk GD, de Sonnaville JJ, van Houtum WH, Heine RJ, van
Eijk JT, Bouter LM, et al. The assessment of diabetic
polyneuropathy in daily clinical practice: reproducibility
and validity of Semmes Weinstein monofilaments
examination and clinical neurological examination. Muscle
Nerve 1997;20(January (1)):116–8.

[16] Ijzerman TH, Schaper NC, Melai T, Blijham P, Meijer K,
Willems PJ, et al. Motor nerve decline does not underlie
muscle weakness in type 2 Diabetic neuropathy. Muscle
Nerve 2011;44(August (2)):241–5.

[17] Gosker HR, Lencer NH, Franssen FM, van der Vusse GJ,
Wouters EF, Schols AM. Striking similarities in systemic
factors contributing to decreased exercise capacity in
patients with severe chronic heart failure or COPD. Chest
2003;123(May (5)):1416–24.

[18] Moreau N, Li L, Damiano DL. A feasible and reliable muscle
fatigue assessment protocol for individuals with cerebral
palsy. Pediatr Phys Ther 2008;20(Spring (1)):59–65.

[19] Brazier JE, Harper R, Jones NM, O’Cathain A, Thomas KJ,
Usherwood T, et al. Validating the SF-36 health survey
questionnaire: new outcome measure for primary care. BMJ
1992;305(July (6846)):160–4.

[20] Sayer AA, Dennison EM, Syddall HE, Gilbody HJ, Phillips DI,
Cooper C. Type 2 diabetes, muscle strength, and impaired
physical function: the tip of the iceberg? Diabetes Care
2005;28(October (10)):2541–2.

[21] Park SW, Goodpaster BH, Strotmeyer ES, Kuller LH,
Broudeau R, Kammerer C, et al. Accelerated loss of skeletal
muscle strength in older adults with type 2 diabetes: the
health, aging, and body composition study. Diabetes Care
2007;30(June (6)):1507–12.

[22] Park SW, Goodpaster BH, Strotmeyer ES, de Rekeneire N,
Harris TB, Schwartz AV, et al. Decreased muscle strength
and quality in older adults with type 2 diabetes: the health,
aging, and body composition study. Diabetes 2006;55(June
(6)):1813–8.

[23] Schrauwen P, Schrauwen-Hinderling V, Hoeks J, Hesselink
MK. Mitochondrial dysfunction and lipotoxicity. Biochim
Biophys Acta 2010;1801(March (3)):266–71.

[24] Womack L, Peters D, Barrett EJ, Kaul S, Price W, Lindner JR.
Abnormal skeletal muscle capillary recruitment during
exercise in patients with type 2 diabetes mellitus and
microvascular complications. J Am Coll Cardiol
2009;53(June (23)):2175–83.

[25] Oberbach A, Bossenz Y, Lehmann S, Niebauer J, Adams V,
Paschke R, et al. Altered fiber distribution and fiber-specific



d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 9 5 ( 2 0 1 2 ) 3 4 5 – 3 5 1 351
glycolytic and oxidative enzyme activity in skeletal muscle
of patients with type 2 diabetes. Diabetes Care 2006;29(April
(4)):895–900.

[26] Andersen H. Muscular endurance in long-term IDDM
patients. Diabetes Care 1998;21(April (4)):604–9.

[27] Corpeleijn E, Saris WH, Blaak EE. Metabolic flexibility in the
development of insulin resistance and type 2 diabetes:
effects of lifestyle. Obes Rev 2009;10(March (2)):178–93.

[28] Allet L, Armand S, de Bie RA, Pataky Z, Aminian K,
Herrmann FR, et al. Gait alterations of diabetic patients
while walking on different surfaces. Gait Posture
2009;29(April (3)):488–93.

[29] Savelberg HH, Ilgin D, Angin S, Willems PJ, Schaper NC,
Meijer K. Prolonged activity of knee extensors and dorsal
flexors is associated with adaptations in gait in diabetes
and diabetic polyneuropathy. Clin Biomech (Bristol Avon)
2010;25(June (5)):468–75.

[30] Norris SL, McNally TK, Zhang X, Burda B, Chan B,
Chowdhury FM, et al. Published norms underestimate the
health-related quality of life among persons with type 2
diabetes. J Clin Epidemiol 2011;64(April (4)):358–65.

[31] Benbow SJ, Wallymahmed ME, MacFarlane IA. Diabetic
peripheral neuropathy and quality of life. QJM
1998;91(November (11)):733–7.

[32] Currie CJ, Poole CD, Woehl A, Morgan CL, Cawley S,
Rousculp MD, et al. The health-related utility and health-
related quality of life of hospital-treated subjects with type
1 or type 2 diabetes with particular reference to differing
severity of peripheral neuropathy. Diabetologia
2006;49(October (10)):2272–80.

[33] Atlantis E, Martin SA, Haren MT, Taylor AW, Wittert GA.
Inverse associations between muscle mass, strength, and the
metabolic syndrome. Metabolism 2009;58(July (7)):1013–22.

[34] Srikanthan P, Karlamangla AS. Relative muscle mass is
inversely associated with insulin resistance and
prediabetes. Findings from the third national health and
nutrition examination survey. J Clin Endocrinol Metab
2011;96(September (9)):2898–903.


	Lower extremity muscle strength is reduced in people with type 2 diabetes, with and without polyneuropathy, and is associated with impaired mobility and reduced quality of life
	Introduction
	Materials and methods
	Subjects
	Clinical assessment of polyneuropathy
	Isometric and isokinetic muscle strength
	Isometric test
	Isokinetic test
	Mobility
	Quality of life
	Biochemical analysis
	Statistical analysis

	Results
	Muscle strength and relative fatigue
	Mobility
	Quality of life
	Correlations

	Discussion
	Conflict of interest
	Acknowledgements
	References


