
Background: Diabetic peripheral neuropathy (DPN) is prevalent in patients with type 2 diabetes, 
and its prevalence increases with age. A previous study demonstrated the association between 
DPN and muscle dysfunction; however, there are limited data on the association between DPN 
and sarcopenia. Methods: We enrolled patients with type 2 diabetes and measured hand grip 
strength (HGS), lean body mass using a bio-impedance analysis, and gait speed using a 4-m 
walking test. Sarcopenia was diagnosed according to the criteria from the Asian Working Group 
for Sarcopenia. We also performed various examinations of neuropathy, including both small- 
and large-fiber neuropathy. Results: Among 170 participants (mean age, 61.5±6.6 years), 24 
(14.1%) were diagnosed with sarcopenia. The Michigan Neuropathy Screening Instrument Ques-
tionnaire (MNSI-Q) scores were higher in patients with sarcopenia than in those without sarco-
penia (2.7±1.3 vs. 2.4±1.3; p=0.008). However, other neuropathy examination results were not 
significantly associated with sarcopenia. The MNSI-Q score was negatively associated with HGS, 
with an odds ratio (OR) of 1.367 (95% confidence interval [CI], 1.122–1.667) in predicting the 
presence of sarcopenia. After adjusting for sex, body mass index, and diabetes duration, the MN-
SI-Q score was associated with the presence of sarcopenia (adjusted OR=1.310; 95% CI, 1.041–
1.647). Conclusion: In this population with type 2 diabetes, patients with sarcopenia had higher 
neuropathy questionnaire scores than those without sarcopenia. Therefore, active screening for 
sarcopenia should be performed in subjects with DPN. 

Key Words: Sarcopenia, Diabetic neuropathy, Skeletal muscle, Muscle strength

Diabetic Peripheral Neuropathy as a Risk Factor for Sarcopenia 
Tae Jung Oh1,2, Yoojung Song2, Jae Hoon Moon1,2, Sung Hee Choi1,2, Hak Chul Jang1,2 

1Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea 
2Department of Internal Medicine, Seoul National University Bundang Hospital, Seongnam, Korea 

INTRODUCTION 

Sarcopenia is prevalent in patients with type 2 diabetes,1,2) and the 
prevalence of both conditions increases with age.3) Various risk fac-
tors for sarcopenia in patients with type 2 diabetes have been re-
ported. For example, poor glycemic control was related to de-
creased muscle quality and performance in a Korean population 
with type 2 diabetes who were aged 65 years or older.4) In addition, 
longer diabetes duration and dyslipidemia were associated with re-
duced skeletal muscle mass in a Japanese observational study.5) Re-
cently, higher levels of advanced glycated end-products (AGEs) 
were reported in patients with sarcopenia, and the accumulation of 
AGEs was related to decreased muscle mass and strength.6) Be-
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cause AGEs play a pathological role in diabetic vascular complica-
tions, there might be a close association between sarcopenia and 
chronic diabetes complications. 

Diabetic peripheral neuropathy (DPN) is a microvascular com-
plication, and hyperglycemia and other metabolic conditions are 
highly related to DPN.7) Compared with other diabetic microvas-
cular complications, DPN may be directly associated with muscle 
dysfunction because muscles are directly innervated by peripheral 
nerves and their functions are controlled by nerve activity.8) A pre-
vious observational study of 39 patients aged 70–79 years showed 
decreased muscle performance in subjects with DPN compared 
with that in non-diabetic people.9) Another observational study 
confirmed this finding in 10 subjects with diabetes with a mean 
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age of 57.2 years.10) However, there are limited data on the associa-
tion between sarcopenia and DPN in large populations; therefore, 
larger-scale studies are needed to evaluate the association between 
DPN and sarcopenia. 

This study aimed to evaluate muscle mass, strength, and physical 
performance in subjects with type 2 diabetes and assess whether 
DPN was a significant risk factor for sarcopenia. 

MATERIALS AND METHODS 

Participants 
We analyzed data from patients with type 2 diabetes who were en-
rolled in an ongoing prospective observational study. The proce-
dure and inclusion and exclusion criteria of the study have been 
described previously.11) Briefly, the study participants were en-
rolled from an outpatient clinic of a tertiary academic hospital. We 
used a new screening tool for DPN in which the examination re-
quired the participants to stand by themselves for more than 2 
minutes. We excluded participants with neuropathy owing to other 
causes such as thyroid disease, history of chemotherapy, and heavy 
alcohol consumption. The current analysis included data from a 
subgroup of participants aged 50 years and older. The study was 
approved by the Institutional Review Board of Seoul National Uni-
versity Bundang Hospital (No. B-1911/577-104). Written in-
formed consents were obtained.

Medical History and Anthropometric and Biochemical Analyses 
Medical history such as diabetes duration and medication was col-
lected using a structured questionnaire. Anthropometric analysis, 
including body weight and height measurements and bio-imped-
ance analysis (InBody 770; InBody, Seoul, Korea), was performed 
with the participants wearing light clothes. Body mass index 
(BMI) was calculated as body weight/height (kg/m2). Systolic 
and diastolic blood pressures were measured using an electronic 
blood pressure meter after 10-minute rest. Blood was drawn after 
an overnight fast. Renal function and glucose, glycated hemoglo-
bin (HbA1c), total cholesterol, triglyceride, high-density lipopro-
tein (HDL) and low-density lipoprotein (LDL)-cholesterol levels 
were assessed using the protocol of the central laboratory. 

Neuropathy Evaluation 
Trained research nurses performed neuropathy evaluations, the re-
sults of which were confirmed by endocrinology specialists. Annu-
al screening for neuropathy in subjects with type 2 diabetes start at 
diagnosis.12) Neuropathy was evaluated using the Michigan Neu-
ropathy Screening Instrument Questionnaire (MNSI-Q), MNSI 
physical examination (MNSI-PE), a 10-g monofilament test, and 

SUDOSCAN (Impeto Medical, Paris, France). SUDOSCAN 
noninvasively measures electrochemical skin conductance;13) we 
included this measurement to complement the other methods of 
evaluating neuropathy.  

Sarcopenia Assessment  
Trained research nurses measured hand grip strength (HGS) using 
a digital grip strength dynamometer (GRIP-D; Takei Scientific In-
struments, Tokyo, Japan) by following a standard protocol14) after 
requesting that the subjects not perform vigorous exercise before 
the measurement. The nurses measured HGS twice for each hand, 
and we used the mean value of the dominant hand in our analysis. 
The parameter of muscle mass index was the appendicular skeletal 
muscle mass (ASM) divided by the height squared (m2) (ASM/
ht2).15) Low muscle strength and muscle mass were defined as val-
ues below the cutoffs of 26 kg and 7.0 kg/m2, respectively, for men 
and 18 kg and 5.7 kg/m2, respectively, for women.16) We assessed 
walking speed using a 4-m walking test, with the mean values of 
two trials used in our analysis. Sarcopenia was diagnosed according 
to the Asian Working Group for Sarcopenia (AWGS) criteria.16) 

Statistical Analysis 
We presented the data as mean ± standard deviation or as numbers 
and percentage. The differences between patients without and 
with sarcopenia were tested using parametric or non-parametric 
t-test and chi-square test. Simple correlations between parameters 
were evaluated by Spearman correlation analysis. Logistic regres-
sion analysis was used to identify risk factors associated with sarco-
penia. We chose covariates from among the variables that differed 
significantly between patients with and without sarcopenia consid-
ering their clinical importance and multicollinearity. All variables, 
except sex, were continuous variables in logistic regression analysis. 
Statistical analysis was conducted using IBM SPSS Statistics ver-
sion 22 for Windows (IBM SPSS, Armonk, NY, USA). Two-sided 
p-values < 0.05 were considered statistically significant. 

RESULTS 

Among 170 participants, 24 (14.1%) had sarcopenia. The partici-
pant characteristics are shown in Table 1. More women than men 
had sarcopenia. Body weight and BMI were lower in patients with 
sarcopenia than in those without sarcopenia. Furthermore, diabe-
tes duration was longer in subjects with sarcopenia than in those 
without sarcopenia (14.6 ± 8.3 vs. 10.1 ± 7.3 years; p = 0.009). The 
MNSI-Q scores were higher in patients with sarcopenia than in 
those without sarcopenia (2.7 ± 1.3 vs. 2.4 ± 1.3; p = 0.008). How-
ever, the results of other neuropathy examinations, including MN-
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SI-PE, 10-g monofilament test, and electrochemical skin conduc-
tance of feet obtained using SUDOSCAN, did not differ between 
the groups. More patients with sarcopenia were treated with insu-
lin than patients without sarcopenia. 

Table 2 shows the results of the evaluation of sarcopenia param-
eters. We observed large differences in ASM, ASM/ht2, and HGS 
between the groups; however, walking speed showed only a de-
creasing trend in the sarcopenia group. To determine the associa-
tion between muscle measurements and DPN, we conducted a 
correlation analysis for each sex (Table 3). In men, HGS was sig-
nificantly associated with the MNSI-Q score and the results of 
MNSI-PE, 10-g monofilament test, and electrochemical skin con-
ductance of the feet. However, no parameters were significantly as-
sociated with ASM/ht2. In women, only the MNSI-Q score 
showed a negative association with HGS. 

Table 4 shows the results of logistic regression analysis. Subjects 
with sarcopenia had substantially higher odds ratio (OR) for dia-
betes duration (OR = 1.075; 95% confidence interval [CI], 1.018–
1.134) and the MSNI-Q score (OR = 1.367; 95% CI, 1.122–
1.667). After adjusting for sex, BMI, and diabetes duration, the 
MSNI-Q score was significantly associated with the presence of 
sarcopenia (adjusted OR = 1.310; 95% CI, 1.041–1.647). 

DISCUSSION 

We observed a sarcopenia prevalence of 14.1% among patients 
with type 2 diabetes from a single tertiary academic hospital. Pa-
tients with sarcopenia had lower BMI, longer diabetes duration, 
and higher rates of insulin therapy. Therefore, more severe diabetes 
might be related to sarcopenia. Patients with sarcopenia also had 
higher MNSI-Q scores than those without sarcopenia. After ad-
justing for sex, BMI, and diabetes duration, the MNSI-Q score was 
significantly associated with the presence of sarcopenia. 

While we adopted the AWGS criteria for sarcopenia,16) other di-
agnostic criteria exist for sarcopenia.17) Therefore, care is required 
when comparing our findings with those of other studies. More-

Table 1. Clinical and biochemical characteristics according to the 
presence of sarcopenia

Sarcopenia (–) Sarcopenia (+) p-value
Number of patients 146 (85.9) 24 (14.1)
Age (y) 61.3 ± 6.6 62.6 ± 6.2 0.299
Sex, male 93 (63.7) 5 (20.8) < 0.001
Body weight (kg) 68.2 ± 10.2 55.9 ± 7.9 < 0.001
BMI (kg/m2) 25.5 ± 3.1 23.3 ± 3.1 0.001
SBP (mmHg) 129.7 ± 14.3 128.9 ± 13.8 0.796
DBP (mmHg) 74.2 ± 9.1 70.3 ± 7.7 0.049
Diabetes duration (y) 10.1 ± 7.3 14.6 ± 8.3 0.009
FPG (mg/dL) 140.1 ± 34.5 135.8 ± 37.8 0.782
HbA1c (g/dL) 7.3 ± 1.2 7.5 ± 1.3 0.492
Cholesterol (mg/dL) 156.4 ± 34.2 160.1 ± 33.2 0.547
Triglyceride (mg/dL) 131.5 ± 71.6 127.0 ± 50.7 0.819
HDL cholesterol (mg/dL) 47.5 ± 12.1 48.8 ± 10.7 0.379
LDL cholesterol (mg/dL) 89.3 ± 24.3 95.7 ± 24.4 0.204
BUN (mg/dL) 16.3 ± 5.2 15.6 ± 4.1 0.738
Creatinine (mg/dL) 0.81 ± 0.24 0.72 ± 0.24 0.023
eGFR (mL/min/1.73 m2) 93.6 ± 21.4 96.1 ± 26.7 0.669
MNSI-Q (score) 2.4 ± 1.3 2.7 ± 1.3 0.008
MNSI-PE (score) 2.0 ± 1.3 3.5 ± 2.6 0.358
10-g monofilament test (score) 9.1 ± 1.5 8.5 ± 2.4 0.296
Foot ESC (µS) 60.2 ± 15.6 56.7 ± 18.9 0.471
Medication 
 Metformin 131 (89.7) 22 (91.7) 0.999
 Sulphonylurea 51 (34.9) 7 (29.2) 0.649
 DPP-4 inhibitor 76 (52.1) 16 (66.7) 0.269
 Thiazolidinedione 13 (8.9) 1 (4.2) 0.695
 Insulin 21 (14.4) 10 (41.7) 0.003

Values are presented as number (%) or mean±standard deviation. 
BMI, body mass index; SBP, systolic blood pressure; DBP diastolic blood 
pressure; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; BUN, blood urea 
nitrogen; eGFR, estimated glomerular filtration rate; MNSI-Q Michigan 
Neuropathy Screening Instrument Questionnaire; MSNI-PE, MNSI physical 
examination; ECS, electrochemical skin conductance; DPP-4, dipeptidyl 
peptidase-4.
p-values are derived from Student t-test, Mann–Whitney U-test, or chi-
square test.

Table 2. Anthropometric data according to the presence of sarcopenia for each sex

Male Female
Sarcopenia (–) Sarcopenia (+) p-value Sarcopenia (–) Sarcopenia (+) p-value

ASM (kg) 22.6 ± 3.0 15.7 ± 2.8 < 0.001 15.8 ± 2.2 14.2 ± 1.4 0.003
ASM/ht2 (kg/m2) 8.0 ± 0.7 6.1 ± 0.5 < 0.001 6.5 ± 0.7 6.0 ± 0.5 0.007
Hand grip strength (kg) 34.5 ± 7.2 22.6 ± 3.2 0.001 22.1 ± 4.2 17.1 ± 3.6 < 0.001
Walking speed (m/s) 1.09 ± 0.16 0.96 ± 0.19 0.149 1.04 ± 0.19 0.93 ± 0.20 0.069
Values are presented as mean±standard deviation.
ASM, appendicular skeletal muscle mass; ht, height.
p-values are derived from Mann–Whitney U-test.
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over, various evaluation tools are used for diagnosing DPN. In our 
study, we used a structured questionnaire that is widely applied in 
epidemiology studies7,18) and also performed key physical exam-
inations. In addition, we performed a new technique, SUDOS-
CAN, to evaluate sudomotor dysfunction19) by detecting abnor-
malities in small-fiber nerve function.20) In the present study, only 
the neuropathy (MNSI-Q) scores were associated with the pres-
ence of sarcopenia. In contrast, the physical examination and 
small-fiber nerve function abnormality findings did not discrimi-
nate the presence of sarcopenia. In DPN evaluation, any single test 
is not superior to others because there were various types and dis-
tributions of nerve and they can be injured by metabolic conse-
quences.21) In this regard, questionnaires on various symptoms 
might be more appropriate than any single examination to distin-
guish the presence of sarcopenia. Therefore, the clinical implica-
tion of our finding is that a simple questionnaire for DPN screen-
ing might be useful in identifying patients at a high risk for sarco-
penia. Further validation studies using the same definitions and di-
agnostic tests are needed to confirm our findings. 

We previously reported the association between abdominal obe-
sity and DPN in middle-aged patients with type 2 diabetes.11) In 

that study, we did not observe a significant association between 
neuropathy examination results and lean body mass. Moreover, in 
the present study, we did not observe a significant association be-
tween muscle mass index and neuropathy evaluation findings in 
older patients. In contrast, HGS was significantly associated with 
neuropathy evaluation results, although correlation coefficients 
were small (–0.318 in men and –0.361 in women). Both skeletal 
muscle index and HGS are likely to be preserved until middle age 
in the Korean general population.17,22) This trend suggests the pres-
ence of factors related to the preservation of muscle homeostasis in 
young and middle-aged adults. Between muscle mass and muscle 
strength, the latter might be more vulnerable to metabolic deterio-
ration and aging. Researches showed that muscle strength can pre-
dict poor health outcomes, including cardiovascular diseases, can-
cer, and lung diseases.23) Our identification of DPN as a risk factor 
for sarcopenia, especially for the deterioration of HGS, suggests 
that physicians should employ prevention strategies in older indi-
viduals with DPN to prevent sarcopenia.

The association between DPN and muscle function has been 
assessed in other populations. Resnick et al.9) reported that com-
pared with non-diabetic controls, older patients with DPN (mean 
age, 74.5 years) showed decreased walking speed. Our study re-

Table 3. Correlation coefficients between muscle mass index or HGS and neuropathy examination

Male Female
ASM/ht2 HGS ASM/ht2 HGS

rho p-value rho p-value rho p-value rho p-value
MNSI-Q (score) –0.083 0.418 –0.318 0.001 –0.073 0.544 –0.361 0.002
MNSI-PE (score) 0.098 0.339 –0.242 0.016 0.153 0.201 –0.179 0.110
10-g monofilament (score) –0.004 0.967 0.344 0.001 –0.049 0.686 0.034 0.779
Foot ESC (µS) 0.124 0.223 0.325 0.001 0.166 0.164 0.071 0.556

HGS, hand grip strength; ASM, appendicular skeletal muscle mass; ht, height; MNSI-Q Michigan Neuropathy Screening Instrument Questionnaire; MSNI-PE, 
MNSI physical examination; ESC, electrochemical skin conductance.
p-values are derived from Spearman correlation analysis.

Table 4. Logistic regression analysis of the risk factors for sarcopenia

Unadjusted Adjusted
OR 95% CI p-value OR 95% CI p-value

Female (reference, male) 6.668 2.354–18.889 < 0.001 - - -
BMI (kg/m2) 0.786 0.672–0.918 0.002 - - -
Diabetes duration (y) 1.075 1.018–1.134 0.009 - - -
MNSI-Q (score) 1.367 1.122–1.667 0.002 1.31 1.041–1.647 0.021
MNSI-PE (score) 1.171 0.831–1.651 0.368 1.269 0.842–1.912 0.255
10-g monofilament (score) 0.841 0.676–1.046 0.121 0.788 0.611–1.016 0.066
Foot ESC (µS) 0.987 0.962–1.013 0.327 1.001 0.971–1.032 0.958

OR, odds ratio; CI, confidence interval; BMI, body mass index; MNSI-Q Michigan Neuropathy Screening Instrument Questionnaire; MSNI-PE, MNSI physical 
examination; ESC, electrochemical skin conductance.
p-values are derived from logistic regression analysis; adjusted for sex, BMI, and diabetes duration.
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sults was in accordance with this association between DPN and 
muscle function in a relatively younger population. In another 
small observational study by Scarton et al.,10) compared with 
non-diabetic controls, patients with DPN had incrased ankle rigid-
ity. However, this study did not include data on the general func-
tion of the lower extremities such as walking speed. In summary, 
the results of the current study demonstrated the association be-
tween DPN and decreased muscle function based on the results of 
simple physical examinations in a wider range of participant char-
acteristics and larger population size.

Our study had several limitations. First, we did not perform du-
al-energy X-ray absorptiometry. Bio-impedance analysis requires 
further validation with gold standard methods to improve its accu-
racy.24) Second, we did not evaluate the association between sarco-
penia and DPN in age subgroups. Because DPN prevalence in-
creases with age,25) a more significant association between sarcope-
nia and DPN is possible in older subjects. Third, we did not in-
clude nerve conduction data to estimate large-fiber nerve function. 
Fourth, we enrolled subjects from a single tertiary academic hospi-
tal. Thus, the findings of our study cannot be generalized. 

In summary, the results of this study demonstrated a significant 
association between higher DPN questionnaire score and the pres-
ence of sarcopenia. Therefore, clinical screening for sarcopenia is 
necessary for patients with DPN.  
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