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Association between sarcopenia and the foot-
ankle function in type 2 diabetic foot ulcer
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Abstract

Background The diabetic foot (DF) ulcer is the severe complication of type 2 diabetes mellitus (T2DM). Sarcopenia is
characterized as the loss of muscle mass and strength, resulting in the increased risk of fracture and physical disability.
Sarcopenia may affect the foot-ankle function in DF ulcer patients, compromise the quality of life.

Objective The aim was to clarify the effect of sarcopenia on foot-ankle function in patients with DF ulcer.

Methods In total of 108 T2DM patients with DF ulcer were enrolled. Based on the examination of muscle mass by
dual energy X-ray absorptiometry (DXA) and grip strength and 5x sit-to-stand test, the DF patients were divided into
sarcopenia and non-sarcopenia groups. The severity of DF ulcer was evaluated by Wagner classification. The foot-
ankle function was evaluated by American Orthopaedic Foot and Ankle Society (AOFAS) Ankle-Hindfoot Score.

Results DF patients with sarcopenia showed advanced age, lower BMI, longer duration of T2DM, and more severe
Wagner classification, reduced appendicular skeletal muscle mass index (ASMI), grip strength, transcutaneous
oxygenpressure (TcPO,) and prolonged time of 5X sit-to-stand test. The stratified comparison analysis indicated that
severity of sarcopenia and DF ulcer, reduced TcPO,, and grip strength were aggravated with the impaired foot-ankle
function (P <0.05). Multivariate Logistic analysis showed that age, TcPO,, and severe sarcopenia were risk factors
deteriorating the foot-ankle function.

Conclusion The sarcopenia is a key risk factor of decreasing foot-ankle function in patients with DF ulcer. Thus, the
prevention of muscle mass and strength loss could be considered as part of comprehensive therapy for DF ulcer.

Keywords Diabetic foot ulcer, Sarcopenia, Foot and ankle function, Type 2 diabetic mellitus (T2DM)

Introduction
The diabetic foot (DF) ulcer is severe complication of
type 2 diabetes mellitus (T2DM), which has become one
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quality of life of T2DM patients. The foot and ankle joint
play a vital role in maintaining proprioception, preserv-
ing balance and movement. Foot-ankle dysfunction can
be characterized as gait changes, plantar pressure, pain,
mobility and support stability. Factors including aging,
reduced muscle strength, altered joint mobility, mechani-
cal structural changes of foot, diabetic peripheral neu-
ropathy (DPN) and diabetic peripheral vascular disease
(DPVD) could affect foot-ankle function. These factors
increase the risk of falls, bone fractures, and foot ulcers,
leading to worse prognosis.

Sarcopenia is characterized as the loss of muscle mass
and strength. Sarcopenia may affect physical mobil-
ity, resulting in the risk of fracture, disability, and even
death [4, 5]. DF ulcer may worsen sarcopenia due to the
infection and muscle dystrophy. Furthermore, patients
with DF ulcer always showed long disease duration and
muscle atrophy due to the long-term physical disability
and restriction of movement. The combined effects of
those factors result in changes of walking pattern and a
decrease in overall body stability. It may increase the
risk of developing ulcers, amputations and mortality.
During the therapy of DF ulcer, the resistance to move-
ment and bedridden lead to the quick muscle loss. The
loss of muscle mass and strength forms a vicious circle
and aggravates DF ulcer and impaired joint function in
turn. However, the pathophysiology mechanism by which
the reduced muscle mass and strength affect foot-ankle
function was unclear. The sarcopenia may affect the foot-
ankle function in DF ulcer patients, leading to prolonged
recovery time and poor prognosis of physical function,
thus compromise the quality of life. However, there were
limited studies to clarify the relationship between sarco-
penia and foot-ankle function in DF patients.

In this study, we aimed to clarify the effect of sarco-
penia on foot-ankle function in patients with DF ulcer.
It could provide clinical evidence for the early examina-
tion and prevention of muscle loss to achieve advanced
foot-ankle function. The prevention and therapy for sar-
copenia may be considered as part of comprehensive
therapeutic strategy for DF ulcer.

Materials and methods

Study population

This study enrolled 108 patients with type 2 diabetic foot
ulcer who were hospitalized in the Affiliated Hospital
of Qingdao University from January 2021 to December
2022. Inclusion criteria: (1) meeting the diagnostic crite-
ria of the Asian Working Group for Sarcopenia (AWGS)
2019 [6]; (2) age ranged from 18 to 80 years old, and diag-
nosed as T2DM according to the diagnostic standard
of the World Health Organization (WHO) in 1999. All
the Participants signed the informed consent. Exclusion
criteria: (1) patients with type 1 DM (T1DM) or special

Page 2 of 8

types of DM; (2) patients with severe cardiac, liver and
renal dysfunction, neurological diseases, bone and joint
diseases, or autoimmune disorders; (3) bedridden for a
long-term, or patients fitted with fracture internal fixa-
tion plates; (4) patients who are cognitively impaired and
mentally ill; (5) malignant tumors, acute infectious dis-
eases, or other chronic consumptive diseases.

General clinical data collection and laboratory
tests

The general clinical data collection and test examinations
were performed. We collected the general clinical char-
acteristics including gender, age, body mass index (BMI
is calculated as weight/height?), duration of T2DM, and
duration of DF ulcer. All patients were fasted for more
than 12 h. The serum and plasma were collected and
examined according to the standard protocol.

Assessment of Sarcopenia

Body composition was assessed by dual energy X-ray
absorptiometry (DXA) (Norland, USA). Height-corrected
appendicular skeletal muscle mass index [ASMI=limb
skeletal muscle mass (kg)/height* (m?)] was used. Based
on the diagnostic consensus of AWGS 2019 [6], patient
with the appendicular skeletal muscle mass index
(ASMI)<7.0 kg/m? for men and <5.4 kg/m? for women is
diagnosed with sarcopenia.

Muscle strength was assessed using a medical grip
strength device. The patient was seated with their elbow
bent at a 90° angle. The dominant hand was measured
twice and the maximum value was recorded. Accord-
ing to the grip strength diagnostic thresholds of AWGS
Consensus 2019 [6], the diagnostic criteria of sarcopenia
is grip strength<28 kg for male, and <18 kg for female.
The patient’s trunk function was assessed using the 5X
sit-to-stand test instead of using gait speed [6]. Patients
were instructed to place their hands on their shoulders
and stand up from a chair that was 46 cm in height. This
process was recorded five times. The diagnostic criteria
of reduced trunk function is that the patient takes 12 s
or more to complete all 5 times of sit-stands. Based on
AWGS Consensus of sarcopenia, patient with decreased
muscle mass in their limbs, along with reduced muscle
strength or trunk function is diagnosed as sarcopenia. In
addition, if patient shows decreased muscle mass in their
limbs along with reduced muscle strength and trunk
function, they can be diagnosed with severe sarcopenia.

Grade assessment of diabetic foot ulcers

Grade assessment was conducted by medical profession-
als using the Wagner classification (Grade 0-5): Grade 0
represents a high-risk foot, with no ulceration but pre-
senting risk factors for ulceration and infection; Grade 1
represents superficial ulceration without infection; Grade
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2 indicates a moderately deep ulceration, often accom-
panied by soft tissue infection, without abscess or osteo-
myelitis; Grade 3 is characterized as deep ulceration,
commonly accompanied by abscess and osteomyelitis;
Grade 4 corresponds to localized gangrene, frequently
associated with neuropathy, and Grade 5 denotes exten-
sive or total foot gangrene [7].

Assessment of foot-ankle function and
measurement of TcPO2

Specialists evaluate foot-ankle function using American
Orthopaedic Foot and Ankle Society (AOFAS) Ankle-
Hindfoot Score [8]. According to the AOFAS ankle-
hindfoot score, the ankle-foot function was evaluated
and graded as “excellent, good, fair, poor” groups. The
parameters included pain, function, autonomous activ-
ity, support, maximum walking distance, grand walking,
abnormal gait, anteroposterior movement, hind-foot
movement, ankle-hindfoot stability, and alignment. The
grade was classified as Excellent group: 90~ 100 points,
Good group: 75~89 points, Fair group: 50 ~74 points,
and Poor group: <50 points (Suppl Table 1) [9]. The anal-
ysis of TcPO, was performed by skilled technicians using
a TcPO2 analyzer manufactured (Radiometer Medical
ApS, Denmark).

In order to minimize bias, two experienced physicians
performed the AOFAS ankle-hindfoot scale assessments
independently. Both physicians received comprehensive
training on the administration and physical examination
of the AOFAS ankle-hindfoot score from an experienced
podiatrists.

Statistical analysis

The statistical analyses were conducted using SPSS Sta-
tistics 26.0. Results were presented as meanztstandard
deviation (SD). The ¢-test was performed for compari-
son between two groups of normally distributed con-
tinuous data (mean+SD). For comparison of continuous
data among multiple groups, one-way analysis of vari-
ance (ANOVA) was used. For non-normally distributed
continuous data, the comparison was conducted using
non-parametric tests represented by median. Then we
performed post-hoc analysis on these continuous data
using Bonferroni correction. The comparison of categori-
cal data was presented as percentages, and the analysis
performed using the chi-squared test or Fisher’s exact
test. Logistic regression analysis was employed for the
analysis of influencing factors. P<0.05 was considered as
statistically significant differences.
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Table 1 Comparison of clinical characteristics between the
Sarcopenia and non-sarcopenia groups in DF ulcer patients

DF with DF without t/Z/x* Pvalue
sarcopenia sarcopenia value
(n=44) (n=64)
Gender 77.3%/22.7% 59.4%/40.6% 3759  0.053
(male/
female)
Age (years 67.27+7.93 61.09+943 3.565 0001
old)
BMI (kg/ 21.80+245 2457+321 483 <0001
m?)
Dura- 18.5 (10, 20) 10 (6,19.5) 2972 0003
tion of
diabetes
(years)
Duration  20.5 (14.25, 60) 15 (10,41.25) -1.154 0249
of DF
(days)
Wagner 13.6%/27.3%/29.5% 31.3%/43.8%/14.1% 13.733  0.005
classifica-  25%/4.5% 10.9%/0
tion (1/2/3
/4/5)

Gender was assessed using the chi-squared test; Wagner classification was
evaluated using Fisher's exact test; age and BMI were analyzed using the t-test,
while the duration of diabetes and DF disease course were examined using
non-parametric tests. *P<0.05 indicates statistical significance. DF, diabetic
foot; BMI, body mass index

Table 2 Comparison of indicators between the Sarcopenia and
non-sarcopenia groups in DF patients

DF with DF without Wald  Pvalue
sarcopenia  sarcopenia X
(n=44) (n=64)
Lumbar T-score -0.60+1.37 0.08+1.86 1.107 0.293
Femoral T-score -1.33+1.27 -0.77+1.27 0.001 0977
ASMI (kg/m?) 6.40 (5.63, 7.27 (6.56, 61.796 <0.001"
6.78) 7.87)
Grip strength (kg) 29 29.25 (22.73, 9.987 0.002"
(23.7,30.78) 32.63)
5X Sit-to-stand 15.28 (13.51, 1259(10.67, 5.129 0.024"
test (s) 17.97) 14.77)
AOFAS ankle-hind- 57 (45.5,72) 76 (60.25, 87) 2.249 0.134
foot score
TcPO2 (mmHg) 16.65 (11, 33.25(17.08, 8.775 0.003"
25.7) 44.78)

The generalized linear models (GLM) was used to examine the relationship
between DF with or without sarcopenia and the key parameters. Age, sex,
BMI, duration of diabetes, and Wagner classification were adjusted. *<0.05
indicates statistical significance

DF, diabetic foot; BMC, bone mineral content. ASMI, appendicular skeletal
muscle mass index. 5X Sit-stand test, five-times sit-to-stand test. AOFAS,
American Orthopaedic Foot and Ankle Society ankle-hindfoot score. TcPO,,
transcutaneous oxygenpressure

Results

Parameters of foot-ankle function aggravate in the DF
patients with Sarcopenia

Patients with DF ulcer were divided into DF with sarco-
penia group and DF without sarcopenia group. As shown
in Tables 1 and 2, age, BMI, duration of diabetes, Wagner
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classification, ASMI, Grip strength, 5X sit-to-stand test,
transcutaneous oxygenpressure (TcPO,), and serum cre-
atine (sCr) were significant different between the two
groups (P<0.05). DF with sarcopenia patients showed
advanced age, lower BMI, longer duration of T2DM
and DF ulcer, and more severe Wagner classification
(Table 1). In addition, sarcopenia group showed reduced
ASM]I, grip strength, prolonged 5X sit-to-stand time, and
reduced TcPO, (Table 2).

Comparison of clinical characteristics between DF patients
with or without Sarcopenia

We compared the clinical characteristics between groups
of DF with or without sarcopenia. In DF with sarcopenia
group, patients showed higher sCr after adjusted age, sex,
BMI, duration of DM, Wagner classification. There was
no difference between two groups of the blood glucose
level, including FBG and HbA1c, liver function, uric acid,
UACR, or lipid profiles including total cholesterol (TC),
triglyceride (TG), low-density-lipoprotein cholesterol
(LDL-C) and high-density-lipoprotein cholesterol (HDL-
C) (Table 3).

Table 3 Comparison of biochemical indicators between the
Sarcopenia and non-sarcopenia groups in DF patients

DF with DF without Wald P
sarcopenia sarcopenia X value
(n=44) (n=64)

HbA1c (%) 8.6(7.7,10.95) 8.3(7.3,9.45) 1379 0.240

FBG (mmol/L) 5.23(7.45,892) 6.87(549,9.13)  1.134 0287

ALB (g/L) 37.57 (3275, 39.17 (36.02, 0.748 0387
40.25) 41.95)

ALT (U/L) 16.5(10.33,22.53) 16.05(12,2063) 0510 0475

AST (U/L) 15(12.9,19.73) 15.2(12.93,1845) 0621 0431

TG (mmol/L) 0.99 (0.73,1.45) 1.09 (0.83,1.52) 0.052 0.820

TC (mmol/L) 448+1.19 4.74+1.20 0.802 0370

HDL-C 1.13(0.94, 1.25) 1.07(0.90, 1.32) 1.764 0.184

(mmol/L)

LDL-C 2.70+1.06 2.99+0.99 0.752 0386

(mmol/L)

sCr (umol/L) 77.35 (56.75, 64.6 (52.25,87.73) 3904 0048
101.8)

UA (umol/L) 324.05+107.56 313.28+£7940 0483 0487

UACR (mg/g) 24326 (28.33, 45.69 (1545, 0220 0639
1045.85) 236.71)

WBC (*10%/L) 9(6.11,11.73) 7.53(6.29,9.54) 0204 0.652

CRP (mg/L) 20.21(9.37,5346) 10.07(1.94,17.09) 1452 0.228

The generalized linear models (GLM) was used to analyzed the relationship
between DF with or without sarcopenia and the key parameters. Age, sex,
BMI, duration of diabetes, and Wagner classification were adjusted. *P<0.05
indicates statistical significance

DF, diabetic foot; HbAlc, Hemoglobin Alc; FBG, fasting blood glucose;
ALB, Albumin; ALT, Alanine transaminase; AST, Aspartate transaminase; TG,
triglyceride; TC, total cholesterol; LDL-C, low-density-lipoprotein cholesterol;
HDL-C, high-density-lipoprotein cholesterol; sCr, serum creatine; UA, uric acid;
UACR, Urinary albumin creatinine ratio; WBC, white blood cell; CRP, C-reactive
protein
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The stratified comparison analysis of foot-ankle function in
patients with DF ulcer

The ankle-foot function was evaluated and graded as
“excellent, good, fair, poor” groups according to the
AOFAS ankle-hindfoot score [8] (Suppl Table 1). The
univariate analysis showed that age, severity of ulcer, sar-
copenia severity, TcPO,, grip strength, 5X sit-to-stand
test, lumbar T-score, femoral T-score were significant
different among excellent, good, fair and poor groups of
foot-ankle function in patients with DF ulcer (P<0.05)
(Table 4). The foot-ankle function significantly exacer-
bated with aging. The severity of ulcer and sarcopenia,
including grip strength, 5X sit-to-stand test, and TcPO,
deteriorated with the progression of impaired foot-
ankle function. In addition, TG, HDL-C, D-dimer, and
CRP were significantly different among excellent, good,
fair and poor groups of foot-ankle function (P<0.05)
(Table 4). The stratified comparison analysis indicated
that severity of sarcopenia and DF ulcer, grip strength, 5X
sit-to-stand test, reduced TcPO,, and bone mineral den-
sity (BMD) were aggravated with the impaired foot-ankle
function.

Logistic analysis of the factors influencing foot-ankle
function in DF ulcer patients

Multivariate Logistic regression analysis showed that the
age, TcPO,, and severity of sarcopenia were indepen-
dent risk factors for foot-ankle function. Compared to
patients with severe sarcopenia, the odds ratio (OR) was
0.056 (P=0.032), 0.082 (P=0.041), and 0.091 (P=0.043)
in sarcopenia grading of 0, 1, and 2 patients, respectively
(Table 5). The TcPO,, age, and sarcopenia severity were
identified as the vital risk factors influencing foot-ankle
function in DF ulcer patients.

Discussion

In this study, we investigated the relationship of sarco-
penia and foot-ankle function in patients with DF ulcer.
Sarcopenia was identified as the risk factor which affect-
ing foot-ankle function. The AOFAS ankle-hindfoot
scores were significantly reduced in sarcopenia group
compared to those of non-sarcopenia. Furthermore, the
stratified comparison of foot-ankle function showed that
the impaired foot-ankle function deteriorated with the
severity of sarcopenia. Thus, our study provided clinical
evidence that sarcopenia aggravates the foot-ankle func-
tion in DF ulcer. The early examination and intervention
of sarcopenia should be considered to defense the muscle
wasting during the long-term comprehensive therapy for
DF ulcer.

It is widely recognized that skeletal muscles play a cru-
cial role in providing support and protection to joints.
Impaired skeletal muscle function could lead to the
decreased mobility and increased risk of falls and bone
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Table 4 Stratified comparison of foot-ankle function in patients with type 2 diabetic foot
Excellent group Good group (n=30) Fair group (n=40) Poor group (n=26) P value
(n=12)
Clinical characteristics
Age (year) 52 (47.25,59.25) 59.5 (57.75, 65) 66.5(58.5,71.75) *° 72 (69, 76.25) * b€ <0.001"
BMI (kg/m2) 23.94+332 2393+284 23.63+3.54 22.36+296 0.257
Duration of DM (year) 11(9.25,17.75) 9(4.75,18.5) 15 (7.5, 20) 16.5 (10, 20) 0.056
Duration of DF (year) 10 (7, 60) 15(10, 30) 20 (10, 30) 30 (15, 60) 0.052
Parameters of sarcopenia and foot-ankle function
Ulceration severity 25%/75%/0 33.3%/63.3%/3.3% 25%/62.5%/12.5% 11.55%/34.6%/53.8% <0.001"
(mild/moderate/severe)
Sarcopenia classification 83.3%/16.7%/0/0 70%/3.3%/26.7%/0 42.5%/7.5%/47.5%/2.5% 34.6%/3.8%/19.2%/42.3% <0.001"
(None/Reduced muscle mass/ ab
Sarcopenia/Severe sarcopenia)
Grip strength 33.25(25.53,34.2) 324 (29.63,34.13) 29.1 (22.83, 31 J)b 2345(17.05,28.73) b <0.001"
5X sit-to-stand test 11.20(9.93,13.06)  13.10(11.04, 14.47) 13.39(12.69,16.93) ° 17.81(13.86,19.52) b:¢ <0.001"
TcPO2 44,55 (42.68,48.65) 36.9(26.38,45.7) 22(13.13,296) b 11.7 (1045, 16.25) @ b.c <0.001"
Lumbar T score 1.71(0.78,2.58) 0.2 (-1.07,0.80) ® -0.15(-143,0.74) ° -1.5(-2.23,-0.70) * b <0.001"
Femoral T score 0.18+1.17 -0.90+1.12 -1.07+1.26° -156+127° 0.001"
Biochemical data
HbATC (%) 9.15(7.73,10.95) 8.55(7.35,10.5) 85(7.22,9.65) 8.3(7.22,9.75) 0.59
FBG (mmol/L) 8.69 (7.55,9.93) 6.38 (5.75,8.35) 7.63(5.26,8.95) 6.42 (5.14,8.38) 0.25
C-P (nmol/L) 0.93(0.61, 1.70) 1.44(0.93,1.91) 1.24(0.63, 1.80) 1.64 (0.95, 2.26) 0.228
FINS (mIU/L) 5.96(1.47,11.92) 5.99 (2.30, 8.85) 4.19(1.65,8.31) 568(2.15,14.72) 0.604
ALB (g/dL) 36.3 (30.95,41.75) 38.99 (35.28,41.43) 37.79(32.37,42) 39.33(34.60,41.1) 0.704
ALT (U/L) 16.25(11.58,21.75) 15(12,18.63) 17.5(12,23.25) 16 (10.75, 24.48) 0.6
AST (U/L) 15.55(12.1,18.9) 14.15(11.95,18) 16 (13.6, 18.98) 15(13,21.70) 0.409
TG (mmol/L) 1.62(1.40,2.22) 1(0.83,142)° 1.01(0.74,1.53) 1.03(0.82,1.33) 0.04"
TC (mmol/L) 5.01+0.98 4.27+091 467+1.23 463+1.20 0.113
HDL-C (mmol/L) 0.96+0.24 1.02+0.25 1.21+033 1174033 0017
LDL-C (mmol/L) 3.31(248,4.44) 2.64(2.16,3.14) 2.95(2.1,3.37) 2.78(1.99,3.76) 0.24
BUN (mmol/L) 6.51(4.83,8.19) 6.14(5.13,7.21) 6.34 (5.24,7.76) 7.14 (6.01,8.58) 0.246
sCr (umol/L) 76.4 (46.48,95.05) 70.15 (52.25,89.45) 65.05 (52.25,87.38) 64.7 (58.5,95.58) 0.867
UA (umol/L) 336.55 (304.5, 293.3(243.25,327.83) 300.5 (244.75,367.1) 338.8 (263.68,415.83) 0.14
389.9)
UACR (mg/gCr) 40.15(11.18, 51.59 (14.8,324.85) 4843 (16.83,636.59) 347 (42.65,820.52) 0.142
885.58)
D-dimer 335(1725,377.5) 345(197.5,392.5) 375(322.5,455) 390 (357.5, 460) 0028
WBC (*10°/L) 8.11 (6.68,9.75) 7.31(6.27,9.42) 821 (5.66,11.3) 7.79 (6.23,11.15) 0.937
CRP (mg/dL) 11.38(5.19,19.72)  7.78(0.88,16.22) 11.05 (3.46, 35.44) 164 (10.32,43.3)° 0.028"

BMI, femoral T-score, TC, and HDL-C were analyzed using the F-test. The remaining indicators were assessed using the Kruskal-Wallis rank test. We used the Bonferroni
correction for post-hoc analysis. *P<0.05 indicates statistical significance. * indicates that compared with the Excellent group, P<0.05;  indicates that compared with
the Good group, P<0.05; ©indicates that compared with the Fair group, P<0.05; both pairwise comparisons have undergone multiple corrections

According to the diagnostic criteria of AWGS 2019, the severity of sarcopenia can be classified as: no sarcopenia, reduced muscle mass, sarcopenia, and severe

sarcopenia

According to the AOFAS ankle-hindfoot score, the ankle-foot function was evaluated and graded as “excellent, good, fair, poor” groups. The grade was classified as
Excellent group: 90~ 100 points, Good group: 75 ~ 89 points, Fair group: 50 ~ 74 points, and Poor group: <50 points (Suppl Table 1)

DF, diabetic foot; TcPO2, transcutaneous oxygenpressure; HbAlc, Hemoglobin Alc; FBG, fasting blood glucose; C-P, C-peptide; FINS, fasting insulin; ALB, Albumin;
ALT, Alanine transaminase; AST, Aspartate transaminase; TG, triglyceride; TC, total cholesterol; LDL-C, low-density-lipoprotein cholesterol; HDL-C, high-density-
lipoprotein cholesterol; BUN, Blood urea nitrogen; sCr, serum creatine; UA, uric acid; UACR, Urinary albumin creatinine ratio; WBC, white blood cell; CRP, C-reactive

protein

fractures. Recent studies indicate that the prevalence of
sarcopenia among elderly Chinese patients with diabetes
is 14.8% [10]. However, studies on sarcopenia in the DF
population are limited. Previous studies indicated that
sarcopenia in DF patients was associated with advanced
age, longer duration of diabetes, poor glycemic control,

and impaired vascular function [11, 12]. Oxidative stress
and inflammation infiltration may disrupt the balance
between muscle synthesis and degradation, thereby
exacerbating muscle atrophy [13]. Severe lower extrem-
ity stenosis and DPN in DF patients, combined with fac-
tors including infections, malnutrition, immobility, could
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Table 5 Multivariate logistic regression analysis of factors
influencing foot-ankle function in patients with DF

B SE Wald P OR (95%Cl)
foot-ankle -5.086 2.828 3233 0072 0.006 (0.000,
function=1 1.580)
foot-ankle -2437 2810 0.752 0386 0.087 (0.000,
function=2 21.556)
foot-ankle 0578 2812 0042 0837 1.782(0.007,
function=3 441.110)
Age 0.082 0034 5880 0015 1.085(1.016,
1.159)
Sex (versus female) -0.799 0459 3.035 0.081 0450(0.183,
1.105)
BMI (kg/m2) -0.022 0.070 0.094 0760 0.979(0.853,
1.124)
Duration of DM -0.034 0.028 1503 0220 0.967 (0916,
(years) 1.020
TcPO2 -0.077 0025 9683 0.002° 0.926(0.883,
0.972)
CRP 0.003 0.009 0.116 0.733  1.003 (0.986,
1.020)
Severity of Foot -0.969 0788 1510 0219 0.380(0.081,
Ulcer=1 1.780)
Severity of Foot -1.113 0696 2562 0.109 0.328(0.084,
Ulcer=2 1.284)
Severity of Foot reference
Ulcer=3
Sarcopenia -2.884 1342 4591 0.032° 0.056(-5.592,
Grading=0 -0.252)
Sarcopenia -2495 1222 4168 0.041 0.082(-5.024,
Grading=1 -0.161)
Sarcopenia -2.393 1182 4098 0043" 0.091 (0.009,
Grading=2 0.927)
Sarcopenia reference
Grading=3

B: Partial Regression Coefficient; SE: Standard Error; OR: Odds Ratio; 95% Cl: 95%
Confidence Interval; TcPO,, transcutaneous oxygenpressure; CRP, C-reactive
protein

We used ordinal logistic regression analysis, and adjusted for age, sex, BMI,
duration of diabetes, TcPO2, CRP, severity of foot ulcer, and sarcopenia grading
in the model. *P<0.05 indicates statistical significance

The assignment of foot-ankle function is as follows: Excellent foot-ankle
function group is assigned a value of 1, Good group is assigned a value of 2, Fair
group is assigned a value of 3, and Poor foot-ankle function group is assigned
a value of 4. The assessment of severity of foot ulcer is as follow: Mild degree
of foot ulceration is assigned as value of 1, Moderate is assigned as value of 2,
Severe is assigned as value of 3. Evaluation of sarcopenia severity is assigned
as follows: No sarcopenia is assigned a value of 0, Reduced muscle mass is
assigned a value of 1, Sarcopenia is assigned a value of 2, and Severe sarcopenia
is assigned a value of 3

potentially increase the risk of sarcopenia and deteriorate
the progression. DPN leads to the loss of motor units and
reduction in nerve fibers, resulting in atrophy of lower
extremity muscles and reduced muscle strength, espe-
cially in the intrinsic muscles of the lower extremities [14,
15]. With the neuro-degeneration, the skeletal muscle
atrophy was progressive, leading to the alterations in the
structure, gait, and changes in foot pressure. Those fac-
tors contribute to the increased risk of foot ulcers. Dia-
betic autonomic neuropathy leads to abnormal sweat
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secretion, dry and cracked skin, facilitating the forma-
tion of calluses, and alters foot pressure. Moreover, the
opening of arteriovenous shunts is increased, results in
the lower extremity hemodynamic disorders [16, 17].
The sensory abnormalities caused by DPN could mani-
fest as lost of pain, temperature, and touch sensations.
This lack of protective sensation leads to the exacerbat-
ing the occurrence of DF [18]. DPN impacts the sensory,
motor, and autonomic nervous systems. It can also result
in bone deformities, restricted joint mobility, unstable
gait, and increased plantar pressure. In the condition
of trauma, it can further lead to the development of DF
ulcer [18-20]. Multiple studies have indicated that altera-
tions in gait and body stability in T2DM patients occur
before the clinical symptoms of DPN [21-23].

TcPO, is a vital factor affecting foot-ankle function.
DPVD results in heightened plantar pressure in T2DM
patients. The increased pressure leads to the compression
of plantar capillaries, and microangiopathy, then results
in a vicious cycle [25]. Jung et al. reported that muscle
mass in DF patients was related to the lower limb pres-
ervation [26]. In addition, sarcopenia increases the risk of
mortality in diabetic amputees. The lower skeletal muscle
capillarization may affect exercise capacity with aging
[27]. A cross-sectional study suggested that decreased
capillary density in skeletal muscles was observed in
elderly individuals with sarcopenia, and the severity of
sarcopenia was correlated with skeletal muscle capillar-
ization [29]. Atherosclerosis occurs in T2DM patients
due to poor glycemic control and dyslipidemia, lead-
ing to lower extremity arterial occlusion. The primary
manifestations include intermittent claudication, rest
pain, ulcers, and gangrene, which can affect the patient’s
gait and balance stability [29]. A few studies reveal that
peripheral arterial disease (PAD) is an independent risk
factor for amputation in patients with DF [30-32].

There are several limitations of this study. First, this
study was a cross-sectional observational study. We did
not conduct the analysis of fellow-up and prognosis due
to the poor compliance of DF patients. Further investiga-
tion associated with prognosis and long-term fellow-up
will be performed in the future. Second, this study was
conducted in small sample size. We will expand the sam-
ple size to provide firm clinical evidence. Third, several
factors associated with sarcopenia were not included in
this study, such as detailed evaluation of nutrition condi-
tion, exercise restriction, bedrest duration, anti-diabetic
agents.

In summary, we indicated that DF patients with sarco-
penia showed deteriorated foot-ankle function compared
to those without sarcopenia. The severity of sarcopenia,
age, and TcPO, are the risk factors for impaired foot-
ankle function in DF patients. Therefore, it is necessary
to recognize the impact of sarcopenia on foot-ankle
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function, to improve quality of life, and decrease the
risk of falls, fractures, and even mortality in aged T2DM
patients.

Conclusion

In conclusion, the sarcopenia aggravates the foot-ankle
function in patients with DF ulcer. Thus, the prevention
of muscle mass and strength loss could be considered as
part of comprehensive therapy for DF ulcer to improve
the prognosis.
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