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Background: As an early manifestation of diabetic peripheral neuropathy (DPN), sudomotor dysfunction significantly increases the 
risk of diabetic foot ulcer. The pathogenesis of sudomotor dysfunction is still unclear. Lower limb ischemia may be related to 
sudomotor dysfunction, but few studies have explored it. The purpose of this study is to explore the relationship between sudomotor 
function and comprehensive lower limb arterial ischemia including large arteries, small arteries and microvascular in type 2 diabetes 
mellitus (T2DM).
Patients and Methods: 511 T2DM patients were enrolled in this cross-sectional study. Sudomotor function was assessed 
qualitatively and quantitatively by Neuropad. Lower limb arterial ischemia was defined as any abnormality of the ankle brachial 
index (ABI), toe brachial index (TBI) or transcutaneous oxygen tension (TcPO2).
Results: In this study, 75.1% of patients had sudomotor dysfunction. Compared with normal sudomotor function, patients with 
sudomotor dysfunction had a higher incidence of lower limb arterial ischemia (51.2% vs 36.2%, p = 0.004). Similarly, compared with 
the non-arterial ischemia group, the proportion of sudomotor disorders was higher in the arterial ischemia group (p = 0.004). Low TBI 
and low TcPO2 groups also had a higher proportion of sudomotor disorders (all p < 0.05).Compare with normal groups, low ABI, low 
TBI, and low TcPO2 groups had lower Slop4 which quantitatively reflecting Neuropad discoloration. Arterial ischemia was an 
independent risk factor for sudomotor dysfunction [OR = 1.754, p = 0.024]. Low TcPO2 also independently increased the risk of 
sudomotor disorders [OR = 2.231, p = 0.026].
Conclusion: Lower limb arterial ischemia is an independent risk factor of sudomotor dysfunction. Especially below the ankle (BTA) 
small arteries and microvascular ischemia may also be involved in the occurrence of sudomotor disorders.
Keywords: sudomotor function, lower limb arterial ischemia, ankle brachial index, toe brachial index, transcutaneous oxygen tension

Introduction
Diabetic peripheral neuropathy (DPN) is one of the common complications of diabetes,1 and the most frequently 
observed form of DPN is distal symmetric polyneuropathy (DSPN).2 Sudomotor dysfunction, which is caused by 
impairment of unmyelinated sympathetic nerve fibers, could be detected in the early stage of DSPN.3 Notably, the 
anhidrosis, dryness, and fissures induced by sudomotor dysfunction are related to a high risk of diabetic foot ulcers 
(DFU). A cross-sectional study4 confirmed that sudomotor dysfunction assessed by sympathetic skin response (SSR) was 
associated with an almost 15 times higher risk of foot ulceration in comparison with normal subjects. Another 6-year 
follow-up study5 of 308 patients without DFU showed that the sudomotor dysfunction assessed by Neuropad increased 
the risk of DFU by nearly 3 times. Therefore, early detection and intervention of the sudomotor dysfunction are 
particularly significant for reducing the occurrence of DFU, even if the patients without overt neuropathic symptoms.

Lower limb ischemia is an important cause of DPN. Prolongation of distal motor latencies, decrease of motor and 
sensory nerve conduction velocities were found in 25 patients with chronic lower limb ischemia.6 Ziegler et al7 used the 
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Michigan Neuropathy Screening Instrument (MNSI) to determine the presence of diabetes polyneuropathy and found that 
peripheral arterial disease (PAD) was an independent risk factor for polyneuropathy.

However, few studies have focused on the relationship between lower limb ischemia and sudomotor dysfunction 
caused by autonomic nerve damage. Argyriou8 et al discovered that significantly abnormal SSR in 25 patients with PAD 
presenting the Fontaine stage IIa compared with healthy subjects. Chahal et al9 revealed that sudomotor dysfunction was 
closely related to PAD evaluated by ankle brachial index (ABI) in 36 type 2 diabetic patients. Existing studies had small 
sample size, weak statistical power, and only included patients with major artery ischemia with decreased ABI.

The ABI is considered a diagnostic criterion for PAD, but it is susceptible to arterial calcification and only reflects the 
larger arteries ischemia below the knee (BTK).10 Other point-of-care devices (POCDs) such as toe brachial index (TBI) 
and transcutaneous oxygen tension (TcPO2) made up for the shortcomings of ABI. TBI is less affected by arterial 
calcification, and it reflects the ischemia of the distal small arteries below the ankle (BTA),11,12 which has been reported 
to be related to the occurrence of DFU.13 TcPO2 directly reflects tissue oxygenation and microvascular ischemia, which 
can distinguish between asymptomatic ischemic and non-ischemic states.14 The Neuropad is a non-invasive and 
convenient POCDs that evaluates the sweat gland secretion function.15 The sudomotor function can be evaluated 
qualitatively and quantitatively by using Neuropad. Consequently, the objective of this research is to explore the 
correlation of sudomotor function assessed by Neuropad with comprehensive lower limb arterial ischemia assessed by 
ABI, TBI and TcPO2 in type 2 diabetes mellitus (T2DM).

Materials and Methods
Study Population
511 inpatients were enrolled in this cross-sectional study at the First Affiliated Hospital of Chongqing Medical 
University. Inclusion criteria: 1) patients with the diagnosis of T2DM according to the American Diabetes Association 
(ADA) standards and 2) patients aged 18 to 80 years. Exclusion criteria included: 1) taking drugs that affect autonomic 
nerve function, such as β receptor blockers and antiarrhythmic drugs; 2) diabetic foot ulcers; 3) extensive foot skin 
lesions, plantar hyperkeratosis, and desquamation; 4) renal failure with estimated glomerular filtration rate (eGFR) < 
30 mL/min/1.73 m2 and hepatic failure with liver enzymes three times higher than normal; 5) acute and chronic 
infection; 6) malignant tumor; 7) cervical and lumbar diseases; 8) thyroid diseases; 9) mental and psychological illness; 
10) taking medications that impact vascular function;11) serious arrhythmia and cardiac failure;12) acute thrombosis. 
This study was approved by the Research Ethics Committee of Chongqing Medical University, and was conducted in 
accordance with the Declaration of Helsinki. All participants have signed informed consent prior to the survey.

Clinical and Laboratory Assessment
Historical and anthropometric data were collected (including age, sex, duration of diabetes, body mass index (BMI), 
blood pressure, history of hypertension, smoking and drinking). For the routine biochemical variables, glycosylated 
hemoglobin (HbA1c) level was assessed by high-pressure liquid chromatography (Trinity Biotech, PremierHb9210, 
Ireland). The fasting serum total cholesterol (TC), triglyceride (TG), high-density lipoprotein (HDL), and low-density 
lipoprotein (LDL) were measured by an enzymatic assay (Wako Diagnostics, Tokyo, Japan). The thyroid-stimulating 
hormone (TSH) was measured by chemiluminescence (Modular DDP, Roche). The serum creatinine (Scr) was deter
mined by enzymatic methods (Roche Diagnostic, Mannheim, Germany). The estimated glomerular filtration rate (eGFR) 
level was calculated using the simplified Modification of Diet in Renal Disease (MDRD) equation. The urinary albumin 
and creatinine concentrations were measured by the turbidimetric immunoassay and the enzymatic colorimetric method 
on an automatic analyzer (Hitachi 7600, Tokyo, Japan). The urinary albumin/creatinine ratio (ACR) was calculated as the 
urinary albumin (mg)/creatinine (g).

Peripheral Vascular Examination and Definition of Arterial Ischemia
ABI and TBI were evaluated using an automatic device (OMRON HBP-8000, Tokyo, Japan). The ABI is the ratio of the 
ankle artery pressure to the brachial artery systolic pressure, while the TBI is the ratio of the toe artery pressure to the 

https://doi.org/10.2147/DMSO.S402797                                                                                                                                                                                                                               

DovePress                                                                                                                                

Diabetes, Metabolic Syndrome and Obesity 2023:16 884

Lv et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


brachial artery systolic pressure. Participants were rested in a supine position at a room temperature of 24 to 26°C, and 
then the brachial systolic pressure, ankle pressure, and toe blood pressure were measured simultaneously. The TcPO2 
(PERIMED PF6000, Sweden) was measured in the forefoot at the dorsum of first intermetatarsal space with the 
transducer heated to 45°C when the patient was in the supine position. All measurement results were selected on the 
right side for analysis.

A low ABI was deemed to be an ABI <0.9,16 and a low TBI was <0.75.17 It was considered as a low TcPO2 if the 
TcPO2 was < 40 mmHg.18 We adopted an ABI < 0.9 or TBI < 0.75 or TcPO2< 40 mmHg as lower limb arterial ischemia.

Neuropad Test Procedure and Definition of Sudomotor Function Indicators
The Neuropad (miro Verbandstoffe GmbH, Germany) is an adhesive patch that assesses plantar sweat production by 
a chemical reaction manifested. Patients removed their shoes and socks, and rested in a supine position for at least ten 
minutes at room temperature 25°C. The patch was applied between the first and second metatarsal heads on the sole of 
the right foot, avoiding areas of hyperkeratosis. The Neuropad color change was assessed at 10 min. Sudomotor 
dysfunction was considered if the Neuropad patch remained blue after 10 minutes of application to the plantar surface 
of the foot, or if the patch was patchy but not homogeneous pink.19

In addition, we also quantitatively evaluated the Neuropad response. The Sudocheck (Norsda Medical instruments, 
China), a handheld chromatic aberration analyzer, was used to detect the chromatic aberration value of the patch pasted 
on the foot per minute. After the examination, the chromatic aberration value was exported to NORSDA-NCM-PC 
software, and the chromatic aberration curve was drawn. The change rate of the chromatic aberration value was 
calculated per minute using the SLOPE function. According to our previous study (NCT05347420), the slope of the 
chromatic aberration curve in the first 4 minutes (Slop4) was selected to represent the sudomotor function because it has 
the best diagnostic efficacy for DSPN. A higher slope indicated faster discoloration and a better sudomotor function.

Statistical Analyses
Continuous variables are shown as means ± SDs in the case of normally distributed parameters or medians (interquartile 
range) in case of non-normally distributed parameters. Categorical variables are represented as frequency (percentage). 
The data were compared between the two groups using the Student’s t-test for normal distributions and the Mann– 
Whitney U-test for non-normal distributions. The Chi-Square test was used to analyze the categorical date. The three 
groups were compared using a one-way ANOVA. Both a binary logistic regression analysis and a multivariate linear 
logistic regression analysis were used to analyze the associations between the sudomotor function and arterial ischemia. 
A two-sided p < 0.05 was considered statistically significant. The statistical analyses were performed using IBM SPSS 
version 24.0.

Results
Enrolled Patients
A total of 511 T2DM inpatients were analyzed in this study. Among them, 384(75.1%) were identified to have sudomotor 
dysfunction and 127(24.9%) were not. 242(47.4%) patients had lower limb arterial ischemia, including 7(2.4%) cases 
with low ABIs, 191(66.6%) cases with low TBIs, and 89 (31.0%) cases with low TcPO2s.

Characteristics of the Population and Comparison Between Patients with and without 
Sudomotor Dysfunction
Compared with normal sudomotor function, patients with sudomotor dysfunction had a higher incidence of lower limb 
arterial ischemia (51.2 vs 36.2%, p = 0.004). Additionally, the ages, duration of diabetes and Scr were higher (all p < 
0.05), while the diastolic pressures and eGFR (all p < 0.05) were lower in the sudomotor dysfunction group (Table 1). 
There were no significant differences in sex, systolic pressure, BMI, HbA1c, TSH, TC, TG, LDL, HDL, or ACR between 
the two groups.
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Comparison of Groups Based on the Presence or Absence of Lower Limb Arterial 
Ischemia
Compared with the non-arterial ischemia group, the ABIs, TBIs, and TcPO2s were significantly lower in the arterial 
ischemia group (all p < 0.001). The prevalence of sudomotor dysfunction (80.9 vs 69.9%, p = 0.004) was significantly 
higher in the patients with arterial ischemia than those without arterial ischemia. In addition, the index that quantitatively 
reflects the sudomotor function, Slop4, was lower in the lower limb arterial ischemia patients than that in the control 
patients (8.08 ± 4.84 vs 10.42 ± 5.32, p < 0.001) (Table 2).

Comparison of the Sudomotor Function Among the Different Types of Arterial 
Ischemia
Qualitative sudomotor function:

Table 1 Primary Characteristics of Patients with and without Sudomotor Dysfunction

Without Sudomotor  
Dysfunction (n=127)

With Sudomotor  
Dysfunction (n=384)

P

Sex (F/M) (n) 83/44 237/147 0.603

Age (years) 56 (48–64) 62 (54–70) <0.001*

BMI (kg/m2) 24.87 ± 3.65 24.20 ± 3.30 0.068
Duration of diabetes (years) 8 (2–12) 10 (5–17) 0.001*

Systolic pressure (mmHg) 137 ± 18 134 ± 19 0.092

Diastolic pressure (mmHg) 82 ± 13 77 ± 12 0.001*
HbA1c (%) 9.43 ± 2.32 9.18 ± 2.47 0.293

TSH (mIU/L) 1.87 (1.20–2.68) 1.97 (1.38–2.85) 0.143
TC (mmol/L) 4.26 (3.75–5.01) 4.14 (3.41–5.07) 0.592

TG (mmol/L) 1.63 (1.12–2.39) 1.37 (0.95–2.14) 0.054

LDL (mmol/L) 2.65 (2.07–3.23) 2.45 (1.82–3.17) 0.423
HDL (mmol/L) 1.06 (0.88–1.28) 1.05 (0.88–1.27) 0.784

Scr (umol/L) 64 (52–76) 72 (58–90) <0.001*

eGFR (mL/min/1.73m2) 114.20 (93.73–129.38) 93.17 (70.86–113.98) <0.001*
ACR (mg/g) 19.7 (12.4–67.7) 25.6 (11.7–86.6) 0.715

Lower limb arterial ischemia (%) 36.2% 51.2% 0.004*

Hypertension (%) 55.1% 60.5% 0.288
Alcohol consumption (%) 39.4% 41.9% 0.540

Smoking (%) 23.0% 21.4% 0.633

Notes: “*” of P is less than 0.05. Data are mean ± SD, %, or median (interquartile range). 
Abbreviations: BMI, body mass index; HbA1c, glycosylated hemoglobin; TSH, thyroid-stimulating hormone; TC, total choles
terol; TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Scr, serum creatinine; eGFR, estimated 
glomerular filtration rate; ACR, albumin-creatinine ratio.

Table 2 Comparison of Subjects Without vs with Lower Limb Arterial Ischemia

Non- Lower Limb Arterial  
Ischemia (n=269)

Lower Limb Arterial  
Ischemia (n=242)

P

ABI 1.19 ± 0.08 1.16 ± 0.10 <0.001*
TBI 0.86 ± 0.09 0.70 ± 0.12 <0.001*

TcPO2 56 ± 10 47 ± 13 <0.001*

Slop4 10.42 ± 5.32 8.08 ± 4.84 <0.001*
Sudomotor dysfunction 69.9% 80.9% 0.004*

Notes: “*” of P is less than 0.05. Data are mean ± SD or %. 
Abbreviations: ABI, ankle brachial index; TBI, toe brachial index; TcPO2, transcutaneous oxygen tension; Slop4, the slope 
of the chromatic aberration curve in the first 4 minutes.
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Compared with the normal TBI group, the low TBI group had a higher incidence rate of sudomotor dysfunction (80.6 
vs 71.8%, p = 0.025). Similarly, the low TcPO2 group also had a higher incidence rate of sudomotor dysfunction 
compared with the control group (84.3 vs 71.8%, p = 0.016) (Table 3).

Quantitative sudomotor function:
The low ABI, low TBI, and low TcPO2 groups had lower Slop4 compared with the normal ABI, TBI, and TcPO2 

groups (all p < 0.05) (Table 3).

Binary Logistic Regression Analysis of Sudomotor Function as a Categorical Variable
Using the sudomotor dysfunction as the dependent variable, the univariate logistic regression analysis (model crude) 
demonstrated that patients with lower limb arterial ischemia possessed an increased risk of sudomotor dysfunction [OR = 
1.836, 95% CI: 1.214, 2.776, p = 0.004] (Table 4). In addition, for different types of arterial ischemia, low TBI and low 
TcPO2 also increased the risk of sudomotor dysfunction [OR=1.636, 95% CI: 1.069, 2.524, p = 0.026; OR=2.105 95% 
CI: 1.142, 3.880, p = 0.017]. According to the multivariate logistic regression analysis, after gender, age, BMI, duration 
of diabetes, diastolic pressures, HbA1c, eGFR, TG, ACR, hypertension, alcohol consumption, and smoking were 
adjusted, the lower limb arterial ischemia was an independent risk factor for sudomotor disorders (model 1 and 
model 2) (all p < 0.05). Similarly, a low TcPO2 also independently increased the risk of sudomotor disorders (model 
1 and model 2) (p < 0.05).

Multiple Regression Analysis of Sudomotor Function as a Continuous Variable
Using the quantitative index Slop4 of sudomotor function as the dependent variable, we separately analyzed the linear 
correlations between the three indicators of arterial ischemia and the Slop4 (Table 5). After adjusting for the gender, age, 
BMI, duration of diabetes, diastolic pressures, HbA1c, eGFR and TG, the Slop4 was positively associated with the TBI 

Table 3 Sudomotor Function Data in the Different Types of Arterial Ischemia

ABI p TBI p TcPO2 p

Normal ABI Low ABI Normal TBI Low TBI Normal TcPO2 Low TcPO2

N (%) 501 (98.5%) 7 (1.5%) 319 (80.0%) 191 (20.0%) 390 (81.8%) 89 (18.2%)

Slop4 7.76 ± 5.18 5.68 ± 2.58 0.010* 9.94 ± 5.20 7.95 ± 4.88 <0.001* 9.55 ± 5.32 8.13 ± 4.66 0.014*

Sudomotor dysfunction 74.7% 100% 0.201 71.8% 80.6% 0.025* 71.8% 84.3% 0.016*

Notes: “*” of P is less than 0.05. Data are mean ± SD or %. 
Abbreviations: ABI, ankle brachial index; TBI, toe brachial index; TcPO2, transcutaneous oxygen tension; Slop4, the slope of the chromatic aberration curve in the first 4 minutes.

Table 4 Different Lower Limb Ischemia Indicators on Risk of Sudomotor Dysfunction

Variable Odds Ratio (95% CI) P-value

Model crude Lower limb arterial ischemia 1.836(1.214–2.776) 0.004*
Low TBI 1.636(1.069–2.524) 0.026*

Low TcPO2 2.105(1.142–3.880) 0.017*

Model 1 Lower limb arterial ischemia 1.773(1.094–2.871) 0.020*
Low TBI 1.408(0.846–2.345) 0.188

Low TcPO2 2.253(1.116–4.548) 0.023*

Model 2 Lower limb arterial ischemia 1.754(1.076–2.560) 0.024*
Low TBI 1.395(0.831–2.342) 0.208

Low TcPO2 2.231(1.100–4.524) 0.026*

Notes: “*” of P is less than 0.05. Model crude: unadjusted. Mode1 1: adjusted for gender, age, BMI, duration 
of diabetes, diastolic pressure, HbA1c, eGFR, TG, ACR. Mode1 2: adjusted for gender, age, BMI, duration of 
diabetes, diastolic pressure, HbA1c, eGFR, TG, ACR, hypertension, alcohol consumption, smoking. 
Abbreviations: TBI, toe brachial index; TcPO2, transcutaneous oxygen tension; CI, confidence intervals.
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(β = 0.091, p = 0.047) and TcPO2 (β = 0.107, p = 0.022). Each model has no collinearity problem (VIF < 5). However, 
the ABI did not show a relationship with the Slop4 (β = 0.059, p = 0.200).

Association of the Sudomotor Function with the Severity of the Different Arterial 
Ischemia
The population was stratified according to the tertile of the ABI, TBI, and TcPO2. The Slop4 was significantly decreased 
in subjects in the lower TBI and TcPO2 tertile (p < 0.05) (Figure 1B and C). There was no significant difference of the 
Slop4 among the tertile of the ABI (Figure 1A).

Discussion
This cross-sectional study comprehensively evaluated arterial ischemia by combining the ABI, TBI, and TcPO2, and 
revealed that arterial ischemia was an independent risk factor for sudomotor dysfunction. Of note, this ischemia covered 
lesions from large arteries to microvessels. To the best of our knowledge, this is the first comprehensive study to confirm 
the relationship between lower limb arterial ischemia and sudomotor function, more importantly, BTA small arteries and 
microvascular ischemia may also be involved in the impairment of sudomotor function.

DPN1 is characterized by extensive clinical manifestations and long-term asymptomatic, which hinders the timely 
diagnosis of the disease. Intraepidermal nerve fiber density assessed by skin biopsy demonstrated that small nerve fibers 
innervating sweat glands were first damaged in DPN.20 Meanwhile, sudomotor dysfunction caused by damaged sweat 
gland fibers significantly increased the risk of DFU. In this study, the proportion of patients with sudomotor dysfunction 
assessed by Neuropad was relatively high (75%). Therefore, it is of great clinical significance to analyze the related risk 
factors of sudomotor dysfunction for its prevention and in turn decreases the incidence of DFU.

Table 5 Association of Different Types of 
Arterial Ischemia with Slop4 by Multivariate 
Linear Regression

Clinical Factors β p

ABI 0.059 0.200

TBI 0.091 0.047*
TcPO2 0.107 0.022*

Notes: “*” of P is less than 0.05. The three indicators 
separately adjusted gender, age, BMI, duration of diabetes, 
diastolic pressure, HbA1c, eGFR and TG. 
Abbreviations: ABI, ankle brachial index; TBI, toe bra
chial index; TcPO2, transcutaneous oxygen tension.

Figure 1 Sudomotor function by the tertile of the ABI, TBI, and TcPO2. (A) Slop4 was not decreased in subjects in the lower ABI tertiles. (B) Slop4 was decreased in 
subjects in the lower TBI tertile. (C) Slop4 was decreased in subjects in the lower TcPO2 tertile.
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Previous studies have shown that PAD diagnosed by ABI was related to sudomotor dysfunction, and more patients 
with sudomotor dysfunction were found in PAD group compared with non-PAD group.8,9 However, in this research, the 
low ABI group was not associated with sudomotor dysfunction. The main reason may be related to the too small sample 
size of the low ABI group, only 7 people. Another potential reason is that ABI is affected by arterial calcification.21 

Although an ABI > 1.3 is considered as arterial calcification in the guidelines, it does not mean that there is no 
calcification in an ABI from 0.9 to 1.3. Joachim et al22 stated that when the ABI < 1.3, 170 patients with type 1 diabetics 
had a very high proportion of calcification (49%). Moreover, patients with diabetic neuropathy are more prone to arterial 
calcification, called Mönckeberg’s sclerosis.23

In addition to ABI, TBI and TcPO2 are also commonly used POCDs for lower limb arterial ischemia. TBI is not 
affected by arterial calcification and can reflect BTA small vessels ischemia less than 3mm,24 which recognizes lower 
limb ischemia earlier than ABI. The cutoff value of TBI varies from 0.60 to 0.75. TBI<0.75 was selected here, because 
Dean’s study25 showed that TBI<0.75 had better diagnostic efficacy for DPN patients. TcPO2 reflects microvascular 
ischemia, and it can also reflect the perfusion of large and small vessels.14,26 However, it should be noted that TcPO2 
decreases with the perfusion of large and small vessels only when the reductions in arterial perfusion are being so severe 
that they reduce tissue oxygen supply. This is due to in the case of mild perfusion reduction, the skin microvessels have 
the compensatory mechanism of post-ischemia hyperemia27 and a curvilinear relationship exists between TcPO2 values 
and local perfusion pressures,28 which is sufficient to maintain normal tissue oxygenation. There was no serious large and 
small arteries ischemia in the present research (ABI ≤ 0.4 or TBI ≤ 0.25), hence TcPO2 mainly reflected the blood supply 
of microvascular herein.

The combination of these three indicators was adopted in this study, which is helpful for early identification and 
comprehensive management of lower limb arterial ischemia. After excluding the relevant confounding factors, compre
hensive arterial ischemia independently increased the risk of sudomotor disorders. In addition, lower Slop4 and higher 
incidence of sudomotor dysfunction observed in the low TBI and low TcPO2 groups. Binary logistic regression analysis 
demonstrated that low TcPO2 was the risk factor of sweating disorders. In the multiple linear regression, Slop4 was 
positively correlated with TBI and TcPO2. Above results signified that BTA small arteries and microvascular ischemia 
were also involved in the occurrence of sweating disorders. Therefore, any type of ischemia should not be ignored 
clinically, even BTA arteriolar and microvascular ischemia, because they could increase the risk of DFU by affecting the 
sweating function.

It was also found in this study that some patients with sudomotor dysfunction had normal lower limb arterial ischemia 
indicators (the proportion of sudomotor dysfunction and arterial ischemia was 75% and 47%, respectively), which 
reminds us that there are other factors involved in the damage of sweat gland fibers. Jeong-Beom et al29 concluded that 
poor sudomotor function was found in women and older patients. Z.-Q. Feng et al30 confirmed that time in range (TIR), 
an indicator of blood glucose control, was an independent risk factor for sudomotor dysfunction. A cross-sectional 
study31 proved that age, diabetes duration, foot deformities, and HbA1c level were associated with sudomotor function in 
patients with T2DM. Consistent with these studies, the sudomotor dysfunction group was older and had longer diabetes 
duration than the normal group in the present study, but there was no significant difference in HbA1c between the two 
groups. The potential reason is that the blood glucose level has been interfered by hypoglycemic drugs. Furthermore, 
patients with sudomotor dysfunction had poor renal function in this study, which may be due to the chronic accumulation 
of organic waste induced by the decline of glomerular filtration rate, triggering oxidative stress and over-generation of 
free radicals, thereby leading to autonomic nerve damage.32

The main strength of this study is that arterial ischemia was evaluated by ABI, TBI and TcPO2, which can more 
comprehensively elucidate the relationship between arterial ischemia and sudomotor dysfunction. Moreover, easily 
available POCDs were used to evaluate sudomotor function and lower limb arterial ischemia, which facilitated rapid 
clinical screening. Finally, the qualitative and quantitative evaluation of the sudomotor function enhanced objectivity in 
assessment, which was superior to the qualitative evaluation method. In fact, most previous studies only used the 
traditional visual Neuropad method.

There are some limitations in the present research. First, this was a cross-sectional study, the cause-and-effect 
between lower limb arterial ischemia and sudomotor function cannot be demonstrated. Second, skin nerve biopsy was 
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not applied in this study to diagnose small fiber neuropathy, which is the gold standard for diagnosing small fiber 
neuropathy. Thirdly, ultrasound was not used as a means to evaluate the arterial ischemia to compare the diagnostic 
efficacy with non-invasive point-of-care indicators. Finally, the patients involved were all from a single center, bias of 
choice and information could not be avoided.

Conclusions
To sum up, this research preliminarily confirmed that lower limb arterial ischemia reflected by composite indicators is an 
independent risk factor for sudomotor dysfunction, even for BTA small arteries and microvascular ischemia. The present 
findings provide new insights and a theoretical basis for the intervention of lower limb arterial ischemia. In addition to 
patients with low ABI, patients with abnormal TBI or TcPO2 should also receive timely early intervention, such as 
providing foot nursing care, to reduce the incidence of sudomotor disorders and prevent the occurrence of DFU.

Data Sharing Statement
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable 
request.
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