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ABSTRACT
The aim of the study was to evaluate the performance of sudoscan in screening diabetic
microvascular complications in patients with type 2 diabete mellitus (T2DM). 515
patients with T2DM aged from 23 to 89 years were included for analysis in our study.
The mean age was 60.00 ± 11.37 years and the mean duration of T2DM was 8.44 ±
7.56 years. Electrochemical skin conductance (ESC) in hands and feet was evaluated
by SUDOCAN. Diabetic peripheral neuropathy (DPN) was diagnosed in 378 patients
(44.3%), diabetic kidney disease (DKD) in 161 patients (31.26%), diabetic retinopathy
(DR) in 148 patients (28.74%). Hands and feet ESCwas significantly and independently
associated with the presence of DPN, DKD and DR. Patients with a lower ESC (<60
µS) had 5.63-fold increased likelihood of having DPN, 4.90-fold increased likelihood of
havingDKD, 1.01-fold increased likelihood of havingDR, than those with a higher ESC.
Age, duration of T2DM, smoking, renal function and vibration perception thresholds
were negatively correlatedwith ESC. Sudoscan parameters were correlatedwith diabetic
microvascular complications, especially with DPN. Sudoscan could be an effective
screening tool in primary health care for early screening microvascular complications.

Subjects Diabetes and Endocrinology, Drugs and Devices
Keywords Sudoscan, Diabetic microvascular complications, Diabetic peripheral neuropathy,
Diabetic kidney disease, Diabetic retinopathy

INTRODUCTION
Diabetic microvascular complications mainly including diabetic peripheral neuropathy
(DPN), diabetic kidney disease (DKD) and diabetic retinopathy (DR) are the major cause
of disability and death. Early identification and diagnosis of diabetic complications has a
great clinical value in reducing or delaying the occurrence and development of diabetic
chronic complications (Zimmet, Alberti & Shaw, 2001).

There are many screening methods for diabetic microvascular complications. For
example, 10g Monofilament & Tuning Fork (128 Hz), electromyogram, vibration
perception thresholds test (VPT), Michigan neuropathy screening instrument (MNSI)
can be used to screen DPN. Estimated glomerular filtration rate (EGFR) and urinary
albumin/creatinine ratio (UACR) are the main methods of screening DKD. However,
all these screening methods have their own shortcomings. In addition, the efficiency of
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different examinations in the diagnosis of diabetic complications is quite different. It
is of great significance to find a simple screening method which can be popularized in
grass-roots communities and can predict the risk of multiple complications early.

Although the pathogenesis of diabetic microvascular complications is complex, different
complications have a common pathological basis (Vinik et al., 2003; Sytze Van Dam et al.,
2013). A neurovascular concept of diabetic complications has been postulated (Sytze Van
Dam et al., 2013). In recent years, as a new detection method of diabetic complications,
sudoscan has been initially applied in clinical practice (Handelsman et al., 2015). As we
know, sweat glands are innervated by small unmyelinated sympathetic C-fibers, and these
small C-fibers can be affected early in the neuropathic process (it even occurs during the
prediabetic stage) (Müller et al., 2013). Sudoscan is a device to test the ability of palmar and
plantar sweat glands releasing chloride ions under the electrochemical activation by using
electrochemical principle, and then to measure the sweat function. According to the status
of sweat secretion function at the extremities, sudoscan output the results of electrochemical
skin conductance (ESC), to determine whether there are diabetic complications (Vinik,
Nevoret & Casellini, 2015). At present there is a lack of comparative study on the diagnostic
value of sudoscan for different diabetic complications in type 2 diabete mellitus (T2DM).

The aim of this study was to analyze the relationship between the Sudoscan parameters
and the diabetic microvascular complications in T2DM, and to evaluate the clinical value
of sudoscan in diagnosis of microvascular complications in T2DM in China.

MATERIALS & METHODS
Subjects
All patients included in the study were recruited between November 2020 to July 2021
from the department of Endocrinology, the First Affiliated Hospital of Shantou University
Medical College. A total of 515 patients (male 274 and female 241) with T2DM aged from
23 to 89 years were finally included. The exclusion criteria were as follows: other types
of diabetes, pregnancy, mental and neurological disorders, with acute complications of
diabetes mellitus, inflammation, cancer, severe liver or kidney dysfunction. The study
was fully approved by the ethics committee of the First Affiliated Hospital of Shantou
University Medical College (Approval Document Number: B-2020-194). All patients gave
written informed consent to participate in the study. All procedures conformed to the
tenets of the Declaration of Helsinki.

SUDOSCAN+ device
The evaluation of sudomotor function was measured with the Sudoscan medical device
(ImpetoMedical, France), consisting of a set of two electrodes for feet and hands connected
to a computer. The patients placed their palms and soles on electrodes for about 3 min.
Quantitative results were expressed as electrochemical skin conductance (HESC and FESC,
µS), asymmetry ratio value (HASYM and FASYM, %) in hands and feet. In addition,
SUDOSCAN had built-in algorithms which integrate electrochemical skin conductance
with age to produce a score that estimates current risks of DKD (sudoscan modification
of diabetic renal disease, SUDOSCAN-MDRD) (Ozaki et al., 2011). In the present study
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the patients were divided into ESC normal group and ESC abnormal group according
to ESC results. Patients with HESC and FESC ≥ 60 µS were included in the ESC normal
group, while patients with HESC or FESC <60 µS were included in the ESC abnormal
group (Vinik, Nevoret & Casellini, 2015).

Laboratory tests
Blood urea nitrogen (BUN), serum creatinine (Cr), uric acid (UA), fasting C-peptide(F-
CP), 2 h Postprandial C-peptide(2hP-CP), Glycosylated hemoglobin (HbA1c) and
serum lipids including total cholesterol (TC), triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were assessed by an
automatic biochemical analyzer (COULTER LX20; BECKMAN, USA).

Assessment of microvascular complications
The diagnostic criteria for DPN were based on the 2010 American Diabetes Association
(ADA) DPN clinical diagnostic criteria (Tesfaye et al., 2010). Physical examinations of DPN
included temperature sensation, 10 g Monofilament, Tuning Fork (128 Hz), vibration
perception thresholds test, ankle reflex and acupuncture pain test. Symptoms were assessed
on the basis of information collected during medical history. DKD was defined as the
presence of UACR >30 µg/mg or eGFR of less than 60 ml/min/1.73 m2 (or both) (National
Kidney Foundation, 2002). EGFR was calculated by Cockcroft-Gault formula (Thompson-
Martin, McCullough & Agrawal, 2015). DR was examined by fundus photography (KOWA,
Japan). Carotid intima and extremity vessels were examined by Color Doppler (Siemens,
Germany).

Statistical analyses
Statistical analyses were computed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA) and
medcalc19.0 (MedCalc Software bvba, Ostend, Belgium). The measurement data were
presented as the mean ± standard deviation, and the numeration data were expressed as
ratio or constituent ratio. Differences for continuous variables and categorical variables
among groups were assessed by ANOVA test and χ2 test, respectively. Pearson correlation
method was used to determine correlation between ESC and clinical variables. Forward
conditional binary logistic regression analysis was used to find the independent risk factors
for DPN, DKD and DR. Taking DPN as the dependent variable, the logistic regression
model included the following variables: sex, age, duration, hypertension, smoking, HbA1c,
LDL, VPT, ESC normal or abnormal. Taking DKD as the dependent variable, the model
included: sex, age, duration, hypertension, smoking, HbA1c, LDL, eGFR, UACR, ESC
normal or abnormal. Taking DR as the dependent variable, the model included: sex, age,
duration, hypertension, smoking, HbA1c, LDL, eGFR, UACR, ESC normal or abnormal.
Receiver operating characteristics (ROC) curve analysis were used to calculate sensitivity
and specificity and to determine the diagnostic accuracy of the tests. The area under the
curve (AUC) were compared by Z -test.
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RESULTS
Basic clinical characteristics: more DPN, DKD and DR in ESC normal
group
The study participants consisted of 515 individuals of T2DM aged from 23 to 89 years.
All are Han Chinese. The mean age was 60.00 ± 11.37 years and the mean duration
of T2DM was 8.44 ± 7.56 years. DPN was diagnosed in 378 patients (44.3%), DKD
in 161 patients (31.26%) and DR in 148 patients (28.74%). The mean HESC and FESC
were 55.63 ± 18.44 µS and 61.76 ± 20.51 µS, respectively. According to the ESC value,
the patients were divided into ESC abnormal group and ESC normal group. Baseline
characteristics of both groups were presented in Table 1. There were significant differences
in age (59.78 ± 11.38 vs 57.64 ± 11.25, P = 0.040), presence of coronary heart disease
(4.59% vs 2.64%, P = 0.027), presence of DPN (88.99% vs 42.86%, P < 0.001), presence of
DKD (39.76% vs 16.40%, P < 0.001) and presence of DR (30.58% vs 25.53%, P = 0.012)
between both groups.

Correlation analyses: ESC was independent related factor of
microvascular complications
Correlation analyses among parameters with HESC and FESC were shown in Table 2. Both
HESC and FESC were significantly and negatively correlated with age, T2DM duration,
UACR, Cr and VPT. EGFR were positively associated with HESC and FESC. Furthermore,
there was a significant correlation between FESC and sex. FESC in male individuals was
significantly lower than that in female (59.53 ± 21.66 vs 64.28 ± 18.89, P = 0.008).

To further clarify the independent related factors of microvascular complications, A
binary logistic regression analysis (forward conditional) was used to determine factors
associated with diabetic microvascular complications, (Table 3). The results showed
that the significant factors for DPN included ESC (P < 0.001, OR = 5.631) and VPT
(P < 0.001, OR = 1.329); the significant factors for DKD included ESC (P < 0.001,
OR = 4.895), UACR (P < 0.001, OR = 1.025) and eGFR (P = 0.037, OR = 0.987); the
significant factors for DR included eGFR (P < 0.001, OR = 0.984), duration (P = 0.016,
OR = 1.037) and ESC (P = 0.035, OR = 1.014). After confirming the correlation between
ESC and complications, the diagnostic value of sudoscan parameters for the diagnosis of
microvascular complications were further explored by ROC curve analysis (Table 4 and
Fig. 1).

DISCUSSION
In this large sample of Chinese inpatients with type 2 diabetes, we analyzed the
discriminative value for microvascular complications of sudoscan parameters. We found
that (i) hands and feet ESC was significantly and independently associated with the
prevalence of DPN, DKD and DR. (ii) Patients with a lower ESC (<60 µS) had 5.63-fold
increased likelihood of having DPN, 4.90-fold increased likelihood of having DKD, 1.01-
fold increased likelihood of having DR, than those with a higher ESC. (iii) Age, duration
of T2DM, smoking, renal function and VPT were negatively correlated with ESC; Blood
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Table 1 Subject demographics and clinical characteristics.

Characteristics ESC normal (n= 188) ESC abnormal (n= 327) P-value

Age (years) 57.64± 11.25 59.78± 11.38 0.040
Male 92 182
Female 96 145

0.144

Duration of DM (years) 7.73± 6.78 8.85± 7.95 0.104
BMI (kg/ m2) 23.47± 3.59 22.99± 3.46 0.136
SBP (mmHg) 137.71± 18.48 138.07± 21.41 0.846
DBP (mmHg) 85.74± 11.03 85.06± 12.76 0.543
F-CP 0.38± 0.24 0.40± 0.37 0.406
2hP-CP 0.82± 0.65 0.80± 0.73 0.808
Smoking 17.46% 25.38% <0.001
Drinking 7.41% 7.03% 0.752
Coronary heart disease 2.64% 4.59% 0.027
Cerebral infarction 14.29% 13.15% 0.471
CIMT (mm) 0.96± 0.18 0.99± 0.19 0.078
VPT (V) 13.79± 6.64 17.23± 9.52 <0.001
HbA1c (%) 9.98± 2.38 10.08± 2.62 0.670
UACR 92.04± 355.53 368.80± 1264.38 <0.001
Cr (µmol/l) 87.00± 49.66 97.45± 58.02 0.046
eGFR (ml/min/1.73 m2) 78.33± 29.41 70.12± 31.02 0.004
UA (µmol/l) 346.38± 102.91 356.52± 113.35 0.319
TC (mmol/l) 5.26± 1.58 5.23± 1.63 0.799
TG (mmol/l) 2.23± 2.11 2.08± 2.09 0.456
HDL (mmol/l) 1.19± 0.44 1.12± 0.39 0.086
LDL (mmol/l) 3.29± 0.96 3.28± 1.02 0.931
DPN 42.86% 88.99% <0.001
DKD 16.40% 39.76% <0.001
DR 25.53% 30.58% 0.012

Notes.
SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; Cr, serum creatinine; UA,
uric acid; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein
cholesterol; CIMT, carotid intima-media thickness.

pressure, HbA1c and β cell function were not correlated with sudoscan parameters. (iv)
The cut-off point of ESC in the diagnosis of microvascular complications was about 60 µS.
The AUC of HESC/FESC to identify DPN, DKD and DR were all above 62%.

Traditional DPN screening tools, such as 10 g Monofilament & Tuning Fork, are
subjective and non quantitative measurement. Neuroelectromyography is an invasive
procedure and reflects the injury of large myelinated fibers. However, the unmyelinated,
thin type C fibers of the sympathetic nervous system are usually neglected because of the
limited evaluation methods. Sudoscan can remedy the above shortcomings (Ziemssen &
Siepmann, 2019). Previous clinical studies have indicated the value of sudoscan in DPN.
ESC was significantly negative associated with Neuropathy Disability Score, Neurological
Symptom Score, MNSI and VPT in diabetes; the sensitivity and specificity of ESC in
diagnosis of DPN is between 73–87.5 and 55–76.5% respectively, the cutoff value was
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Table 2 Correlation analysis between HESC/FESC and clinical variables.

Variables HESC FESC

r P-value r P-value

Age −0.156 <0.001 −0.104 0.019
Sex 0.078 0.077 0.116 0.009
Duration of DM −0.098 0.026 −0.112 0.011
SBP −0.013 0.762 −0.046 0.300
DBP 0.012 0.792 0.012 0.788
Smoking −0.134 0.002 −0.095 0.031
HbA1c(%) −0.056 0.210 −0.002 0.956
F-CP 0.029 0.516 −0.054 0.226
UACR −0.164 <0.001 −0.120 0.009
Cr −0.165 <0.001 −0.156 <0.001
eGFR 0.208 <0.001 0.157 <0.001
CIMT −0.082 0.086 −0.082 0.088
VPT −0.245 <0.001 −0.366 <0.001

Table 3 Risk factors for microvascular complications in binary logistic regression (forward condi-
tional).

B S.E. Wald P value OR 95%CI for OR

Lower Upper

ESC 1.728 0.330 27.392 <0.001 5.631 2.948 10.757
DPN

VPT 0.285 0.045 39.526 <0.001 1.329 1.216 1.453
ESC 1.588 0.371 18.370 <0.001 4.895 2.368 10.121
UACR 0.025 0.003 55.615 <0.001 1.025 1.019 1.032DKD
eGFR −0.012 0.006 4.332 0.036 0.987 0.976 0.999
eGFR −0.016 0.004 14.196 <0.001 0.984 0.976 0.992
Duration 0.036 0.015 5.817 0.016 1.037 1.007 1.068DR
ESC −0.013 0.006 5.202 0.035 1.014 1.003 1.026

52–61 µS, from different studies (Casellini et al., 2013; Yajnik et al., 2012; Eranki et al.,
2013; Selvarajah et al., 2015; Mao et al., 2017). In our study, The AUC of FESC to evaluate
DPN were 0.71, the cut-off value was 61 µS, the sensitivity and specificity was 79.0%
and 75%, respectively; ESC was negatively correlated with VPT; ESC were independently
associated with DPN. The results were basically consistent with the above studies. The
results suggested that sudoscan can be used as a clinical screening device for diabetic
neuropathy. The previous studies and our study all indicated that the sensitivity of ESC
for diagnosing DPN is higher than the specificity. An interpretation is that the small
unmyelinated sympathetic C-fibers is affected earlier than the large myelinated nerve fiber
in the course of diabetes (Müller et al., 2013).

DPN and DKD have similar pathological progress and parallel in occurrence and
development (Tahrani et al., 2014). Therefore, sudoscan may also reflects the risk of
DKD. Freedman et al. (2014) found a significant correlation between ESC and eGFR in
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Table 4 Comparison of diagnostic value among different parameter for microvascular complications.

Parameter AUC P-value cut-off point Sensitivity (%) Specificity (%) Youden index

HESC 0.71 <0.001 73 µS 61 71 0.32
FESC 0.71 <0.001 61 µS 79 65 0.44DPN

VPT 0.81 <0.001 11 V 87 71 0.58
HESC 0.64 <0.001 59 µS 57 67 0.24
FESC 0.65 <0.001 59 µS 73 50 0.24
SUDOSCAN-MDRD 0.65 <0.001 58 54 71 0.25
UACR 0.90 <0.001 30 mg/g 88 92 0.80

DKD

eGFR 0.71 <0.001 60 ml/min/1.73 m2 79 54 0.33
HESC 0.64 <0.001 61 µS 57 73 0.30
FESC 0.62 <0.001 70 µS 54 69 0.23DR

eGFR 0.59 <0.001 78 ml/min/1.73 m2 44 72 0.15

Figure 1 ROC curves of different parameter in screening microvascular complications. (A) ROC
curves of FESC, HESC and VPT to diagnose DPN; (B) ROC curves of SUDOSCAN-MDRD, FESC, HESC,
UACR and eGFR to diagnose DKD; (C) ROC curves of FESC, HESC and eGFR to diagnose DR.

Full-size DOI: 10.7717/peerj.13089/fig-1

African American and European American patients with T2DM, suggesting that ESC
measured by sudoscan can be used to predict the risk of DKD in clinical practice. Luk et al.
(2015) and Xue, De-ming & Lin-tao (2016) found that the cut-off value of SUDOSCAN-
MDRD to evaluate DKD was 53 and 58, the sensitivity and specificity was 72–54% and
68–71%, respectively. In the present study, The AUC of SUDOSCAN-MDRD to evaluate
DKD were 0.65, the cut-off value was 58, the sensitivity and specificity was 54% and 71%,
respectively. Furthremore the diagnostic value of SUDOSCAN-MDRD and FESC were
slightly lower than eGFR (Z = 2.612, P = 0.009 and Z = 1.759, P = 0.078, respectively) and
far lower than UACR(Z = 11.86, P < 0.001 and Z = 11.09, P < 0.001, respectively). This
may be related to the characteristics of diabetic nephropathy in China. Microalbuminuria is
the main manifestation of early diabetic nephropathy in China (Wan, Xu & Dong, 2015). It
suggested that SUDOSCAN-MDRD and ESC can not replace eGFR and UACR in Chinese
patients with DKD.

To our knowledge, few study evaluated the clinical value of ESC in diagnosis of DR
in T2DM. The pathogenesis in DR is similar to other microvascular complications. The
downstream processes of persistent hyperglycemia, including the activation of protein
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kinase C, the activation of polyol pathway, and the formation of advanced glycation end
products, are considered as the causes of diabetic microvascular changes and direct nerve
injury (Vinik et al., 2003).Wang et al. (2017) explored the relationship between autonomic
nerve dysfunction-assessed by ESC and ocular abnormality in T2DM. The result showed
that hands and feet ESC were positively associated with lens (OR = 1.055, P < 0.001)
and vitreous (OR = 1.044, P < 0.01) abnormality. In the present study, eGFR and ESC
were independently associated with DR. The AUC of FESC to diagnose DR were 0.62; the
diagnostic value of FESC for DR did not differ significantly from that of eGFR (Z = 0.907,
P = 0.364).

The study dedicated that duration of T2DM, age and smoking were negatively correlated
with the sudoscan parameters. This is consistent with previous studies (Tesfaye et al., 1996).
The older the age, the longer the course of diabetes, and the worse the sweating function
of hands and feet, which indicating the more serious the damage of nerves innervating
sweat glands. This further supported that patients of DM may have different degrees of
nerve damage in the early stage (Tesfaye, Chaturvedi & Eaton, 2005; Pang et al., 2008). This
study also found that FESC in male was significantly lower than that in female. In previous
clinical studies, it was also found that the diagnosis of diabetic neuropathy in men was
earlier than that in women (Kamenov, Parapunova & Georgieva, 2010).

In the present study, the incidence rate of coronary heart disease in ESC abnormal group
was significantly higher than that in ESC normal group. However, no significant correlation
was found between ESC and diabetic macrovascular complications (CIMT, coronary heart
disease, cerebral infarction, etc.). This may be related to the study design (non prospective
study) and research focus (microvascular complications). One large prospective study had
found that ESC was associated with cardiovascular events and death in patients with type
2 diabetes (Lim et al., 2019). The adjusted risk ratio of cardiovascular disease (CVD) in
patients with low ESC was 3.11.

There are still several limitations in our study. First, this was a cross section study. Second,
only type 2 diabetes inpatients were included. Third, the mean duration of diabetes was 7-8
years in the sample with mean HbA1c 10%. Is it possible that sudoscan is only applicable
in these high risk diabetes patients? Further investigation is needed to explore sudoscan
diagnostic performance in newly-onset diabetes or pre-diabetes patients.

CONCLUSIONS
In conclusion, sudoscan was a noninvasive, rapid, simple and repeatable device. The results
of ESC were stable and reliable. It will not be affected by the subjectivity of the operator
and the environment. Based on this study, sudoscan had an effective diagnostic value for
microvascular complications, especially for DPN, although it can not replace the classic
diagnostic methods. In view of its convenience and advantages of providing multiple
complications risk, sudoscan is worthy of promotion and application in primary medical
institutions for early screening microvascular complications. In diabetes specialists in
China, it may be not recommended to replace the classic diagnostic gold index and test.

Lin et al. (2022), PeerJ, DOI 10.7717/peerj.13089 8/12

https://peerj.com
http://dx.doi.org/10.7717/peerj.13089


ACKNOWLEDGEMENTS
Acknowledgments were given to patient advisers, all staff and nurses who work at the
department of Endocrinology, The First Affiliated Hospital of Shantou University Medical
College, Shantou, China.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Kun Lin conceived and designed the experiments, prepared figures and/or tables,
authored or reviewed drafts of the paper, and approved the final draft.
• Yixi Wu performed the experiments, prepared figures and/or tables, and approved the
final draft.
• Shuo Liu analyzed the data, authored or reviewed drafts of the paper, and approved the
final draft.
• Jiaqi Huang and Guishan Chen performed the experiments, authored or reviewed drafts
of the paper, and approved the final draft.
• Qiong Zeng analyzed the data, authored or reviewed drafts of the paper, and approved
the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The First Affiliated Hospital of Shantou University Medical College granted Ethical
approval to carry out the study within its facilities.

Data Availability
The following information was supplied regarding data availability:

Raw data are uploaded as Supplementary File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.13089#supplemental-information.

REFERENCES
Casellini CM, Parson HK, RichardsonMS, Nevoret ML, Vinik AI. 2013. Su-

doscan, a noninvasive tool for detecting diabetic small fiber neuropathy and
autonomic dysfunction. Diabetes Technology & Therapeutics 15(11):948–953
DOI 10.1089/dia.2013.0129.

Lin et al. (2022), PeerJ, DOI 10.7717/peerj.13089 9/12

https://peerj.com
http://dx.doi.org/10.7717/peerj.13089#supplemental-information
http://dx.doi.org/10.7717/peerj.13089#supplemental-information
http://dx.doi.org/10.7717/peerj.13089#supplemental-information
http://dx.doi.org/10.1089/dia.2013.0129
http://dx.doi.org/10.7717/peerj.13089


Eranki VG, Santosh R, Rajitha K, Pillai A, Sowmya P, Dupin J. 2013. Sudomo-
tor function assessment as a screening tool for microvascular complications
in type 2 diabetes. Diabetes Research and Clinical Practice 101(3):e11–e13
DOI 10.1016/j.diabres.2013.07.003.

Freedman BI, Bowden DW, Smith SC, Xu J, Divers J. 2014. Relationships between
electrochemical skin conductance and kidney disease in type 2 diabetes. Journal of
Diabetes Complications 28:56–60 DOI 10.1016/j.jdiacomp.2013.09.006.

Handelsman Y, Bloomgarden ZT, Grunberger G, Umpierrez G, Zimmerman RS,
Bailey TS, Blonde L, Bray GA, Cohen AJ, Dagogo-Jack S, Davidson JA, Einhorn D,
Ganda OP, Garber AJ, GarveyWT, Henry RR, Hirsch IB, Horton ES, Hurley DL,
Jellinger PS, Jovanovič L, Lebovitz HE, LeRoith D, Levy P, McGill JB, Mechanick
JI, Mestman JH, Moghissi ES, Orzeck EA, Pessah-Pollack R, Rosenblit PD, Vinik
AI, Wyne K, Zangeneh F. 2015. American association of clinical endocrinologists
and american college of endocrinology—clinical practice guidelines for developing
a diabetes mellitus comprehensive care plan—2015. Endocrine Practice 21(Suppl
1):1–87.

Kamenov ZA, Parapunova RA, Georgieva RT. 2010. Earlier development of diabetic
neuropathy in men than in womenwith type 2 diabetes mellitus. Gender Medicine
7(6):600–615 DOI 10.1016/j.genm.2010.11.001.

Lim LL, Fu AWC, Lau ESH, Ozaki R. 2019. Sudomotor dysfunction independently
predicts incident cardiovascular-renal events and all-cause death in type 2 diabetes:
the Joint Asia Diabetes Evaluation register. Nephrology Dialysis Transplantation
34(8):1320–1328 DOI 10.1093/ndt/gfy154.

Luk AO, FuWC, Li X, Li X, Ozaki R, Chung HHY,Wong RYM, SoW-Y, Chow
FCC, Chan JCN. 2015. The clinical utility of SUDOSCAN in chronic kidney
disease in Chinese patients with type 2 diabetes. PLOS ONE 10(8):e0134981
DOI 10.1371/journal.pone.0134981.

Mao F, Liu S, Qiao X, Zheng H, Xiong Q,Wen J. 2017. Sudoscan is an effective screening
method for asymptomatic diabetic neuropathy in Chinese type 2 diabetes mellitus
patients. Journal of Diabetes Investigation 8(3):363–368 DOI 10.1111/jdi.12575.

Müller G, Parfentyeva E, Olschewsky J, Bornstein SR, Schwarz PEH. 2013. Assessment
of small fiber neuropathy to predict future risk of type 2 diabetes. Primary Care
Diabetes 7(4):269–273 DOI 10.1016/j.pcd.2013.08.001.

National Kidney Foundation. 2002. D/DOQI clinical practice guidelines for chronic
kidney disease: evaluation, classification and stratificaion. American Journal of Kidney
Diseases 39:S1–S266.

Ozaki R, Cheung KKT,Wu E, Kong A, Yang X, Lau E, Brunswick P, Calvet J-H,
Deslypere J-P, Chan JCN. 2011. A new tool to detect kidney disease in Chinese
type 2 diabetes patients: comparison of EZSCAN with standard screening methods.
Diabetes Technology & Therapeutics 13(9):937–943 DOI 10.1089/dia.2011.0023.

Pang C, Bao YQ,Wang C, Lu J, JiaW, Xiang K. 2008. Relationship between the level of
fasting plasma glucose and beta cell functions in Chinese with or without diabetes.

Lin et al. (2022), PeerJ, DOI 10.7717/peerj.13089 10/12

https://peerj.com
http://dx.doi.org/10.1016/j.diabres.2013.07.003
http://dx.doi.org/10.1016/j.jdiacomp.2013.09.006
http://dx.doi.org/10.1016/j.genm.2010.11.001
http://dx.doi.org/10.1093/ndt/gfy154
http://dx.doi.org/10.1371/journal.pone.0134981
http://dx.doi.org/10.1111/jdi.12575
http://dx.doi.org/10.1016/j.pcd.2013.08.001
http://dx.doi.org/10.1089/dia.2011.0023
http://dx.doi.org/10.7717/peerj.13089


Chinese Medical Journal 121(21):2119–2123
DOI 10.1097/00029330-200811010-00002.

Selvarajah D, Cash T, Davies J, Sankar A, Rao G, Grieg M. 2015. SUDOSCAN: A simple,
rapid, and objective method with potential for screening for diabetic peripheral
neuropathy. PLOS ONE 10:e0138224 DOI 10.1371/journal.pone.0138224.

Sytze Van Dam P, Cotter MA, Bravenboer B, Cameron NE. 2013. Pathogenesis of
diabetic neuropathy. Focus on neurovascular mechanism. European Journal of
Pharmacology 719:180–186 DOI 10.1016/j.ejphar.2013.07.017.

Tahrani AA, Dubb K, Raymond NT, Begum S, Altaf QA, Sadiqi H, Piya MK,
Stevens MJ. 2014. Cardiac automic neuropathy predicts renal function decline
in patients with type 2 diabetes: a cohort study. Diabetologia 57(6):1249–1256
DOI 10.1007/s00125-014-3211-2.

Tesfaye S, Boulton AJM, Dyck PJ, Freeman R, Horowitz M, Kempler P, Lauria G, Malik
RA, Spallone V, Vinik A, Bernardi L, Valensi P, Toronto Diabetic Neuropathy
Expert Group. 2010. Diabetic neuropathies: update on definitions, diagnostic
criteria, estimation of severity, and treatments. Diabetes Care 33(10):2285–2293
DOI 10.2337/dc10-1303.

Tesfaye S, Chaturvedi N, Eaton SE. 2005. Vascular risk factors and diabetic neuropathy.
Journal of Vascular Surgery 41(6):1079 DOI 10.1016/j.jvs.2005.03.051.

Tesfaye S, Stevens LK, Stephenson JM, Fuller JH, Plater M, Ionescu-Tirgoviste C,
Nuber A, Pozza G,Ward JD. 1996. Prevalence of diabetic peripheral neuropathy and
its relation to glycaemic control and potential risk factors: the EURODIAB IDDM
complications study. Diabetologia 39(11):1377–1384 DOI 10.1007/s001250050586.

Thompson-Martin Y, McCullough PA, Agrawal V. 2015. Impact of an educational
program for advanced practice nurses on knowledge of kidney disease outcomes
quality initiative guidelines. Nephrology Nursing Journal 42(5):455–460, 496.

Vinik A, Maser RE, Mitchell BD, Freeman R. 2003. Diabetic autonomic neuropathy.
Diabetes Care 26:1553–1579 DOI 10.2337/diacare.26.5.1553.

Vinik AI, Nevoret M-L, Casellini C. 2015. The new age of sudomotor function testing:
a sensitive and specific biomarker for diagnosis, estimation of severity, monitoring
progression, and regression in response to intervention. Frontiers in Endocrinology
6:94 DOI 10.3389/fendo.2015.00094.

WanQ, Xu Y, Dong E. 2015. Diabetic nephropathy research in China: data analysis and
review from the National Natural Science Foundation of China. Journal of Diabetes
7(3):307–314 DOI 10.1111/1753-0407.12265.

Wang D, Shen B,Wu C, Xue Y, Liu Y. 2017. The relationship between cardiovascular
autonomic dysfunction and ocular abnormality in Chinese T2DM. Journal of
Diabetes Research 2017:7125760 DOI 10.1155/2017/7125760.

Xue H, De-ming Z, Lin-tao S. 2016. SUDOSCAN techonlogy to screen kidney disease in
patients with type 2 diabetes. Journal of Hebei Medical University 05:510–515.

Yajnik CS, Kantikar VV, Pande AJ, Deslypere JP. 2012. Quick and simple evaluation
of udomotor function for screening of diabetic neuropathy. ISRN Endocrinology
2012:103714 DOI 10.5402/2012/103714.

Lin et al. (2022), PeerJ, DOI 10.7717/peerj.13089 11/12

https://peerj.com
http://dx.doi.org/10.1097/00029330-200811010-00002
http://dx.doi.org/10.1371/journal.pone.0138224
http://dx.doi.org/10.1016/j.ejphar.2013.07.017
http://dx.doi.org/10.1007/s00125-014-3211-2
http://dx.doi.org/10.2337/dc10-1303
http://dx.doi.org/10.1016/j.jvs.2005.03.051
http://dx.doi.org/10.1007/s001250050586
http://dx.doi.org/10.2337/diacare.26.5.1553
http://dx.doi.org/10.3389/fendo.2015.00094
http://dx.doi.org/10.1111/1753-0407.12265
http://dx.doi.org/10.1155/2017/7125760
http://dx.doi.org/10.5402/2012/103714
http://dx.doi.org/10.7717/peerj.13089


Ziemssen T, Siepmann T. 2019. The investigation of the cardiovascular and su-
domotor autonomic nervous system—a review. Frontiers in Neurology 10:53
DOI 10.3389/fneur.2019.00053.

Zimmet P, Alberti K, Shaw J. 2001. Global and societal implications of the diabetes
epidemic. Nature 414(6865):782–787 DOI 10.1038/414782a.

Lin et al. (2022), PeerJ, DOI 10.7717/peerj.13089 12/12

https://peerj.com
http://dx.doi.org/10.3389/fneur.2019.00053
http://dx.doi.org/10.1038/414782a
http://dx.doi.org/10.7717/peerj.13089

