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Abstract: Cardiac autonomic neuropathy (CAN) is a severe complication of diabetes mellitus (DM) 

strongly linked to a nearly five-fold higher risk of cardiovascular mortality. Patients with Type 2 

Diabetes Mellitus (T2DM) are a significant cohort in which these assessments have particular 

relevance to the increased cardiovascular risk inherent in the condition. This study aimed to explore 

the subtle correlation between the Ewing test, Sudoscan-cardiovascular autonomic neuropathy 

score, and cardiovascular risk calculated using SCORE 2 Diabetes in individuals with T2DM. The 

cohort consisted of 211 patients diagnosed with T2DM with overweight or obesity without 

established ASCVD, aged between 40 to 69 years. The prevalence of CAN in our group was 67.2%. 

In the study group, according SCORE2-Diabetes, four patients (1.9%) were classified with moderate 

cardiovascular risk, thirty-five (16.6%) with high risk, and one hundred seventy-two (81.5%) with 

very high cardiovascular risk. On multiple linear regression, the SCORE2-Diabetes algorithm 

remained significantly associated with Sudoscan CAN-score and Sudoscan Nephro-score and 

Ewing test score. Testing for the diagnosis of CAN in very high-risk patients should be performed 

because approximately 70% of them associate CAN. Increased cardiovascular risk is associated with 

sudomotor damage and that Sudoscan is an effective and non-invasive measure of identifying such 

risk.  

Keywords: T2DM; Sudoscan; CAN; CVDs; SCORE2-Diabetes 

 

1. Introduction 

Cardiac autonomic neuropathy (CAN) is a severe complication of diabetes mellitus (DM) 

strongly linked to a nearly five-fold higher risk of cardiovascular mortality [1]. Factors leading to 

diabetic complications, such as genetic predisposition, environmental signals, insulin resistance, 

immune dysfunction and inflammation, intracellular fuel excess, and comorbidities, have a similar 

impact on both microvascular and macrovascular complications [2]. Elucidation of the common 

mechanism of cell damage in DM put to rest any misconceptions that microvascular disease and 

macrovascular disease constitute distinct disease entities [3,4]. 

CAN represents a manageable complication of T2DM, posing an elevated risk of cardiovascular 

mortality [5]. Patients with CAN have a high degree of underdiagnosis. This may occur because of a 

lack of physician awareness of the disease, the often late onset mild or absent symptoms of the 

disease, and the lack of specific CAN diagnostic tests [6]. Various cross-sectional studies conducted 

in Europe and the United States have revealed a wide range of prevalence rates. For instance, studies 

have shown rates ranging from 16.7% in insulin-dependent diabetic patients participating in the 
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Diabetes Control and Complications Trial (DCCT) cohort to as high as 60% in a community-based 

sample of type 2 diabetic patients over the age of 65 in Rochester, Minnesota [7,8]. 

Among the many diagnostic tools available, Ewing and Sudoscan stand out as promising 

methods for evaluating autonomic neuropathy and its implications for cardiovascular health. 

Patients with Type 2 Diabetes Mellitus (T2DM) are a significant cohort in which these assessments 

have particular relevance to the increased cardiovascular risk inherent in the condition. Conditions 

like ischemic heart disease and stroke contribute significantly to the global burden of public health 

as they rank as the primary causes of mortality worldwide. Annually, cardiovascular diseases (CVDs) 

account for approximately 17.9 million deaths, making up 31% of all global fatalities [9]. Therefore, it 

is imperative that public health policies prioritize cardiovascular prevention, as well as the early 

identification and management of established cardiovascular risk factors (CVRF), such as 

dyslipidemia, T2DM, and hypertension [10]. Cardiovascular diseases represent the primary 

contributors to both morbidity and mortality among individuals diagnosed with T2DM [11]. 

In patients aged ≥40 years with T2DM without coronary artery atherosclerotic disease (ASCVD) 

or severe target organ damage (TOD), it is recommended to estimate the 10-year cardiovascular risk 

using the SCORE2-Diabetes algorithm. In the 2021 ESC Guidelines on cardiovascular disease 

prevention in clinical practice, the ADVANCE or DIAL models have been suggested for estimating 

cardiovascular disease risk in patients with diabetes [12–14]. These models have been developed 

based on a limited set of studies and have not been systematically recalibrated to contemporary rates 

of cardiovascular disease, meaning they are not ideal for use in contemporary European populations. 

To address these limitations, the current guidelines recommend using the SCORE2-Diabetes model, 

which extends the regionally recalibrated European SCORE2 10-year risk model to enable use in 

individuals aged 40 to 69 years with T2DM without ASCVD or severe TOD, and to estimate the 

individual 10-year risk of fatal and non-fatal cardiovascular events [15]. 

On the other hand, a useful tool in detecting chronic microvascular complications of type 2 

diabetes mellitus, which represent additional CVRF, is the measure of the electrochemical activity of 

the sweat glands in the hands and feets, using Sudoscan. Its results can provide valuable information 

for diagnosing and monitoring neuropathy and assessing cardiovascular risk in diabetic patients [8]. 

CAN, a prevalent and thoroughly studied type of diabetic autonomic neuropathy, is of 

particular concern due to its life-threatening implications, such as arrhythmias, silent myocardial 

ischemia, and sudden death [16]. The prevalence of CAN is expected to rise due to the diabetes 

epidemic and its early and widespread onset. CAN plays a definite prognostic role in cardiovascular 

mortality and morbidity. 

Managing T2DM demands a comprehensive strategy encompassing lifestyle adjustments and 

glycemic regulation, alongside mitigating cardiovascular risk factors through targeted interventions 

informed by cardiovascular risk assessments [17]. Additionally, employing glucose-lowering 

medications known for their cardiovascular benefits, such as SGLT2 inhibitors [18] and GLP-1 

receptor agonists [19], is essential. 

This study aimed to explore the subtle correlation between the Ewing test, Sudoscan- 

cardiovascular autonomic neuropathy score, and cardiovascular risk calculated using SCORE 2 

Diabetes in individuals with T2DM. By elucidating this correlation, we aim to shed light on new 

avenues for comprehensive cardiovascular risk assessment. 

2. Materials and Methods 

This study was cross-sectional, effectuated between June 2019 and June 2020. Ethical approval 

for the study was obtained from the local Ethics Committee of “Nicolae Malaxa” Clinical Hospital. 

Informed consent was obtained from all participating patients. 

Study Population 

The inclusion criteria encompass patients diagnosed with T2DM, and overweight/obese 

individuals aged 40 to 69 years. Conversely, exclusion criteria involve patients who have not signed 
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informed consent, those with other diabetes types (type 1 diabetes, latent autoimmune diabetes of 

adults, maturity-onset diabetes of the young), individuals aged below 40 years or above 69 years, 

pregnant women, patients diagnosed with neoplasms within the past five years, those with stroke 

sequelae, history of myocardial infarction, pelvic limb amputations, pre-existing chronic kidney 

disease predating diabetes diagnosis, and patients with neuropathy caused by alternative factors 

(alcoholism, vitamin B12 deficiency). 

Examination of patients: Data on anthropometric indices, including height, weight, body 

mass index (BMI), waist circumference, waist-to-hip ratio, blood pressure values in supine and 

orthostatic positions, heart rate in supine and orthostatic positions, and smoking status, were 

recorded. 

Measurement of biochemical parameters: The following samples were collected from 

venous plasma after 8 hours of fasting: serum glucose, glycated hemoglobin HbA1c, total cholesterol, 

high-density lipoproteins cholesterol (HDLc), LDL cholesterol, triglycerides, bilirubin, C-reactive 

protein, serum creatinine, potassium, magnesium, chloride, sodium, calcium, urea, glutamic 

oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), gamma-glutamyl transferase 

(GGT) and urinary albumin-to-creatinine ratio (ACR). 

Diagnosis of CAN 

The evaluation of cardiac autonomic neuropathy involved conducting an electrocardiogram and 

assessing the QTc interval in the morning prior to medication intake. CART (cardiovascular reflex 

tests) was also performed, encompassing assessments of heart rate variability during deep breathing, 

the Valsalva maneuver, and orthostatic changes. Furthermore, measurements of orthostatic systolic 

and diastolic blood pressure will be conducted during an isometric effort. The Heart rate variability 

index (HRVi) was also measured. The results of CART were categorized as usual if no abnormal 

findings were detected. They were considered to indicate mild dysfunction if one out of the five tests 

was abnormal, moderate dysfunction if two or three of the tests were abnormal, and severe 

dysfunction if more than three tests were abnormal. All these measurements were performed using 

the ESP-01-PA Ewing Tester neuropathic measuring and analyzing system with an ECG module. At 

the same time, the diagnosis of CAN was evaluated by performing a sweat test using Sudoscan 

assessment. During the test, the patient places their hands and feet on the electrodes. The test takes 3 

minutes to perform, is painless, and requires no subject preparation. Additionally, Sudoscan 

incorporates built-in algorithms that integrate electrochemical skin conductance with age to generate 

a score estimating the current risks of CAN (Sudoscan-CAN score) and chronic kidney disease 

(Sudoscan-Nephro score). 

We have also calculated the SCORE2-Diabetes for the patients included in the study. SCORE2-

Diabetes is a new algorithm developed, calibrated, and validated to predict 10-year risk of CVD in 

individuals with type 2 diabetes that enhances identification of individuals at higher risk of 

developing CVD across Europe [20]. Sex-specific competing risk-adjusted models were used, 

incorporating traditional risk factors, such as age, smoking, systolic blood pressure, total and HDL-

cholesterol alongside diabetes-related variables including age at diabetes onset, glycated hemoglobin 

(HbA1c), and estimated glomerular filtration rate (eGFR) based on creatinine. 

The statistical analysis of the population was conducted using IBM SPSS v.20. Continuous 

variables usually distributed were presented as mean ± SD (standard deviation), and non-normal 

variables were expressed as median (interquartile range [IQR]). In contrast, categorical variables were 

reported as absolute counts and percentages. Statistical significance was determined at a 95% 

confidence interval. Analysis of variance (ANOVA) was employed for comparisons among groups 

for quantitative variables, while the χ2 test was utilized for categorical variables—multiple linear 

regression was used to estimate the independent correlation of the SCORE2-Diabetes risk with results 

of Sudoscan parameters. 
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3. Results 

The cohort comprised 211 patients diagnosed with T2DM, without established ASCVD, 51.6% 

being male (n=109), with a mean age of 58.35±7.18 years and a mean weight of 90.36±17 kg. The 

prevalence of CAN in our group was 67.2% (n=142). 

In the study group, according SCORE2-Diabetes, four patients (1.9%) was classified with 

moderate cardiovascular risk, thirty-five (16.6%) with high risk, and one hundred seventy-two 

(81.5%) with very high cardiovascular risk. Patient’s baseline characteristics are presented in Table 1. 

Table 1. Anthropometric and biochemical parameters in relation to cardiovascular risk. 

Cardiovascular 

risk 

(5-10%) n=4 (10-20%) n=35 (>20%) n=172 Total  

Mean
Std. 

Deviation
Mean

Std. 

Deviation
Mean

Std. 

Deviation
Mean

Std. 

Deviation 
p-value

Age (years) 45.25 4.92 52.29 5.27 59.89 6.59 58.35 7.18 <0.001

Diabetes 

duration(years)* 
6.50 8 5 5 7.5 8 7 8 0.036

Height (cm) 170.00 8.98 167.14 11.00 166.47 8.71 166.64 9.10 0.701

Weight (kg) 95.00 20.70 88.86 17.42 90.55 16.91 90.36 17.00 0.745

WC (cm) 110.25 21.82 105.49 11.98 106.92 12.94 106.74 12.92 0.722

FPG (mg/dl) 200.50 43.93 162.11 61.97 206.06 91.39 198.67 87.85 0.025

HbA1c (%) 7.26 0.52 7.17 1.19 8.61 2.04 8.34 1.99 <0.001

TC (mg/dl) 212.25 44.63 184.89 50.93 200.75 57.15 198.34 56.09 0.277

HDL-c (mg/dl) 54.10 12.55 47.12 14.40 50.32 13.08 49.86 13.30 0.352

LDL-c (mg/dl) 94.63 9.31 101.85 45.22 109.13 50.53 107.73 49.32 0.668

TGL (mg/dl)* 292.5 612.5 173 169 179 132.5 178 138 0.103

eGFR 

(ml/min/1,73m²) 
98.43 17.87 92.74 30.69 74.61 24.27 78.07 26.27 <0.001

GGT (UI/L)* 52.50 62 34 73 38 50 37.5 52 0.05

ACR (mg/g)* 23.13 39.37 12 28.54 31.25 71.33 26.27 49.12 0.78

B12 vitamine* 889.5 91 427.5 158 350 269 382 364 0.057

Abbreviations: WC = waist circumference, FPG= fasting plasma glucose, HbA1c = glycated 

hemoglobin, TC= total cholesterol, HDL-c = high-density lipoprotein, LDLc = low-density 

lipoprotein, TGL = triglycerides, eGFR = estimated glomerular filtration rate, GGT= gamma-

glutamyl transferase, ACR= Albumin-to-creatinine ratio, *variables expressed as median, 

interquartile range [IQR], statistical significance, p<0.05 

Patiets with very high cardiovascular risk were older and with longer diabetes duration. 

However, there were no notable differences in height, weight, or waist circumference across risk 

categories. Elevated levels of FPG and HbA1c were observed in higher-risk groups. Lipid levels, 

including TC, HDL-c, TGL, and LDL-c, did not significantly vary among risk groups. Lower eGFR 

was decreased parallel with increased CVR categories. While GGT showed a marginal difference 

across risk groups, overall, factors such as age, diabetes duration, FPG, HbA1c, and eGFR were 

identified as key indicators of cardiovascular risk in diabetic patients (Table 1). 

Table 2. Ewing’s parameters in relation to cardiovascular risk. 

Cardiovascular 

risk 

(5-10%) n=4 (10-20%) n=35 (>20%) n=172 Total  

Mean
Std. 

Deviation
Mean 

Std. 

Deviation
Mean

Std. 

Deviation 
Mean

Std. 

Deviation 
p-value

SBP supine 

position (mmHg) 
122.75 21.22 127.29 17.54 134.83 18.13 133.35 18.27 0.041

DBP supine 

position (mmHg) 
88.00 21.86 74.57 9.41 77.10 11.19 76.89 11.24 0.065
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HR supine 

position (bpm) 
82.75 10.01 73.23 9.55 76.17 11.00 75.81 10.81 0.147

SBP standing 

(mmHg) 
125.50 10.79 123.69 12.96 129.14 19.91 128.17 18.86 0.286

DBP standing 

(mmHg) 
86.50 15.80 74.86 9.50 76.49 12.31 76.41 12.00 0.181

HR standing 

(bpm) 
84.25 9.22 76.34 10.81 80.00 11.94 79.47 11.77 0.176

SBP Handgrip 

(mmHg) 
137.75 18.12 143.40 16.04 145.72 16.48 145.18 16.41 0.494

DBP Handgrip 

(mmHg) 
89.00 15.87 85.20 14.04 81.10 10.74 81.93 11.53 0.073

HR Handgrip 

(bpm) 
90.75 10.28 80.69 9.85 85.05 10.89 84.44 10.82 0.046

HRVi index 26.00 6.78 19.41 7.01 16.59 7.41 17.25 7.48 0.653

Ewing score* 2 5 3 2 4 3 3 3 0.194

Abbreviations: SBP = systolic blood pressure, DBP = diastolic blood pressure, HR = heart rate, HRVi 

= heart rate variability index, *variables expressed as median, interquartile range [IQR], statistical 

significance, p<0.05 

There are significant variations in SBP while lying down among the three risk categories, with 

higher levels detected in higher-risk groups (p=0.041). There's no notable difference in DBP in the 

lying position (p= 0.065). There are no substantial differences in SBP and DBP while standing across 

the risk categories (p>0.05). During handgrip exercises, SBP doesn't significantly differ across risk 

groups (p=0.494), yet there's a marginal difference in DBP (p=0.073) and a significant difference in 

heart rate (p=0.046) (Table 2). 

Table 3. Sudoscan’s parameters in relation to cardiovascular risk. 

Cardiovascular risk 

(5-10%) n=4 (10-20%) n=35 (>20%) n=172 Total   

Mean 
Std. 

Deviation 
Mean 

Std. 

Deviation 
Mean 

Std. 

Deviation 
Mean 

Std. 

Deviation 

p-

value 

Sudoscan Nephro-

score 
90.00 24.59 72.34 9.29 66.06 15.39 67.56 15.19 0.001

Sudoscan CAN-

score* 
16.5 28 31 12 35 13 34.5 13 0.002

Sudoscan left feet 

score (uS) 
76.00 21.46 77.46 10.78 75.28 14.89 75.65 14.37 0.717

Sudoscan right feet 

score (uS) 
73.50 24.53 76.77 11.28 76.66 13.78 76.62 13.57 0.898

Sudoscan left hand 

score (uS) 
57.75 22.90 71.63 13.19 68.66 15.87 68.95 15.63 0.209

Sudoscan right hand 

score (uS) 
50.75 20.09 69.80 13.23 66.72 16.12 66.93 15.88 0.069

*variables expressed as median, interquartile range [IQR], Statistical significance, p<0.05 

The statistical analysis of Sudoscan's parameters in relation to cardiovascular risk reveals 

significant differences. Specifically, the Sudoscan CAN-score exhibits significant variance among risk 

groups (p=0.002), indicating a potential correlation between sudomotor dysfunction and cardiac 

autonomic neuropathy in individuals at higher risk of cardiovascular complications. Similarly, the 

Sudoscan Nephro-score displays a notable difference across risk categories, with lower scores 

observed in higher-risk groups (p=0.001), suggesting a potential link between sudomotor dysfunction 

and renal function in individuals with increased cardiovascular risk. However, scores for Sudoscan 
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parameters related to the feet and hands do not show significant differences across risk categories. 

These findings suggest that Sudoscan-derived measures may serve as valuable indicators of 

cardiovascular risk, particularly in assessing cardiac autonomic function and nephropathy in diabetic 

populations (Table 3). 

Table 4. The frequency of chronic diabetes complications based on cardiovascular risk. 

Cardiovascular risk 5-10% (n=4) % 10-20% (n=35)  % >20% (n=172) % 

CAN 2 50.00 20 57.10 120 69.80

DPN 2 50.00 19 54.29 102 59.30

CKD 1 25.00 9 25.71 85 49.42

DR 2 50.00 7 20.00 64 37.21

PAD 0 0.00 0 0.00 34 19.77

Abbreviations: CAN = cardiovascular autonomic neuropathy, CKD = chronic kidney disease, DR = 

diabetic retinopathy, DPN = diabetic polyneuropathy, PAD = peripheral artery disease 

The statistical analysis of the frequency of chronic diabetes complications based on 

cardiovascular risk indicates significant differences among the various risk categories. For 

cardiovascular autonomic neuropathy (CAN), the prevalence increases with the degree of 

cardiovascular risk, with the highest frequency observed in those with a risk greater than 20% 

(69.80%). The same trend is observed for diabetic polyneuropathy (DPN), chronic kidney disease 

(CKD), and diabetic retinopathy (DR), where the frequency of complications significantly increases 

with higher cardiovascular risk. These findings underscore the importance of proper monitoring and 

management of cardiovascular risk in addressing chronic diabetes complications (Table 4). 

Correlation of Sudoscan with SCORE 2 - Diabetes 

The scatterplot shows the relationship between the Sudoscan CAN-score, Sudoscan Nephro-

score and the SCORE2-Diabetes. Sudoscan CAN-score showed a signiflicantly positive correlation 

with SCORE 2-Diabetes and, Sudoscan Nephro-score score showed a significantly negative 

correlation with SCORE 2-Diabetes (Figure 1a,b). 

  
(a) (b) 

Figure 1. Scatterplot showing the relationship between Sudoscan CAN-score on y-axis and SCORE 2 

– Diabetes on x-axis. (a) Scatterplot showing the relationship between Sudoscan Nephro-score on y-

axis and SCORE 2 – Diabetes on x-axis. (b). 

The scatterplot shows the relationship between the Sudoscan feets-score, Sudoscan hands-score 

and the SCORE2-Diabetes. Sudoscan feets-score and Sudoscan hands-score showed a significantly 

negative correlation with SCORE 2-Diabetes (Figure 2a,b). 
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(a) (b) 

Figure 2. Scatterplot showing the relationship between Sudoscan feets-score on y-axis and SCORE 2 

– Diabetes on x-axis. (a) Scatterplot showing the relationship between Sudoscan hands-score on y-

axis and SCORE 2 – Diabetes on x-axis. (b). 

The area under the receiver operating characteristic (ROC) curve of the Sudoscan-CAN score to 

predict very high cardiovascular risk was 0.657 (95%CI: 0.569-0.745) of the total square (Figure 3). 

The Sudoscan-CAN score cut-off was 39.5, and the test had 34.3% sensitivity and 79% specificity to 

detect very high cardiovascular risk. 

 

Figure 3. ROC curve of Sudoscan-CAN score in detecting very high cardiovascular risk in pantients 

with T2DM. 

Table 5. Clinical factors associated with SCORE2-Diabetes in patients with T2DM using multiple 

linear regression. 

 Standard β- coefficient P-value 

Age 0.413 <0.001 

Diabetes duration 0.179 <0.001 

FPG 0.026 0.688 

HbA1c 0.353 <0.001 

TC 0.313 0.085 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 April 2024                   doi:10.20944/preprints202404.1321.v1

https://doi.org/10.20944/preprints202404.1321.v1


 8 

 

LDL-c 0.239 <0.001 

HDL-c -0.109 0.069 

TGL 0.021 0.795 

eGFR -0.315 <0.001 

Sudoscan feets score 0.261 0.001 

Sudoscan Nephro-score -0.389 <0.001 

Sudoscan CAN-score 0.199 0.036 

Ewing test score 0.197 0.004 

HRVi 0.008 0.869 

SBP supine position 0.238 <0.001 

DBP supine position -0.058 0.356 

Abbreviations: FPG = fasting plasma glucose, HbA1c = glycated hemoglobin, TC= total cholesterol, 

LDLc = low-density lipoprotein, HDL-c = high-density lipoprotein, TGL = triglycerides, eGFR = 

estimated glomerular filtration rate, HRVi = heart rate variability index, SBP = systolic blood 

pressure, DBP = diastolic blood pressure, statistical significance, p<0.05 

The multiple linear regression analysis examining clinical factors associated with SCORE2-

Diabetes in patients with T2DM reveals several significant associations. Age and diabetes duration 

exhibit positive correlations with SCORE2-Diabetes, with standardized β-coefficients of 0.413 and 

0.179, respectively, both statistically significant (p < 0.001). Similarly, HbA1c, LDL-c Sudoscan feet 

score, Sudoscan CAN-score, Ewing test score, and SBP in the supine position also demonstrate 

positive associations with SCORE2-Diabetes, with significant p-values (<0.05). Conversely, eGFR and 

Sudoscan Nephro-score display negative associations with SCORE2-Diabetes, suggesting that higher 

eGFR and Sudoscan Nephro-scores are associated with lower SCORE2-Diabetes values. These 

findings highlight the importance of age, diabetes duration, HbA1c, LDL-c, Sudoscan parameters, 

eGFR, and SBP in predicting SCORE2-Diabetes in patients with T2DM (Table 5). 

1. Discussion 

The findings of the study highlight the significant cardiovascular risk faced by patients 

diagnosed with T2DM. The prevalence of CAN was significant within our studied patient cohort, 

being 67.2%. What is important to mention is that 69.8% of patients with very high cardiovascular 

risk also associate CAN. With a substantial portion of the cohort (81.5%) classified as having very 

high cardiovascular risk according to SCORE2-Diabetes, it underscores the critical need for 

comprehensive risk assessment and management strategies in this population. 

In a meta-analysis conducted in 2003, Maser et al. synthesized the evidence base to evaluate the 

relationship between CAN and the risk of mortality in diabetes. CAN was associated with future risk 

of mortality both in cases of definite CAN and possible CAN, with a stronger association observed 

in definite CAN cases [21]. 

Also, Ewing et al. illustrated a 2.5-year mortality rate of 27.5%, which escalated by 25.5% after 5 

years in patients with diabetes and definite CAN [22]. This stands in stark contrast to patients with 

diabetes and a normal autonomic function test (AFT), who exhibited a mortality rate of only 15% over 

the same 5-year period. Additionally, CAN also serves as a prognostic indicator for cardiovascular 

events (CVE) and mortality in the context of intensive glycemic control in type 2 diabetes. This was 

evidenced by the Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release 

Controlled Evaluation (ADVANCE), Veterans Affairs Diabetes Trial (VADT), and ACCORD Studies 

[23–25]. 

Our study introduces the utilization of the Ewing Test and Sudoscan Cardiovascular Autonomic 

Neuropathy Score as adjunctive tools for assessing cardiovascular risk in T2DM patients. This 

integration of novel assessment methods provides a more comprehensive evaluation beyond 

traditional risk scoring algorithms, potentially offering additional insights into cardiovascular health 

in this population. 
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Vinik et al. explored the correlation between CAN and subsequent cardiovascular events. They 

analyzed fatal or non-fatal incidents such as myocardial infarction, heart failure, ventricular 

tachycardia or fibrillation necessitating resuscitation, angina pectoris, or the need for coronary 

revascularization. They discovered a link between CAN and major cardiovascular events and found 

that the relative risks associated with CAN was 3.4 (p<0.05) [26]. 

The observed correlations between Sudoscan CAN-score and Sudoscan Nephro-score with 

SCORE2-Diabetes shed light on the interplay between autonomic neuropathy, renal function, and 

cardiovascular risk in T2DM patients. The positive correlation of Sudoscan CAN-score with 

cardiovascular risk suggests a potential association between autonomic dysfunction and increased 

cardiovascular risk. The identification of significant associations between various clinical parameters 

and SCORE2-Diabetes underscores the multifactorial nature of cardiovascular risk in T2DM patients. 

This highlights the importance of comprehensive risk stratification strategies that consider not only 

traditional risk factors but also novel markers such as autonomic function and renal health in guiding 

therapeutic interventions and optimizing outcomes. 

The findings regarding the correlation between Sudoscan feets-score and Sudoscan hands-score 

with SCORE2-Diabetes suggest a potential role for Sudoscan as a non-invasive tool for assessing 

peripheral neuropathy in T2DM patients and predicting cardiovascular risk. 

Further research is warranted to elucidate the clinical utility of Sudoscan scores in risk 

stratification and guiding therapeutic interventions in this population. 

While the study provides valuable insights into the relationship between Ewing Test, Sudoscan 

scores, and cardiovascular risk in T2DM patients, certain limitations need to be acknowledged. 

Firstly, these include the relatively small sample size and cross-sectional design. Secondly, all 

participants included in our research are from Romania, a very-high-risk European region in terms 

of CV mortality [27]. Also, the study enrolled patients from a single center. 

Future prospective studies with larger sample sizes and longitudinal follow-up are needed to 

validate these findings and explore the utility of novel assessment tools in improving cardiovascular 

outcomes in T2DM patients. 

6. Conclusions 

The impact of microvascular damage in diabetic patients may contribute to the development of 

cardiovascular diseases. Sudomotor dysfunction is a marker of this damage and may help the 

identification of high-risk patients. As a measure of sudomotor function, Sudoscan represents a 

potentially valuable and non-invasive method of assessing microvascular function. Studies have 

demonstrated that Sudoscan can detect early peripheral neuropathy in diabetic and pre-diabetic 

patients, with correlation to nerve fiber density in skin biopsy samples. The predictive accuracy and 

diagnostic performance of Sudoscan in identifying cardiovascular risk in diabetic and other patients 

at risk of microvascular damage is yet to be clearly established. This is the first study to evaluate the 

relationship between Sudoscan and cardiovascular risk. We have established that Sudoscan is a 

reliable measure of measuring sudomotor function in patients with Type 2 diabetes. Considering that 

nearly 70% of patients with very high cardiovascular risk associate with CAN, it is important to assess 

this diagnosis through a rapid diagnostic method. This supports our hypothesis that increased 

cardiovascular risk is associated with sudomotor damage and that Sudoscan is an effective and non-

invasive measure of identifying such risk. 
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