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Abstract

Assessing sudomotor function is essential for diagnosing and monitoring autonomic disorders,
especially in cases of diabetes and small fiber neuropathies. Traditional methods are effective but often
complicated and less accessible. Recent innovations, particularly the VitalScan-SudoCheck, provide
a non-invasive and rapid alternative for evaluating sudomotor function through techniques such as
Quantitative Sudomotor Axon Reflex Test (OSART) and Sympathetic Skin Response (SSR).

This study investigates the impact of aging on the risk of developing autonomic neuropathy within a
large cohort (n=143,900) using the Sudomotor Autonomic Neuropathy Index (SANI). As individuals
age from 20 to 90 years, their SANI scores increase, reflecting a higher risk of autonomic neuropathy.

Additionally, the study evaluates the effectiveness of the SANI score in detecting diabetic neuropathy
compared to clinical diagnoses made by healthcare professionals for patients with type 2 diabetes
mellitus (T2DM). The findings reveal that T2DM patients (n=2,560) have higher SANI scores than the
elderly cohort aged 80 to 90.

The SANI, developed by SudoCheck, facilitates comprehensive monitoring of autonomic health,
particularly among older adults. Despite these encouraging findings, further research is necessary
to standardize sudomotor function tests and enhance their clinical utility. By addressing the barriers
to the adoption of sudomotor assessments, this study highlights the importance of timely diagnosis in

improving patient outcomes and managing the economic impact of diabetes-related complications.

Introduction

Diabetic autonomic neuropathy (DAN)
significantly impacts various bodily systems in
individuals with diabetes mellitus, particularly
cardiovascular and sudomotor functions
[1]. Among its manifestations, sympathetic
sudomotor dysfunction (SMD) is commonly
observed, resulting in reduced sweating in
the feet and an increased risk of foot ulcers
(Figure la) [2]. SMD may present as part of
generalized diabetic peripheral neuropathy
(DPN) or alongside distal small fiber sensory
polyneuropathy (SFSN) [3]. Abnormal
sweating patterns and dry skin, resulting from
SMD, further elevate the risk of foot ulceration,
a critical issue since 84% of non-traumatic
amputations in diabetics are preceded by foot
ulcers [4-6].

SMD can manifest as either increased or
decreased sweating, affecting an individual's
quality of life [7]. The autonomic nervous
system regulates sweat gland activity in
response to various factors, and sweating plays
a crucial role in thermoregulation, helping to
prevent heat-related illnesses [8]. SMD can
result from central disorders such as strokes

or neurodegenerative diseases, as well as
peripheral neuropathies, commonly associated
with diabetes [9,10].

DPN, characterized by chronic pain and a
heightenedrisk of falls, ulcers, and amputations,
accounts for 78% of the foot ulceration risk in
diabetic patients [6,11-13]. Early detection
of DPN is vital to prevent complications and
limb loss. Symptoms of DPN include heat
intolerance and hyperhidrosis, necessitating
comprehensive assessments of patients’ social
habits and skin conditions to identify potential
complications like skin ulcers [7,14].

The prevalence of DPN varies between
type 1 (T1IDM) and type 2 diabetes mellitus
(T2DM), with rates reported between 6% and
51% in different populations [15-25]. Chronic
hyperglycemia in both TIDM and T2DM
often leads to microvascular complications,
particularly DPN, which affects up to half of
all diabetics [26,27]. This condition triggers
oxidative stress and neuronal damage through
multiple pathways (polyol, PKC, hexosamine,
and AGEs), resulting in increased reactive
oxygen species ((ROS) and subsequent
cellular damage and inflammation [28-33].
Pro-inflammatory markers and macrophage
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Figure 1a. Progressive tissue damage in diabetic neuropathy. i) Healthy tissue. ii) Diabetes-related metabolic

or vascular conditions can cause capillary damage. iii) Capillary damage can lead to nerve damage and loss

of sensation especially in the extremities. iv) Injury due to loss of sensation. v) Loss of sensation and circula-
tion problems result in increased risk of infection, ulcers and gangrene.

accumulation contribute to nerve damage [34-37]. Conversely,
the AMPK signaling pathway may provide protective effects
against neuropathy by enhancing mitochondrial function
and reducing inflammation [38-41]. Understanding these
mechanisms is vital for developing effective prevention and
treatment strategies for DPN.

DPN primarily affects small nerve fibers in the lower limbs,
leading to symptoms such as foot pain, tingling, numbness, and
extreme sensitivity to touch [42]. Initially mild, these symptoms
can escalate to burning sensations, causing significant discomfort
[43]. Small fiber neuropathy (SFN) often precedes larger fiber
damage and can begin in the pre-diabetic stage [11,44,45].
Furthermore, DPN disrupts autonomic nerve function, leading
to dry eyes, mouth, constipation, incontinence, and orthostatic
hypotension due to loss of vascular autonomic tone [43].
The skin in affected areas may become dry and discolored, a
consequence of impaired sweat production from damaged
autonomic C-fibers. These unmyelinated C-fibers include
sudomotor nerves responsible for stimulating sweat production
from eccrine sweat glands, which number up to 4 million in the
human body, primarily located in the palms and soles [46-48].
This process is regulated by efferent postganglionic autonomic
signals activated by afferent signals from skin thermoreceptors.
Degeneration of C-fibers can impair sweating [8].

In diabetic neuropathy, degeneration of small C-fibers from
postganglionic sympathetic cholinergic neurons often begins in
the subclinical pre-diabetic stage, preceding damage to larger
group I and AP fibers [7]. Although this early degeneration is
usually asymptomatic, some studies suggest that nerve repair
may be achievable through lifestyle changes and weight loss,
provided the degeneration is detected early [49,50].

A serious consequence of diabetic autonomic dysfunction
is cardiovascular autonomic neuropathy (CAN), which affects
the autonomic fibers innervating the heart [51]. Risk factors for
CAN include HbAlc levels, age, obesity, hypertension, and
hyperglycemia. DAN often develops early in diabetes, within
one to two years after a T2DM or T1DM diagnosis, impacting
cardiovascular and sweat gland functions and potentially
leading to severe complications if untreated [52]. Clinical signs
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of CAN can include a persistently elevated heart rate, exercise
intolerance, and diminished pain perception during myocardial
infarction [33,51,53,54]. Early intervention is crucial for
repairing small fiber damage, underscoring the importance of
early detection.

SMD is typically an early sign of autonomic neuropathy
and results from impaired neurotransmitter release [55]. If left
untreated, it can lead to dry skin, lack of sweating, and skin
cracks, increasing the risk of severe complications like ulcers,
gangrene, and limb loss (Figure la) [37]. Early detection of
diabetic neuropathy is challenging due to the absence of clear
clinical signs in the initial stages. As the severity of diabetic
neuropathy increases, sudomotor function declines [2].
Assessing SFN is essential, as patients may present normal
neurological exam results in the early stages and SFN may be
the only detectable neurologic manifestation at this point [56-
60]. Symptoms like reduced skin moisture or cracked skin often
emerge later [56]. SMD, often linked to SFN, can be identified
through various testing methods. Early detection of SMD is
crucial for evaluating and monitoring diabetic neuropathy, as it
represents one of the earliest neurophysiological manifestations
of SFNs [9].

Assessment of autonomic dysfunction can be achieved
through sudomotor testing, which is beneficial since sudomotor
function is typically the first affected in early peripheral
neuropathy, providing clinicians with a valuable opportunity
for early detection of diabetic neuropathy [27]. The American
Diabetes Association recommends sudomotor assessments for
early neuropathy detection, particularly in diabetic and pre-
diabetic populations [1,61-66].

Sudomotor tests evaluate sweat glands innervated by small
C-fibers involved in sympathetic activities [67,68]. The gold
standard for diagnosing SFN is a skin biopsy that measures
intraepidermal nerve fiber density (IENFD) [56,69-73]. While
effective, this method is invasive, time-consuming, and requires
specialized resources [1,74].

Non-invasive testing include the quantitative sudomotor axon
reflex test (QSART), first introduced in 1983 by Phillip Low
and colleagues, assesses postganglionic sudomotor function by
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measuring sweat output in response to acetylcholine [47,75-77].
This test evaluates the integrity of the sudomotor system by
electrically stimulating the skin and recording sweat responses
from multiple sites. While some previous implementations
of the QSART technology report mixed results regarding its
sensitivity and reproducibility, QSART remains sensitive and
effective in detecting small fiber dysfunction [78,79].

Another method for assessing autonomic function is the
sympathetic skin response (SSR), which measures skin
conductance changes due to sympathetic activation of sweat
glands in response to stimuli like electrical stimulation, deep
breathing, and stress [80]. SSR is an electromyography-based
method performed in a controlled environment that assesses
changes in skin electrical potential, primarily reflecting eccrine
sweat gland activity. While SSR has high reproducibility
and detection rates in diabetic patients can reach up to 96%,
some previous implementations of the SSR technology have
limitations due to variability in results and the underlying
mechanisms of this somato-sympathetic reflex [80-82].

Various methods for assessing sudomotor function differ in
cost, technical complexity, reproducibility, and the availability
of normative data [47]. To address these challenges, the
VitalScan-SudoCheck System, FDA-cleared and non-invasive,
offers a comprehensive assessment of sudomotor autonomic
function by combining multiple tests, including QSART, SSR,
BioElectrical Conductance (BEC), Bioelectrical Impedance
Analysis (BIA), and demographic data [42]. This integration
derives the Sudomotor Autonomic Neuropathy Index (SANI),
providing a holistic view of sudomotor function and its
implications for autonomic health.

SudoCheck measurements involve applying a small electrical
current through surface electrodes to assess various physiological
properties of the body. The voltage drop observed as the current
travels through various tissues provides indirect information
about their characteristics [42]. These measurements yield
valuable insights into body composition, hydration status, and
nutritional health, making them useful for clinical assessments
and health monitoring.

The SudoCheck technology facilitates faster and simpler
assessment of sudomotor function, delivering rapid results
with a specificity of 95% and sensitivity of 80% in identifying
autonomic neuropathy. This correlates well with clinical
neuropathy and pain scores [42].

Medeia Inc. aims to introduce the SANI as a diagnostic tool
to assess the risk of autonomic neuropathy with age in a large
population sample (n=143,900) and to establish a reference
range for VitalScan-SudoCheck. The SANI will also evaluate
the risk of sudomotor autonomic neuropathy in T2DM patients,
which accounts for 90-95% of all diabetes cases [42]. Early
detection of peripheral and autonomic neuropathies is critical
for implementing interventions that can preserve nerve function
and prevent severe complications in aging and diabetic
populations in the United States (U.S.).

Materials and methods

Subject and Variable Selection

Patient data acquisition occurred between 2014 and 2023
across multiple neurology offices. Patients who qualified for the
VitalScan-SudoCheck assessment were concurrently evaluated
for their SANI (integrative index comprised of QSART/SSR/
BEC/demographic) data. The subject selection criteria for a
VitalScan-SudoCheck assessment are detailed below.

Neurol Neurosci. (2024) Vol 5 Issue 3

A. Inclusion/Exclusion Criteria, Demographics and
Gender [83]

For subjects aged 4 to 18 years, parents completed a
neurological history questionnaire for them, and psychometric
evaluations were conducted. Adults (>18 years) also completed
a neurological questionnaire, and those deemed unhealthy
were excluded based on questionnaire responses and/or
physician comments. Physicians have access to the following
questionnaires: GAD-7 (Anxiety Severity), DSM-5 Level 1
(Cross-Cutting Symptom Measures), PHQ-9 (Depression), and
general neurological questionnaires. Inclusion required at least
one questionnaire score below moderate and physician-verified
health in that the patient was deemed healthy. Any patient records
or previously known medical records with questionnaire score
of ‘moderate’ or ‘severe’ were excluded from the VitalScan-
SudoCheck database, regardless of other information.

B. Demographic Characteristics [83]

It is crucial that the demographic mixture of males and
females, various ethnic groups, and socioeconomic statuses
be reasonably representative of the expected North American
clientele. This diversity was derived from a large pool of
subjects obtained from eight geographically dispersed sites,
reflecting the North American demographics and addressing a
wide range of ethnic and socioeconomic statuses found in the
de-identified patient data before review.

C. Client-Based VitalScan-SudoCheck Database [83]

Each client in the VitalScan-SudoCheck database completed
a DSM-based questionnaire. Regression analysis was utilized to
remove any psychopathology-related variance from the SANI
data. This process ensures that the variance in the SANI data
of ‘healthy’ subjects, which is explained by the variance in the
questionnaire, is removed to create a ‘psychopathology-free’
SudoCheck normative database or discriminant databases for
various neuropathy disorders.

Utilizing a client-based normative or discriminant database
has its own set of advantages. Clients may harbor expectations
distinct from those of 'healthy' subjects concerning SudoCheck
recordings.

Patients were prepared for a VitalScan-SudoCheck
assessment, where SANI data were collected concurrently.

VitalScan-SudoCheck Assessment

D. To Prepare the Patient for a VitalScan-SudoCheck
Assessment [83]

To perform a reliable VitalScan-SudoCheck assessment,
it is essential to observe the following patient preparations:
patients should abstain from consuming caffeine at least 2
hours before the assessment, avoid taking any new medications
or supplements unless directed by a healthcare provider, and
refrain from using alcohol, marijuana, or other recreational
drugs at least 6 hours prior to the assessment. Patients with
pacemakers should not undergo testing during the visit and are
required to complete a brief neuropsychological questionnaire
about their symptoms before testing. During the testing, ensure
the patient is comfortable while sudomotor measurements and
activities are recorded
E. VitalScan-SudoCheck BEC

VitalScan-SudoCheck is a sophisticated device designed
to assess sweat gland function using the QSART and SSR

technologies. The SudoCheck system complies with 21 CFR
882.1540 as a sympathetic skin response device, offering skin
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Figure 1b. Progressive tissue damage in diabetic neuropathy. i) Healthy tissue. ii) Diabetes-related metabolic or
vascular conditions can cause capillary damage. iii) Capillary damage can lead to nerve damage and loss of sensa-
tion especially in the extremities. iv) Injury due to loss of sensation. v) Loss of sensation and circulation problems
result in increased risk of infection, ulcers and gangrene.

conductance measurements displayed on a computer screen.
It utilizes low-voltage electrochemical stimulation to analyze
the reaction between the electrodes and chloride ions, helping
to identify potential sweat dysfunction that may not be visible
under normal conditions. The device measures the electrical
potential difference resulting from this reaction, applied through
electrodes on areas rich in sweat glands. The test takes 3
minutes to complete.

F. Brief Guide to Operate the VitalScan-SudoCheck
System for Patient Assessment (83)

The VitalScan-SudoCheck System comprises a workstation
with stainless-steel electrodes (Figure 1b). The device assesses
sweat gland function by having patients place their hands and
feet on stainless-steel electrodes, using low voltage to stimulate
sweat glands. The VitalScan-SudoCheck System enables quick
and easy evaluations of peripheral neuropathies and early
nerve dysfunction by measuring the electrical potential without
requiring patient preparation.

To operate the VitalScan-SudoCheck System, follow these
steps: Turn on your laptop, open the VitalScan-SudoCheck
software, and ensure that the amplifier device's USB is properly
connected. To confirm the connection, click on the settings
button and press "Check Device Connection." Position the
patient comfortably in a chair facing the laptop screen. In the
software, select “New Measurement” and then “SudoCheck
Response Test”.

Proceed to the patient information section, select "New" or
"Existing Patient," and enter the patient's details, including name,
date of birth, gender, weight, height, medications, symptoms,
or previous diagnoses. Progress to the patient questionnaire,
guiding the patient through detailed answers—an essential step.
In the pre-test screen, check signal quality.

After a successful test, view the results on the overview page
and disconnect the patient. The software results, starting with
the neurofunctional test option, provide a general summary with
scales ranging from red (abnormal) to green (healthy), helping
diagnose and assess the patient's autonomic health. Light green
is borderline, while yellow and orange indicate areas of concern.

Neurol Neurosci. (2024) Vol 5 Issue 3

G. SudoCheck Results

SudoCheck is designed to assess the sweat glands' capacity
to release chloride ions in response to stimulation, similar to a
galvanic skin response test. This innovative technology delivers
quantitative results expressed in BEC and calculates a risk score,
known as the SANI. The SANTI is derived from integrating BEC
values with demographic data and other assessment methods
(QSART, SSR, BIA) [42]. Results, expressed as a mean +
standard deviation (SD), are available in just three minutes,
enhancing the efficiency of autonomic function evaluation.

Results

Mean SANI versus Age

For both males and females, the sudomotor autonomic
neuropathy indices increased with age (Figure 2a). When
comparing SANI between genders across different age groups,
females generally exhibited higher mean SANI values (Table
1), though the differences were not statistically significant.
In every age group except for the 25-30 cohort, females had
higher mean SANI values than males. The only exception was
in the 20-25 age group, where males had a mean SANI value of
42.81421.04, which was 0.13 higher than the female mean of
42.68+£21.72. This difference is likely related to physiological
differences between male and female patients in that age group.
Overall, the SANI values for males and females were quite
similar, with both curves displaying an upward trend in SANI
values with age (Figure 2b).

The mean SANI values for males increased from 41.124+22.29
at age 20-25 to 63.00+21.40 at age 80-90. For females, the
mean SANI values rose from 41.22+21.44 in the 20-25 age
group to 64.03£20.71 in the 80-90 age group. The relative
change in SANI from the young (20-25 years) to the old (80-90
years) was similar for both genders, but females experienced a
slightly greater increase. Males showed an increase of 53.21%
[(63.00—41.12)/41.12], while females exhibited a 55.34%
increase [(64.03—41.22)/41.22]. This suggests that females may
face a higher risk of sudomotor autonomic neuropathy as they
age.
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Figure 2a. Average Sudomotor Autonomic Neuropathy Index (SANI)
versus age, with error bars, shows a increase with age in both men
(left) and women (right) aged 20-90 years.

Moreover, the SD values were similar and consistent between
males and females across all age groups, ranging from 21.04 to
22.67 in males and 19.78 to 21.72 in females. While the mean
SANI values increased with age, the SD values remained stable,
indicating the stability and reproducibility of the VitalScan-
SudoCheck System. The higher SD values in males suggest
greater individual variation within that population, which may
also be influenced by the smaller sample size (n) of male cohorts
across all age groups. Overall, the increase in mean SANI with
age suggests a rising risk of sudomotor autonomic neuropathy
as individuals grow older.

Impact of T2DM

In patients with T2DM (n=2,560), the mean SANI was
69.7£12.3, comparable to individuals aged 80-90 years.
Notably, the SANI for T2DM patients (69.7+12.3) was higher
than that of both older males (63.00+£21.40) and females
(64.03£20.71), indicating that T2DM patients may have a
greater risk of developing autonomic neuropathy compared to
their older counterparts. The population in this study aged 20
to 90 years without diabetes has SANI values between 41.12
and 64.03 (Table 1). Based on these results, individuals with
values outside of this reference range may have a higher risk
of autonomic neuropathy, with diabetic patients experiencing
a greater risk, as shown by their mean SANI (69.7+12.3) value
above the population range.

The VitalScan-SudoCheck detected the risk of sudomotor
autonomic neuropathy with a sensitivity of 74.3% and specificity
of 72.8%. Importantly, a sensitivity or specificity score above
70% in a large cohort is considered significant.

Discussion

Limiting Factors of Traditional Sudomotor Function
Tests

Sudomotor function assessment is essential for evaluating
autonomic  disorders, particularly in detecting early
neurophysiological changes associated with SFNs before
clinical symptoms manifest. Early identification of small fiber
damage is crucial for diagnosing neuropathy and preventing its
progression. Various testing methods exist, each with distinct
advantages and disadvantages.

While sudomotor testing shows promise, its routine use faces
several challenges [58,84-87]:

1. Need for Specialized Technology and Training: Many
tests require specific equipment and trained personnel,
limiting their accessibility in clinical settings.

Neurol Neurosci. (2024) Vol 5 Issue 3
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Figure 2b. Average Sudomotor Autonomic Neuropathy Index (SANI)
versus age curves increase with age in both men (left) and women
(right) aged 20-90 years, with both curves demonstrating a parallel
upward trend.

2. Lack of Standardization: Newer techniques often lack
standardization, leading to variability in results and
interpretation.

3. Influence of External Factors: Sudomotor function can
be affected by numerous variables, including humidity,
light, temperature, hydration levels, medications, age,
and prior skin treatments, which may introduce artifacts.
Controlling these factors is essential for obtaining reliable
results.

The gold standard for invasive assessment is a punch biopsy,
which, despite its sensitivity (78%-92%) and specificity (65%-
90%), is time-consuming and carries surgical risks, making it
impractical for routine exams [27,42].

In contrast, non-invasive methods such as QSART and SSR are
more patient-friendly and crucial for diagnosing and monitoring
neurologic disorders related to autonomic neuropathy. Despite
their advantages, these non-invasive tests also face limitations.

Despite these challenges, sudomotor assessments remain
among the most sensitive methods for detecting distal SFNs
[58]. Continued improvements in testing methodologies and
standardization efforts are essential for enhancing the utility of
sudomotor function tests in clinical practice.

Age and Sex-Related Differences in Sudomotor Function

A study by Lee et al. quantitatively assessed age and sex-
related differences in sudomotor function among healthy
individuals using the QSART [88]. Conducted under controlled
conditions, Lee’s study found that men generally exhibited better
sudomotor performance than women, suggesting a lower risk of
sudomotor autonomic neuropathy in men [88]. Consistent with
these findings, the current study also indicated a lower risk of
sudomotor autonomic neuropathy in males compared to females
that had higher SANI values virtually across all ages.

Similarly, Parashar et al. observed decreased sudomotor
function with age in a study involving 62 Indian volunteers
aged 25 to 80 years [89]. Their results showed that sudomotor
responses were partially interrupted in elderly age group (60-80
years). Overall, their findings align with the current study, which
revealed that the mean SANI increased with age, indicating a
higher risk of sudomotor autonomic neuropathy as sudomotor
function declines with aging.

In contrast, Mal et al. reported increased postganglionic
sudomotor function with age in a study of 61 healthy Indian
volunteers aged 21-50 years [90]. Additionally, they found
that, although men and women had comparable sweat gland
densities, men produced sweat at a higher rate.
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Table 1. Mean Sudomotor Autonomic Neuropathy Index (SANI) and standard deviation (SD) of male and female patients (n=143,900),

across ages 20-90 years.

age sex # of patients Mean SD
20-25 male 725 41.12 22.29
25-30 male 1288 42.81 21.04
30-35 male 1816 4551 22.67
35-40 male 2494 48.58 21.42
40-45 male 3177 49.53 21.87
45-50 male 4141 52.55 21.67
50-65 male 5784 54.27 22.03
60-70 male 15427 57.60 21.87
70-80 male 19811 60.82 21.63
80-90 male 7467 63.00 21.40
20-25 female 1446 41.22 21.44
25-30 female 2457 42.68 21.72
30-35 female 3120 47.46 21.08
35-40 female 3866 50.68 20.88
40-45 female 4870 52.92 20.99
45-50 female 6186 55.85 21.29
50-65 female 8021 57.84 20.45
60-70 female 20058 60.11 20.96
70-80 female 24287 62.07 19.78
80-90 female 9484 64.03 20.71

Importance of Early Detection and Prevention of
Diabetic Neuropathy

Early detection and prevention of diabetic neuropathy are
crucial due to significant healthcare costs and associated risks.
A study by Kiyani et al. tracking 350,000 diabetes patients over
five years found that those with peripheral neuropathy were
twice as likely to experience falls, three times more likely to
use opioids, and sixteen times more likely to undergo limb
amputation compared to those without neuropathy [42,91,92].

Additionally, patients with diabetic neuropathy incurred
substantially higher healthcare costs, spending an average of
three times more on medications, with median costs reaching
approximately $17,000 in the first year - double that of diabetic
controls [91]. Similarly, Sadosky et al. reported that healthcare
costs increased with the severity of neuropathy. Patients with
DPN averaged nearly $24,000 in annual costs, compared to
$7,000 for those with diabetes alone, with outpatient care being
the primary expense [93].

DPN is a significant complication of diabetes, linked to
high mortality rates and severe issues such as foot ulcers, poor
wound healing, limb amputation, and infections [94]. A 2003
analysis estimated the cost of DPN in the U.S. at $4.6 to $13.7
billion, which translates to approximately $7.68 to $22.89
billion in 2023 when adjusted for inflation [95]. These findings
highlight the substantial economic and health impacts of early
detection and management of diabetic neuropathy [95]. Early
detection of peripheral neuropathy is critical for implementing
interventions that can preserve nerve function and prevent
severe complications.

Neurol Neurosci. (2024) Vol 5 Issue 3

Importance of Early Screening for SMD

Calikoglu’s research emphasized the high prevalence of SMD
in individuals with diabetes and its correlation with diabetic
complications, particularly retinopathy [96]. In a large cohort
of 690 individuals, Calikoglu et al. found that SMD prevalence
was 18.8% in the TIDM group, 44.3% in T2DM, 59.1% in
pre-diabetes, and 15% in healthy controls [96]. Among T2DM
participants with retinopathy, 66.7% exhibited SMD, with
56.3% of these having clinical diabetic polyneuropathy [96].
Factors such as retinopathy, female gender, and estimated
glomerular filtration rate were significantly associated with
SMD. Moreover, SMD could manifest even before clinical
signs of polyneuropathy appear, highlighting a need for early
detection and intervention. However, Calikoglu et al. noted the
necessity for larger, prospective studies to establish universally
accepted threshold values for routine screening, ensuring
effective measures can be implemented to prevent further
complications in diabetic patients [96].

The SSR has been validated as a reliable measure of sweat
gland innervation in diabetic neuropathy [81]. Levy et al.
demonstrated that SSR can be effectively measured in 96% of
randomly selected diabetic patients, surpassing the detection
rate of traditional sensory electrophysiological tests [81].
By quantifying SSR responses rather than simply recording
their presence or absence, the technique provides significant
advantages in assessing nerve function, with established
reference ranges. Key findings included longer latency and
smaller amplitude in SSR responses for diabetic subjects
compared to healthy individuals [81]. The study also noted
that while age positively correlated with total sweat volume,
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it inversely correlated with latency periods. Notably, SSR
amplitude decreased with age in diabetic patients.

Methodological improvements contributed to the success of
Levy’s study, such as using a lower cutoff frequency for filters,
employing deep inspiration instead of electrical stimulation, and
utilizing proprietary electrodes for more consistent responses
[81]. Temperature control was crucial, as increased local foot
temperature led to higher SSR amplitudes, though changes in
latency were less consistent [81]. Nonetheless, the findings
suggest that SSR may reflect advanced neuropathy rather than
mild forms, warranting further investigation into its clinical
utility.

Each method for detecting SFN has unique advantages and
disadvantages, impacting their reliability and practicality for
routine clinical use. Overall, while several promising approaches
exist, challenges remain in standardization and accessibility for
widespread clinical implementation.

VitalScan-SudoCheck has addressed these technical
challenges in the current large population study to establish
SANI reference ranges for the aging population.

VitalScan-SudoCheck Integrative Analysis

Quantitative assessment of sudomotor function is essential
for evaluating autonomic dysfunction. It aids in confirming
diagnoses, track disease progression, and assess treatment
effectiveness. The core method of SudoCheck, the BEC test,
offers a promising alternative to traditional sudomotor function
assessments, which can be complex and less accessible.
VitalScan-SudoCheck represents a significant advancement in
non-invasive testing for autonomic dysfunction, allowing for
quicker and simpler assessments while providing critical data
on risks of developing sudomotor autonomic neuropathy.

Results from this study indicate that T2DM patients are at
a higher risk of developing sudomotor autonomic neuropathy
compared to aging individuals, as evidenced by higher SANI
scores outside of the population range. Notably, no significant
differences in SANI-associated risk were found between males
and females across all ages, as the mean SANI values were
similar in the age cohorts.

Thus, VitalScan-SudoCheck serves as a vital monitoring tool
for disease detection and progression, particularly in diabetic
patients. The economic burden of diabetes is substantial, with
related costs estimated at $327 billion annually, accounting for
nearly 10% of total U.S. healthcare spending [42,97].

One of the key advantages of SudoCheck is its integration
of multiple methods — QSART, SSR, and BEC — to provide
rapid, comprehensive results in the form of SANI as a risk index
for sudomotor autonomic neuropathy in both aging and diabetic
individuals. This technology enables Medeia Inc. to develop
reference ranges that monitor individual risk as they age.

Furthermore, the introduction of SANI facilitates ongoing
disease surveillance, allowing for tracking and assessment of
progression throughout the life of individuals at risk, especially
those with diabetes. The study highlighted several advantages
of VitalScan-SudoCheck: it is non-invasive, quick, objective,
and quantitative. Its reproducibility makes it suitable for large-
scale screening, with results available within three minutes. This
convenience makes it an excellent tool for general practitioners,
cardiologists, and neurologists to screen for autonomic
neuropathy and neuropathic pain in diabetic patients.

Overall, the effectiveness of VitalScan-SudoCheck for early
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detection of SFNs positions it as an attractive option for broader
clinical use.

Conclusion

While sudomotor assessment is increasingly recognized for
its potential in diagnosing neurological conditions, further
research and standardization are essential to enhance its
clinical applicability and precision. Technologies like the
VitalScan-SudoCheck hold promise for improving diagnostics
for autonomic disorders, particularly given the early indicators
of sudomotor involvement in conditions such as diabetes.
Future studies should focus on identifying and addressing the
various factors that influence the clinical application of these
assessments, thereby facilitating their broader adoption in
routine clinical practice.
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