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ABSTRACT

Background and Objectives: The conventional diagnostic process for cardiovascular
autonomic neuropathy (CAN) is often time-consuming and lacks standardization. The
Cardiovascular Autonomic Nervous Function Multi-Parameter Evaluation System is the first
intelligent device designed for CAN diagnosis, featuring wireless wearable modules and human—
computer interaction. This study aims to evaluate the accuracy and efficiency of the novel
device. Methods: A two-part, paired-design multicenter study involving a total of 200 subjects
(122 with diabetes) from three centers was conducted. Cardiovascular autonomic reflex tests
(CARTSs) and 5-min heart rate variability (HRV) analyses were performed via the study device.
Concurrent manual measurements with physician diagnoses and nonstandardized conventional
methods served as controls in Part | and Part Il, respectively. Results: In Part I, the study
device diagnosed 19.3% (29/150) of the subjects with CAN, demonstrating 96.6% sensitivity
and 100% specificity. There was excellent agreement with the physician's CAN diagnosis for
CARTs (Cohen's kappa of 0.979, P < 0.001) and with the control device for HRV parameters
(intraclass correlations [ICCs] > 0.9). Part Il showed weak to moderate intermethod correlations
with the nonstandardized conventional method (ICCs = 0.193-0.632). Repeated tests revealed
high reproducibility (coefficients of variation = 3%—20%). The investigational device required
only one examiner to perform a standardized assessment and saved 33 minutes compared
with manual methods. Conclusions: The proposed system provides efficient and standardized
testing with excellent accuracy and reproducibility for CAN assessment. This novel device will
facilitate the evaluation of therapeutic efficacy and promote streamlined clinical workflows.

Key words: diabetes, cardiovascular autonomic neuropathy, human—machine interaction, wireless, cardiovascular
autonomic reflex tests, heart rate variability
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INTRODUCTION

Cardiovascular autonomic neuropathy (CAN) is a common
and serious complication of diabetes. '’/ The reported
prevalence of CAN in patients with diabetes varies widely,
ranging from 20% to 60%, which can be attributed to the
absence of standardized diagnostic tools, inconsistent
diagnostic criteria and variation in study designs. * Early
detection of CAN is challenging because it typically has
an occult onset and is often asymptomatic in the early
stages.” Furthermore, pathogenetically otiented therapies
are limited, underscoring the importance of advancing
diagnostic and screening methods.

Cardiovascular autonomic reflex tests (CARTS) have been
recommended as the gold standard for the screening
and diagnosis of CAN by clinical guidelines and expert
consensus.'"l However, existing methodologies
present notable limitations. In the absence of specialized
equipment, the accuracy of maneuvers relies heavily on
physician’s inspection and the use of basic, unverified
devices. Moreover, the interpretation of results often
requires manual measurements and calculations, which
are time-consuming, labor-intensive and prone to error.[”’
Although computerized systems have been developed
to address some of these issues by reducing errors in
the manual reading of paper-based electrocardiograms
(ECGs), they fail to offer real-time feedback on whether
a subject’s maneuvers comply with the standards.!'*"7
Additionally, these devices lack integrated solutions for
automating the workflow; restricting the widespread clinical
application of CARTSs. Efforts are needed to achieve truly
“standardized” stimuli and streamline the clinical workflow.

To bridge these gaps, we developed the Cardiovascular
Autonomic Nervous Function Multi-Parameter Evaluation
System, a first-of-its-kind intelligent device for CAN
diagnosis. This novel system incorporates wireless wearable
modules and human—computer interaction capabilities,
delivering maneuver-specific instructions and real-time
feedback to ensure compliance with diagnostic standards.
The aim of this study was to assess the accuracy and
efficiency of this innovative device, offering insights into
its potential to enhance the standardization and efficiency
of the diagnostic process of CAN.

METHODS

Participants

Patients with diabetes and healthy volunteers were recruited
from three research centers. Individuals who were 18 years
of age or older were eligible. Participants were excluded
if they had proliferative retinopathy, retinal detachment,
fundus hemorrhage, glaucoma, poorly controlled blood

pressure (defined as a systolic blood pressure not less than
160 mmHg or a diastolic blood pressure of 100 mmHg
or higher), documented arrhythmias except occasional
premature beats, heart failure, pregnancy, acute stress or
acute illnesses. Those who had experienced acute coronary
syndrome within 3 months or were taking medication
known to affect heart rate were also excluded.!”

Study design

This was a multicenter, open-label, pair-designed study
comparing a novel medical device with reference methods
for assessing cardiovascular autonomic function. Given that
both maneuvers and the data analysis process can influence
assessment outcomes, the study was divided into two parts
to identify their respective impacts. Part I of the study
compared the diagnostic outcomes of the study device with
physician diagnosis, whereas Part II assessed the overall
systemic differences between the standardized, automated
processes of the study device and the nonstandardized,
conventional manual methods. The details of the methods
used for the CARTSs in both Part I and Part II are illustrated
in Supplementary Table S1.

Part I was conducted as a component of the CARTS
study registered with the identifier NCT06447896. Each
participant underwent simultaneous diagnostic assessments
using both the study device and the reference method,
with the maneuvers guided and standardized through real-
time feedback from the device under study. The subjects
performed a series of maneuvers under voice and visual
guidance from the investigational device, including a 5-min
supine rest and CARTs manecuvers (lying to standing,
deep breathing, the Valsalva maneuver, and sustained
hand grip). Concurrently, a physician recorded the ECG
using the electrocardiograph model ECG-5503B (Sanrui,
Guangzhou, China) during the same CARTS sessions. Upon
completion, the device being investigated automatically
calculated the assessment results, whereas the reference
method relied on the physician’s manual interpretation
of the data. Comparisons were made between the study
device’s diagnoses and those of the physician. Additionally,
the 5-min resting ECGs were exported and processed
using algorithms from the ECG Workstation Model i12
plus (Rencare, Shenzhen, China) to calculate the heart rate
variability (HRV) parameters, which served as a reference
for comparison.

Part II employed a randomized, crossover design to evaluate
the overall systemic differences between the device being
investigated and the traditional method. The participants
were randomized into two groups to minimize the potential
influence of testing order on the results. One group first
underwent automatic evaluation with the proposed system,
followed by assessment with the conventional method,
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whereas the other group completed the procedures in
reverse order. In this part, the study device independently
guided participants’ maneuvers with real-time feedback,
automatically processed the data, and generated diagnostic
results. In contrast, the conventional method involved
maneuvers performed without quality control guidance,
ECG measurements taken manually, and diagnostic results
determined by a physician. Specifically, conventional
CARTs were performed by two trained physicians using
common equipment, including a syringe connected to a
manometer, a dynamometer, a double-headed stethoscope,
a mercury sphygmomanometer, and an ECG machine.
ECG data and blood pressure values obtained viz the
conventional method were manually recorded on paper.
After the examinations, two physicians, blinded to the
results, reviewed the ECG traces and blood pressure values
recorded in both Part I and Part 11, calculated the CARTS
indices, and rendered a diagnosis.

The evaluation of the blood pressure measurement
module was verified according to the international standard
ISO 81060-2: 2018 (Supplementary Table S2). To assess
reproducibility, we conducted a separate exploratory study
in which the tests described in Part I were performed four
times within three days on an additional six subjects.

This study was approved by the ethics committees of all
medical institutions involved in the research and adheres to
the principles of the Declaration of Helsinki. All patients
signed written informed consent forms.

Outcome measurements

The primary outcome of the study was the agreement
between the two methods in diagnosing CAN in Part I,
as assessed by Cohen’s kappa. The secondary outcomes
include the following: the intermethod agreement and
correlation of the CARTs indices; the correlation of
the HRV parameters between the two devices; the
reproducibility of the CARTs indices; and the time required
to complete the CARTS.

Prior to the examinations, the participants were instructed
to abstain from vigorous physical activity for at least 24
hours, and to refrain from smoking, alcohol, coffee, and
tea for 2 hours. Additionally, they were required to either
fast or consume a light meal for atleast 2 hours prior to the
examinations.'""!¥ During the tests, the patticipants were
instructed to keep quiet and stay awake.

The CARTSs were conducted with four standardized
maneuvers, which generated five indices. During the
tests, heart rate was continuously monitored, while blood
pressure was measured at 1-min intervals. The indices
included the ratio of the longest R-R interval at the 30®

heartbeat to the shortest interval at the 15" heartbeat upon
standing (R30: 15), the ratio of the longest R-R interval
during relaxation to the shortest R-R interval during
the Valsalva maneuver (VR), the difference between the
maximum heart rate during inhalation and the minimum
heart rate during exhalation during deep breathing paced
at 6 breaths per minute (I-E), the difference between
the supine systolic blood pressure and the minimum
systolic blood pressure upon standing (systolic blood
pressure changes from lying-to-standing, L.S-SBP), and the
difference between the maximum diastolic blood pressure
during sustained handgrip and the baseline diastolic blood
pressure (SHG-DBP).

The battery of tests enabled the classification of
participants into normal, eatly, definite, severe, and atypical
categoties."”? CAN was defined as the presence of at least
two abnormal heart rate tests, whetre definite and severe
involvement indicated CAN, and all other cases were
classified as non-CAN. The cutoffs proposed by Ewing
were used to define abnormal results.”” The maneuvers
and calculations of indices were performed according to
established protocols.'**->!

HRYV was assessed using the ECG recorded during 5
minutes of supine rest, incorporating a range of indices.
These indices encompassed the standard deviation of
the normal-to-normal (NN) intervals (SDNN), the root
mean square of the successive differences of NN intervals
(RMSSD), the number of pairs of NN intervals that differ
by more than 50 milliseconds (NN50), the proportion
of NN50 divided by the total number of NN intervals
(pPNN50), the triangular index of HRV (TI), the mean of
the RR intervals (mean RR), the deceleration capacity of
heart rate (DC), the deceleration capacity series of heart
rate (DCs), the very low frequency component (VLF),
the low frequency component (LF), the high frequency
component (HF), the ratio of LF to HF (LF/HF), and
the total power (ITP) of the HRV spectrum.

Study device

The Cardiovascular Autonomic Nervous Function Multi-
Parameter Evaluation System Model R6000, manufactured
by REEM (Shenzhen) Healthcare Co., Ltd. (Shenzhen,
China), is a novel device developed for the diagnosis
and screening of CAN. The device features a wireless
respiratory flow sensor and a digital dynamometer
(Supplementary Figure S1), which transmit parameters
during maneuvers, including deep breathing, the Valsalva
maneuver, and sustained hand grip, thereby facilitating
human-—machine interaction.

During the examination, a wireless ECG patch continuously
collects ECG signals, whereas the blood pressure module
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intermittently measures blood pressure at prespecified
intervals. The device can automatically mark key time
points associated with maneuvers, identify and process
ECG artifacts, and generate a diagnosis upon completion
of the examination. Additionally, the software provides
HRYV analysis for different stages, such as supine rest and
the Valsalva maneuver.

As standardized stimuli are essential for achieving
reliable results, the design philosophy of the novel device
emphasized ensuring accurate performance during the
assessment. During the Valsalva maneuver, participants
are required to maintain an intraoral pressure of 40 mmHg
for 15 seconds. During this period, the examiner must
observe the participants closely to ensure the correctness
of the maneuver.” Controlling the breathing rhythm in the
deep breathing test also presents a challenge, as this test
requires a 1: 1 inhalation-to-expiration ratio, which differs
from that in the normal physiological state. Therefore, an
interactive design composed of wireless sensors, verbal
instructions, and animations was implemented to promptly
recognize substandard maneuvers, provide reminders, and
terminate nonstandard stimuli. Specifically, a respiratory
flow sensor was designed to transmit real-time data to
the screen, displaying the intraoral pressure during the
Valsalva maneuver and the respiratory curve during the
deep breathing test. This represents one of the features
that provides objective indicators during the tests, thereby
assisting in the standardization of the maneuvers.

Statistical analysis

The data were analyzed via R version 4.0.0 (R Foundation
for Statistical Computing, Vienna, Austria). Descriptive
statistics were computed for continuous variables (means
T standard deviations) and categorical variables (frequency
and percentage). Paired data were analyzed using the paired
ttest or Wilcoxon signed-rank test for continuous variables
and the McNemar test for categorical variables. Agreement
measurements included Cohen’s kappa coefficient for
categorical scales and the intraclass correlation coefficient
(ICC) for continuous variables such as five indices in
CARTSs and the HRV parameters. The sensitivity and
specificity were calculated to evaluate the diagnostic
performance. The significance level was set at 0.05 (two-
tailed). The coefficients of variation (CVs) were calculated
to evaluate reproducibility.

For the primary outcome, the agreement of CAN diagnoses
between the two methods in Part I was assessed by Cohen’s
kappa, which is commonly used for categorical data, and
a target agreement level of 75% was set. The sample size
was calculated using PASS 15 software with a significance
level o of 0.05 and a power of 0.8. On the basis of a pilot
study indicating a 16% positive rate, the minimum sample

Table 1: Participant characteristics

Part | (n = 150) Partll (n = 44)
Age, years (Mean = SD) 50.25+13.65 34.86+8.80
Sex, n (%)

Male 84 (56.0%) 21 (47.7%)
Female 66 (44.0%) 23 (52.3%)
mﬂ;;igsrference, cm 84.41+25.37 80.98+10.22
BMI, kg/m? (Mean + SD) 25.18+4.52 23.40+3.68

Diabetes type, n (%)
TID 14 (9.3%) 0
T2D 122 (81.3%) 0
Unclassified diabetes 2 (1.4%) Y
Nondiabetes 12 (8.0%) 44 (100%)

SD, standard deviation; BMI, body mass index; T1D, type 1 diabetes; T2D,
type 2 diabetes.

size was 146 participants, adjusting for a 20% dropout rate.

RESULTS

Baseline characteristics of the study participants
In the first part of the study, 151 subjects were screened,
150 of whom completed the CARTs and a 5-min HRV
examination, while one subject was excluded due to retinal
hemorrhage. The average age of the subjects was 50.25
years, 50% were male, and 81.3% had been diagnosed with
type 2 diabetes. In the second part, 44 healthy subjects were
included, with an average age of 34.86 years, and 47.7%
were male. The clinical characteristics of all the subjects
are summarized in Table 1.

Part1

The investigational device recorded parameters related
to the maneuvers performed during the CARTSs. The
actual recorded time for the Valsalva maneuver was 15
seconds, and deep breathing was paced at 6 breaths per
min, adhering to the protocol. The average grip strength
recorded was 7.86 £ 1.76 kgf, closely matching the standard
value of 7.88 & 1.97 ket, which corresponds to 30% of the
subjects’ maximum grip strength. Additionally, the intraoral
pressure measured during the Valsalva mancuver was
38.30 * 3.04 mmHg, which aligns with the recommended
standard of 40 mmHg.

The agreement between the investigational device and the
physician in measuring the R30: 15, VR, and I-E was high,
with ICCs of 0.969 (95% confidence interval [CI]: 0.957—
0.977), 0.991 (95% CI: 0.972-0.996), and 0.995 (95% CI:
0.991-0.997), respectively. All heart rate indices measured
by the study device were strongly correlated with those
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Table 2: Diagnosis of cardiovascular autonomic neuropathy

Study Physician’s diagnosis

device  Normal Early Definitive Severe Atypical Overall
Normal 39 0 0 0 0 39
Early 0 43 1 0 0 44
Definite O 0 16 0 0 16
Severe O 0 0 13 0 13
Atypical O 2 0 0 36 38
Overall 39 45 17 13 36 150

The classification criteria were defined according to Ewing and colleagues
(1985).

calculated by the physicians, with correlation coefficients
() above 0.9. Bland—Altman plots are presented to further
characterize the consistency between methods (Figure 1).

The five-category classification of CAN showed an
overall agreement of 98% between the study device and
the physician’s diagnosis, with a weighted kappa value of
0.972 (P < 0.001). For CAN defined by the presence of
at least two abnormal heart rate tests, Cohen’s kappa for
the diagnosis was 0.979 (P < 0.001). Using the physician’s
diagnosis as the “gold standard”, the proposed system
demonstrated a sensitivity of 96.6% and a specificity of
100% for CAN diagnosis. Table 2 compares the diagnostic
outcomes of the study device with those of the physician’s
diagnosis.

All the HRV indices generated by the study device
were strongly correlated with those calculated by the
reference device, with excellent agreement (ICC > 0.9)
(Supplementary Table S3).

Part 11

The indices measured by the study device demonstrated the
following ICCs in correlation with the reference method:
0.598 for R30: 15 (P < 0.001), 0.632 for VR (P < 0.001),
and 0.466 for I-E (P = 0.0065). The L.S-SBP had an ICC of
0.193 (P = 0.0714), whereas the SHG-DBP had an ICC of
0.368 (P = 0.0078). Moderate correlations were observed
between the research device and the conventional method
for R30: 15, VR, and I-E (r = 0.572-0.691). In contrast,
LS-SBP and SHG-DBP exhibited weak correlations (r =
0.268-0.379). A comparison of two sets of measurements
is illustrated using Bland—Altman plots (Figure 2).

Reproducibility

The reproducibility study involved two healthy female
and four healthy male subjects with an average age of 24
years. The reproducibility of the indices R30: 15, VR, and
I-E were high. Their CVs obtained from both the device
and reference methods are presented in Table 3. Notably,
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Figure 1: Bland—Altman plots of each heart rate index in Part . The plots
show differences in the heart rate indices measured with the study device
and the reference method in Part |, with the mean difference (dotted black
line) and the limits of agreement (dashed gray lines). (A) R30: 15, heart rate
response to standing; (B) VR, heart rate response to the Valsalva maneuver;
(C) I-E, heart rate response to deep breathing.
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Figure 2: Bland—-Altman plots of each index in Part Il. The plots show differences in the indices from the cardiovascular autonomic reflex tests measured with
the study device and the reference method in Part I, with the mean difference (dotted black line) and the limits of agreement (dashed gray lines). (A-C) R30:15,
VR and I-E stand for heart rate response to standing, the Valsalva maneuver and deep breathing, respectively. (D) LS-SBP. change in systolic blood pressure
during lying-to-standing; (E) SHG-DBP, diastolic blood pressure changes during sustained handgrip.
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Table 3: Reproducibility of heart rate tests

CV of the study CV of manual reference

device method* P
Indices Mean+SD Range Mean+SD Range
R30:15 11%+6% 3%-19% 12%+4% 6%-15% 0.8856
VR 9% +3% 3%-11% 9% =+3% 4%-12% 0.9168
I-E 14%+6% 4%-20% 23%+8% 11%-35% 0.0449

*, The reference method is described in Part I. CV, coefficient of variation; SD,
standard deviation; R30:15, heart rate response to standing; VR, heart rate
response to the Valsalva maneuver; I-E, heart rate response to deep breathing.

the reproducibility of the I-E measured manually was
significantly greater than that of the device measurements
(CV: 14% vs. 23%, P = 0.0449).

Efficiency

Using the study device, a single examiner was able to
complete a battery of CARTSs within an average of 34.8
minutes, and the study device automatically presented
the final diagnosis immediately upon completion. In
comparison, the reference methods outlined in Part I and
Part II required two examiners and took 67.8 minutes for
ECG reading and manual calculations to make a diagnosis.

DISCUSSION

This study demonstrated that the investigational device
provides a reliable and efficient method for assessing
cardiovascular autonomic function. In particular, CAN
diagnosis by the study device has high sensitivity, specificity
and reproducibility.

In Part I, the physician’s diagnosis was used as a reference.
The results showed that the study device can accurately
measure and calculate heart rate indices of CARTSs (Cohen’s
kappa of 0.979, P < 0.001) and has a high degree of
accuracy in diagnosing CAN (96.6% sensitivity and 100%
specificity). Additionally, the HRV analysis algorithm of
the investigational device has been proven to be highly
consistent with the control device approved by the Center
of Medical Device Evaluation of China’s National Medical
Products Administration (intraclass correlation > 0.9).

In Part II, maneuvers were strictly standardized by the
device under investigation, whereas the conventional
method utilized basic devices in clinical practice without
monitoring functions. Forty-four subjects underwent
CARTSs via both methods in a randomized order. The
correlations (7 0.268-0.691) and consistencies (ICC: 0.193—
0.632) between the indices measured by the study device
and the control method were found to be weaker than those
observed in Part 1. This discrepancy can be attributed to
several reasons. First, the standardization of maneuvers
in Part IT was not as stringent as that in Part I, potentially

leading to erroneous indices due to substandard stimuli.
Second, physiological variations could play a significant
role, as the data were not recorded synchronously between
the two methods. Among the five indices, the poorest
correlation was found for the two blood pressure indicators
(r=0.268 and 0.379). The difference in the time taken for
cuff inflation and blood pressure readings could further
explain the greater discrepancy observed in these indices.

On the basis of the combined findings from both parts of
the study, it is evident that the measurement consistency
between the study device and the conventional method
was inadequate owing to differences in the standardization
of maneuvers. However, once this factor was controlled,
measurements of the investigational device strongly agreed
with the physician’s diagnosis, highlighting the significant
impacts of maneuver standardization on examination
outcomes. Overall, these findings emphasize the critical role
of real-time monitoring and standardization in ensuring
the accuracy of CARTs.

The reproducibility data from published articles indicate
that in normal subjects, the CVs are 16.0%—16.6% for I-E,
8.0%—15.4% for the Valsalva ratio, and 5.39%-9.0% for
R30: 15.24%1Tn our research, the CVs for heart rate indices
measured by the study device ranged from 3%—20%,
suggesting high reproducibility. In contrast, the control
method showed poorer reproducibility, with CVs ranging
from 4%—35%. Notably, the CV for the I-E measured by
the device under investigation was significantly greater
than that of the control (14% u»s. 23%, P = 0.0449). Since
maneuvers in the CARTs were identically standardized in
both groups, the observed differences may be attributed
to variations in the timing of marking the switch between
inhalation and exhalation, as well as the method used
for measuring RR intervals of ECG. Although data on
the reproducibility of blood pressure measurements were
not collected in our study, previous studies reported that
blood pressure tests, especially the sustained handgtip test,
have relatively poor reproducibility."” The proposed system
standardizes procedures by providing real-time feedback on
grip force, ensuring consistent effort within the target range
across trials. Additionally, the device minimizes observer-
related variability by automating blood pressure measurements
at predefined intervals, reducing potential timing discrepancies.
These improvements might contribute to more reliable and
reproducible assessments of sympathetic function and should
be explored in future studies.

Given that our device enables real-time monitoring of
dynamic grip force changes, it offers a potential avenue for
further investigation into the factors contributing to this
variability. We have clarified this point in the discussion
section.
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The study device has shown superiority in terms of time
efficiency and reduced personnel requirements. A single
examiner using R6000 was able to complete the tests in
an average of 34.8 minutes, which is much shorter than
the 67.8 minutes required by the conventional method,
which necessitated two examiners. In contrast to the study
device, which automatically presented the final diagnosis
immediately upon completion, the reference method
required an extra 33 minutes for ECG reading and manual
calculations. This finding emphasizes the potential of
the tested device to streamline the testing process while
requiring fewer personnel.

Efforts have been made to develop an automated
system for CARTs and HRV in the last century. O’Brien
et al" described an early automated system using a
microcomputer, a cardiac ratemeter and an interface
unit. While this system demonstrated the feasibility of
automated R-R interval measurement and HRV analysis,
it was limited in its scope, focusing primarily on hardware
integration without addressing a systematic diagnostic
solution. Gertitsen ¢f a/" introduced a PC-based system
that uses a hardware QRS detector and an arterial pressure
monitoring device. Their system applied offline data
processing and verification through visual inspection. In
contrast, our device offers comprehensive automation,
which integrates standardized real-time feedback for
maneuver execution and simultaneous data processing into
a unified framework.

One of the reasons that CAN remains underdiagnosed is
the limited availability of trained experts for cardiovascular
tests.'** The wireless sensors and interactive design of the
study device enable continuous monitoring during the tests
and provide real-time feedback and instant instructions
to correct the maneuvers. By utilizing this device, medical
staff with basic training can conduct highly standardized
tests, thereby promoting early and wider screening of
CAN in high-risk populations. This is significant for
increasing medical accessibility and optimizing resource
allocation. Currently, effective therapies for CAN are
limited. Challenges in drug development arise in part from
the time-consuming examination process and the absence
of standardized tools. The enhanced efficiency offered by
the study device not only streamlines the clinical workflow
but also facilitates quicker and more accurate evaluation
of therapeutic efficacy.

Currently, research on automated CARTs devices has
not systematically explored their impact on diagnostic
efficacy or clinical resource optimization. Our study is
among the first to provide practical evidence of how such
a device can improve diagnostic efficiency and facilitate
the early screening and management of CAN. This not

only introduces new possibilities for clinical application

but also provides a valuable reference for future research
in this field.

This research has several limitations. First, the study
focused mainly on a specific population—patients with
type 2 diabetes and healthy subjects. However, CAN is also
common in other conditions, such as panautonomic failure,
Parkinson’s disease and systemic amyloidosis. As a result,
the findings are specific to the study population included
in this study, and future research is needed to verify the
accuracy and reliability of the device in a broader range
of populations. Second, Part II of the study included only
healthy subjects, necessitating further research in patients
with pathological conditions. Third, the reproducibility
study did not involve blood pressure indices. One reason
why the sustained handgrip test has not been considered
an essential part of the cardiovascular test battery in
recent years is its limited reproducibility.”"*" The real-
time monitoring of dynamic grip force changes offers a
potential avenue for further investigation into the factors
contributing to this variability. Furthermore, whether the
reproducibility of blood pressure tests can be improved by
standardizing maneuvers and ensuring consistency across
trials warrants further investigation.

CONCLUSION

In conclusion, this study introduces a novel diagnostic
tool, the Cardiovascular Autonomic Nervous Function
Multi-Parameter Evaluation System, Model R6000, for
CAN evaluation. The device shows excellent accuracy and
reproducibility for CAN assessment. The integration of
wearable monitoring modules with wireless transmission
significantly enhances efficiency by standardizing
maneuvers and eliminating the need for time-consuming
manual measurements. This novel device will facilitate the
evaluation of therapeutic efficacy and promote streamlined
clinical workflows.
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