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Introduction: The autonomic nervous system (ANS) is crucial for maintaining
homeostasis in the body and plays an important role in cardiovascular diseases.
Although heart rate variability (HRV) is a commonly used non-invasive clinical
tool to evaluate the function of ANS, it mainly refects cardiac activity, and it
is diffcult to comprehensively capture the functional information of peripheral
vascular regulation of ANS.

Methods: This study explored the feasibility of using peripheral blood fow
signals to evaluate the function of ANS. The ANS function of healthy subjects
was artifcially intervened by giving glucose solutions at diferent temperatures.
Subsequently, the correlation between peripheral blood fow signals and HRV
was further explored. Finally, the quantitative relationship was verifed by using
an independent dataset.

Results: Coherence analysis shows that within a specifc frequency band, the
peak values of peripheral blood fow signals are signifcantly correlated with HRV.
Discussion: This study shows that peripheral blood fow signals analysis provides
a new non-invasive way to evaluate the function of ANS. This method not
only complements the limitations of traditional HRV analysis, but also hopes to
promote the construction of a more comprehensive and multi-dimensional ANS
functional evaluation system.
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GRAPHICAL ABSTRACT

1 Introduction
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Abbreviations: SkBF, skin blood fow; FFT, Fast Fourier Transform; DF,
dominant frequency; PF, The frequency value corresponding to the peak
coherence of blood fow within the frequency range of 1.0—1.5; RMSSD,
root mean square of successive diferences; ST 36, Zusanli acupoint; ECG,
electrocardiogram; EGG, electrogastrogram; HRV, heart rate variability.
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2.2 Subject inclusion and exclusion criteria
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2.3 Participants and design
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2 Methods
2.1 Ethics approval
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2.4 Protocol for measurement and analysis
of blood perfusion
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FIGURE 1

Experimental design and signal recording location: (A) Experimental design; (B) Recording location of blood perfusion signals at ST36 on both sides;

(C) Location of the skin electrode for EGG recording.
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2.5 Electrogastrogram measurement
protocol and analysis
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2.6 PNS index (PNSi) and SNS index (SNSi)
analysis
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2.7 Establishment and verifcation of the
linear regression equation
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2.8 Statistical analysis
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3 Results
3.1 Participants
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3.3 PNSi and SNSi
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3.4 Correlation between PF and SNSi/PNSi
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TABLE 1 Sex, age, height and weight distributions.

Group ’ n Sex (female/male) | Age (years, mean + SD) Height (cm, mean = SD) = Weight (kg, mean + SD)

0o 0o oo ooiomo 0o0monomo Joioionom;

oo 0o 0ooo OO0 000momo 00oioooo

oo 0o 0ooo 0o 000momoo 00ioi0oaim
FIGURE 2
(A) RR interval of the ECG in channel 1; (B) Pre-stimulus PNSi, F , 57 = 0.93, P > 0.05; (C) After stimulation, F (, 57) = 5.16, P.,,<0.05; (D) Pre-stimulus
SNSi, F (5 57) = 0.74, P > 0.05; (E) After stimulation, F (, 57) = 5.98, P.,,<0.05. P, corrected P value.
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4.2 Quantitative methods for analysing
SkBF signals
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FIGURE 3
The correlations between the PNSi/SNSi and PF. (A) Blood perfusion levels on both sides; (B) Diagram of PF; (C) PF before stimulation, F , 57) = 1.3, P >

0.05; (D) PF after stimulation, F , 57 = 5.36, P = 0.0074; (E—H) Correlation analysis results before stimulation at 4 °C group, 10 °C group, 30 °C group,
and all groups, respectively; (I-L) Correlation analysis results after stimulation at 4 °C group, 10 °C group, 30 °C group, and all groups, respectively.
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FIGURE 4

(A) Linear regression analysis of PF and the SNSi, 0 = 648, R?> = 0.779, P = 1.6 x 107; (B) Linear regression analysis of PF and the PNSi, [ = -5.27, R? =
0.686, P = 1.85 x 1073!; (C) Estimated vs. real SNSi in the dataset; (D) Estimated vs. real PNSi in the dataset.
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4.3 Potential of SkBF signals for assessing
ANS function
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