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Coherence analysis of peripheral 
blood flow signals is a potential 
method for evaluating 
autonomic nervous system 
function
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Na Tu1,4, Yuhan Liu1,4, Zixin Huo1,4, Xiaojing Song1, 
Shuyou Wang1, Weibo Zhang1, Xue Cao2, Enshi Lu2, 
Xiaoliang Zhao2, Shuyong Jia1*, Liyun He2* and 
Guangjun Wang1*
1Institute of Acupuncture and Moxibustion, China Academy of Chinese Medical Sciences, Beijing, 
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4School of Acupuncture-Moxibustion and Tuina, Tianjin University of Traditional Chinese Medicine, 
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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 reflects cardiac activity, and it 
is difficult to comprehensively capture the functional information of peripheral 
vascular regulation of ANS.
Methods: This study explored the feasibility of using peripheral blood flow 
signals to evaluate the function of ANS. The ANS function of healthy subjects 
was artificially intervened by giving glucose solutions at different temperatures. 
Subsequently, the correlation between peripheral blood flow signals and HRV 
was further explored. Finally, the quantitative relationship was verified by using 
an independent dataset.
Results: Coherence analysis shows that within a specific frequency band, the 
peak values of peripheral blood flow signals are significantly correlated with HRV.
Discussion: This study shows that peripheral blood flow 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

  

      

    

Abbreviations: SkBF, skin blood flow; FFT, Fast Fourier Transform; DF, 
dominant frequency; PF, The frequency value corresponding to the peak 
coherence of blood flow within the frequency range of 1.0–1.5; RMSSD, 
root mean square of successive differences; ST 36, Zusanli acupoint; ECG, 
electrocardiogram; EGG, electrogastrogram; HRV, heart rate variability.
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2 Methods

2.1 Ethics approval

  

  

2.2 Subject inclusion and exclusion criteria

  

2.3 Participants and design

 

   

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.

      

    

2.5 Electrogastrogram measurement 
protocol and analysis
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2.6 PNS index (PNSi) and SNS index (SNSi) 
analysis

  
       

  

  

      

2.7 Establishment and verification of the 
linear regression equation

    

  

2.8 Statistical analysis

  

   

3 Results

3.1 Participants

  

3.2 EGG results

  

  
  

  

  

3.3 PNSi and SNSi

   

3.4 Correlation between PF and SNSi/PNSi

Frontiers in Physiology 05 frontiersin.org

https://doi.org/10.3389/fphys.2025.1658174
https://doi.org/10.6084/m9.figshare.14863581.v2
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Lyu et al. 10.3389/fphys.2025.1658174

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)

FIGURE 2
(A) RR interval of the ECG in channel 1; (B) Pre-stimulus PNSi, F (2, 57) = 0.93, P > 0.05; (C) After stimulation, F (2, 57) = 5.16, Pcorr<0.05; (D) Pre-stimulus 
SNSi, F (2, 57) = 0.74, P > 0.05; (E) After stimulation, F (2, 57) = 5.98, Pcorr<0.05. Pcorr: corrected P value.
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3.5 Linear regression and validation

   

  

4 Discussion

  

4.1 ECG and EGG changes due to glucose 
stimulation by drinking water at different 
temperatures

 

  

      

 

  

  

     

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 (2, 57) = 1.3, P > 
0.05; (D) PF after stimulation, F (2, 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,  = 6.48, R2 = 0.779, P = 1.6 × 10−40; (B) Linear regression analysis of PF and the PNSi,  = −5.27, R2 =
0.686, P = 1.85 × 10−31; (C) Estimated vs. real SNSi in the dataset; (D) Estimated vs. real PNSi in the dataset.

  

     

4.3 Potential of SkBF signals for assessing 
ANS function
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4.4 Strengths and limitations

 

  

5 Conclusion

Data availability statement

 

Ethics statement

 

Author contributions

Funding

Frontiers in Physiology 10 frontiersin.org

https://doi.org/10.3389/fphys.2025.1658174
https://doi.org/10.6084/m9.figshare.28636658.v2
https://doi.org/10.6084/m9.figshare.28636658.v2
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Lyu et al. 10.3389/fphys.2025.1658174

Acknowledgments

 

Conflict of interest

 

Generative AI statement

 

Publisher’s note

Supplementary material

References

 

 

 

 

 

Frontiers in Physiology 11 frontiersin.org

https://doi.org/10.3389/fphys.2025.1658174
https://www.frontiersin.org/articles/10.3389/fphys.2025.1658174/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphys.2025.1658174/full#supplementary-material
https://doi.org/10.1007/s00018-015-1885-3
https://doi.org/10.1007/s00018-015-1885-3
https://doi.org/10.1186/s40810-015-0015-7
https://doi.org/10.1152/ajpregu.00205.2005
https://doi.org/10.1109/tbme.2018.2814479
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1016/j.autneu.2021.102893
https://doi.org/10.1371/journal.pone.0240220
https://doi.org/10.1161/01.cir.29.6.847
https://doi.org/10.1053/j.gastro.2006.03.008
https://doi.org/10.3389/fphys.2023.1040425
https://doi.org/10.1016/j.autneu.2017.03.005
https://doi.org/10.1111/apha.12290
https://doi.org/10.1016/j.jacc.2018.12.064
https://doi.org/10.1016/j.autneu.2015.11.002
https://doi.org/10.1152/ajplegacy.1944.141.4.518
https://doi.org/10.1186/s40101-019-0193-2
https://doi.org/10.1016/s1003-5257(13)60042-2
https://doi.org/10.3389/fphys.2017.00392
https://doi.org/10.1038/s41598-023-28758-y
https://doi.org/10.32614/CRAN.package.fdrtool
https://doi.org/10.1073/pnas.86.18.7280
https://doi.org/10.1152/ajpregu.00544.2010
https://doi.org/10.5688/aj710478
https://doi.org/10.1113/jp273052
https://doi.org/10.1016/j.cmpb.2004.03.004
https://doi.org/10.1016/j.jtherbio.2023.103755
https://doi.org/10.1155/2011/156869
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Lyu et al. 10.3389/fphys.2025.1658174

 

 

ῤ῏ 

 

Frontiers in Physiology 12 frontiersin.org

https://doi.org/10.3389/fphys.2025.1658174
https://doi.org/10.1109/IEMBS.2009.5333455
https://doi.org/10.1249/00005768-198206000-00005
https://doi.org/10.1007/s11517-006-0119-0
https://doi.org/10.1016/j.archoralbio.2022.105490
https://doi.org/10.1113/JP284745
https://doi.org/10.3389/fphys.2018.01334
https://doi.org/10.1042/ cs1000335
https://doi.org/10.1042/ cs1000335
https://doi.org/10.3389/fpubh.2017.00258
https://doi.org/10.1109/tnsre.2010.2047173
https://doi.org/10.1152/advances.1999.277.6.S164
https://doi.org/10.1152/advances.1999.277.6.S164
https://doi.org/10.1007/BFb0050157
https://doi.org/10.1161/HYPERTENSIONAHA.123.21723
https://doi.org/10.4414/smw.2004.10321
https://doi.org/10.1016/j.mvr.2014.07.003
https://doi.org/10.1016/j.amjhyper.2004.03.678
https://doi.org/10.1016/j.cmpb.2013.07.024
https://doi.org/10.3389/fphys.2017.00749
https://doi.org/10.2174/1573403X16999201231203854
https://doi.org/10.1590/s0102-76382009000200018
https://doi.org/10.1186/1472-6882-13-327
https://doi.org/10.1016/S1003-5257(17)30099-5
https://doi.org/10.1113/jphysiol.2006.117390
https://doi.org/10.1111/j.1469-7793.2000.t01-1-00355.x
https://doi.org/10.1111/j.1469-7793.2000.t01-1-00355.x
https://doi.org/10.1111/psyp.13599
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

	1 Introduction
	2 Methods
	2.1 Ethics approval
	2.2 Subject inclusion and exclusion criteria
	2.3 Participants and design

	3 Results
	3.1 Participants
	3.2 EGG results

	4 Discussion
	4.1 ECG and EGG changes due to glucose stimulation by drinking water at different temperatures

	5 Conclusion

