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Abstract: The goal of our study was to investigate gender-related specificities of photoplethysmogram (PPG) spectral assessment dynamics 
in healthy individuals during the passive tilt test. 
Material and Methods — The study involved 38 men (33±7 years old) and 15 women (27±8 years old). The PPG signal was recorded for 10 
minutes in the horizontal and vertical positions of the human body (passive tilt test). The following spectral parameters of PPG were 
calculated: HF%, LF%, and LF/HF. 
Results — In the horizontal body position, men had significantly higher values of the LF% index. In the course of the passive tilt test, an 
increase in HF% was observed by almost 1.5 times in men and by more than 5 times in women. Significant differences in the values of 
vegetative indicators were achieved: in women, HF% values exceeded those in men, while LF% values were noticeably lower. 
Conclusion — Men displayed signs (assessed by LF%) of augmented sympathetic activity, relative to women, at all stages of their passive tilt 
test. During the transition from the horizontal to the vertical position, a significant increase in respiratory influences (assessed by HF%) on 
PPG signal components was established, which was more pronounced in women.  
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Introduction  

The study of interactions among various oscillatory processes 
in the human cardiovascular system has been attracting an 
attention of scientists for many years [1, 2]. The study of the 
principles of regulatory processes interaction, manifested in the 
form of distal vascular bed oscillations, is of great fundamental and 
applied importance, allowing to indirectly evaluate the autonomic 
nervous system functioning. 

It is known that there are oscillations at a frequency of about 
0.1 Hz in the basic heart rhythm (isolated from the RR intervals of 
the electrocardiogram) and peripheral vascular bed. These 
oscillations actively interact with each other and tend to 
synchronize [3]. It is assumed that synchronization degree of these 
oscillations, along with a presence and direction of connections 
between oscillations in heart rhythm and peripheral vascular bed, 
can be one of the quality indicators of the cardiovascular system 
autonomic regulation [3]. Previously, we have already conducted a 
study on the interactions of oscillatory processes in healthy 

individuals during a functional fitness test. We analyzed the 
interactions between oscillations in heart rate variability, 
peripheral vascular bed and respiration in different frequency 
ranges: high frequency (HF; 0.14-0.40 Hz) and low frequency (LF; 
0.04-0.14 Hz). The identified complex cardiorespiratory 
interactions have demonstrated a decline in the average 
coherence level, as well as a change in the structure of directional 
connections between fluctuations in the LF and HF ranges in 
respiration, heart rate, and peripheral blood flow, which 
characterized the properties of adaptive processes in the 
cardiovascular system [4].  

Besides, in addition to the described methods, for an indirect 
assessment of the autonomic regulation functional activity via 
spectral analysis of the distal vascular bed oscillations, there is also 
the method of a digital photoplethysmography [5]. Previously 
mentioned high-frequency (HF) and low-frequency (LF) oscillations 
in the photoplethysmogram (PPG) signal are of particular interest, 
since they show their potential for the clinical practice [6]. The 
genesis of HF oscillations is traditionally associated with the 
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mechanical effect of respiration on the peripheral blood flow [7]. 
LF oscillations are present in various cardiovascular system 
processes, such as heart rate, arterial pressure and peripheral 
blood flow [8]. LF oscillations in the heart rate and arterial 
pressure are caused by the properties of baroreflex regulation [9], 
along with sympathetic modulation of peripheral vascular tone [7, 
10]. Natural myogenic oscillations of the vascular wall in the 
microvasculature vessels [11] and oscillations of blood filling in the 
distal arteries contribute to similar oscillations in PPG [12]. At the 
same time, the functional autonomy of LF oscillations in the heart 
rhythm and peripheral blood flow, assessed by the PPG signal, is 
shown in some studies [13]. We should also mention the hormonal 
status influence of men and women in different periods of their 
lives on the indices of autonomic regulation of blood circulation, 
assessed primarily by heart rate variability [14]. However, the 
gender-related specificities of the assessments of autonomic 
nervous system status, obtained by the spectral analysis of the 
PPG signal, have not yet been specified. 

In the clinical practice, the proper standard for diagnosing 
autonomic regulation disorders, as well as assessing the adaptive 
reserves of the human body, is achieved by conducting functional 
tests, for example, a passive tilt test [15]. Hence, the goal of our 
study was to investigate the properties of the cardiovascular 
system autonomic regulation in healthy individuals by analyzing 
the spectral characteristics of the PPG signal during the passive tilt 
test. 

 

Material and Methods 

The study encompassed 53 apparently healthy individuals 20 
to 50 years old: 38 men (33±7 years) and 15 women (27±8 years). 
Criteria for inclusion of the subjects in the study were their written 
informed consent, ages of 20-50, and absence of pathologies of all 
organs and systems.  

In all subjects, the PPG signal was recorded in transmitted light 
during 10 min by a PPG sensor placed on a distal phalanx of the 
right-hand middle finger. Signals were recorded in two positions of 
the human body: horizontal and vertical (passive tilt test). All 
studies were carried out under standard conditions: in a dark 
room, with spontaneous breathing (absence of forced breathing 
and breath holding during the registration). To exclude the 
influence of circadian factors, signals were recorded over the time 
interval from 15 to 16 hours. Signals were recorded using a 
multichannel electroencephalograph-analyzer EEGA-21/26 
Encephalan-131-03, model 10 (Medicom-MTD, Russia), with a set 

of standard sensors with a frequency of 250 Hz at a 12-bit 
resolution.  

The analysis included recordings of PPG signals without 
interference, extrasystoles, noticeable linear trend, and transient 
processes. The signals were filtered in the 0.04–0.4 Hz band. The 
following indicators were analyzed: HF% (high-frequency band, 
0.15–0.4 Hz, in percentage of total spectral power, 0–0.4 Hz); LF% 
(low-frequency band, 0.04–0.15 Hz, in percentage of total spectral 
power, 0–0.4 Hz); and LF/HF ratio. 

Statistical analysis was performed using Microsoft Office Excel 
2007 (Microsoft, USA) and STATISTICA 6.0 (StatSoft Inc., USA). 
Quantitative variables are presented in form of a mean with 
standard deviation, M±SD, for normally distributed data, or as a 
median with lower and upper quartiles, Me (LQ, UQ) for 
distributions other than normal. For quantitative variables, the 
statistical significance of differences between the groups was 
assessed using the Mann-Whitney U test. The differences were 
considered significant at p<0.05.  

 

Results 

Analysis of PPG signals, regardless of body position, revealed 
some gender specificities. For example, in the horizontal body 
position in men, unlike women, statistically significantly higher 
values of the LF% were discovered. A similar trend was observed 
when assessing the LF/HF ratio. When analyzing the HF% index, 
men exhibited lower values than women, although the differences 
were not statistically significant (Table 1). 

The passive tilt test demonstrated general trends for both men 
and women. There was a statistically significant increase in HF% by 
almost 1.5 times in men and over 5 times in women. Besides, we 
observed an insignificant increase in LF% (p>0.05) and decrease in 
the LF/HF value (1.3 times in men and over 16 times in women) 
(Table 2). As for a vertical body position, gender-related 
differences were also uncovered in the achieved levels of 
autonomic indicators: in women, HF% values exceeded those in 
men, while LF% values were noticeably lower (Table 1). 

 

Discussion 

The presented results reflect the gender-related contribution 
of various regulatory processes to the formation of variability in 
peripheral blood flow in healthy people. Studying and analyzing 
these processes constitute an important clue for understanding 
the biophysical foundations of the regional blood circulation 
physiology in terms of participating central and local regulatory 
mechanisms.  

 

Table 1. Comparison of the PPG signal spectral parameters in men versus women during the passive tilt test 

Parameters 
Horizontal body position Vertical body position 

Men Women р Men Women р 
HF% 9.6 (5.0, 14.7) 13.4 (3.3, 61.2) 0.693 13.14 (8.2, 44.3) 69.5 (17.7, 82.3) 0.026 
LF% 53.1 (37.5, 61.7) 14.4 (8.0, 34.9) 0.003 54.85 (21.7, 62.5) 17.5 (9.3, 50.1) 0.029 
LF/HF 5.1 (1.8, 8.6) 4.4 (0.3, 6.2) 0.161 3.93 0.27 0.025 

 

Table 2. Intragroup dynamics comparison of the PPG signal spectral parameters during the passive tilt test 

HP, horizontal body position; VP, vertical body position. 

Parameters 
Men Women 

HP VP р HP VP р 
HF% 9.6 (5.0, 14.7) 13.14 (8.2, 44.3) 0.029 13.4 (3.3, 61.2) 69.5 (17.7, 82.3) 0.040 
LF% 53.1 (37.5, 61.7) 54.85 (21.7, 62.5) 0.901 14.4 (8.0, 34.9) 17.5 (9.3, 50.1) 0.694 
LF/HF 5.1 (1.8, 8.6) 3.93 0.205 4.4 (0.3, 6.2) 0.27 0.141 
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In our study, when assessing the contribution of LF oscillations 
to the PPG signal in the supine position, it was established that it 
was higher in men than in women. However, when moving to a 
vertical position, the increase of this indicator in both men and 
women was insignificant. At the same time, the contribution of HF 
oscillations, primarily characterizing the mechanical effect of 
respiration, was increasing in both groups. 

It is well known that, when the body moves from a horizontal 
to a vertical position, blood, under the influence of gravity, rushes 
to the lower sections and is accumulated largely in the venous bed 
of the lower extremities and internal organs [16]. A decline in 
central venous pressure leads to a decrease in the blood filling of 
the heart cavities and, as a consequence, to a reduction in the 
stroke volume of blood [17]. According to the literature, the 
normal time for blood redistribution is about 10-15 seconds [18]. 
In healthy people, these processes persist for 30-60 seconds [19] 
and are subsequently compensated by a number of mechanisms 
[20, 21], one of which is an increase in the sensitivity of carotid 
baroreceptors [17]. Reduced stretching and inactivation 
(unloading) of baroreceptors leads to vasoconstriction of the 
vessels in the abdominal organs [22] and to passive elastic recoil of 
accumulated blood in the lower extremities and abdominal organs, 
which partially compensates for the loss of central blood volume 
[23]. Weakening the effect on cardiopulmonary baroreceptors also 
promotes reflex vasoconstriction [24]. Blood pressure decrease 
usually occurs solely during a temporary mechanical imbalance of 
initial hypotension. After that, both systolic pressure and diastolic 
blood pressure, as a rule, increase slightly compared with the 
supine position. Despite the constant or even augmented blood 
pressure, increased sympathetic activity persists, which once again 
indicates the importance of the cardiopulmonary reflex [21].  

There is evidence that diastolic blood pressure correlates, to a 
greater extent, with the activity of the muscle sympathetic nerve 
[25] and, during a change in body position, has a tendency to a 
more pronounced increase in its values in comparison with systolic 
blood pressure [21]. Besides, we are aware of the dynamic 
relationship between the phases of respiration and the activity of 
the autonomic nervous system: an increase in the activity of the 
muscle sympathetic nerve at the end of expiration, its decrease at 
the end of inspiration [26], accompanied by a simultaneous 
increase in diastolic pressure during this phase [27]. These 
interrelationships may be caused by functionally unified 
mechanisms of autonomic control of the respiratory and 
cardiovascular systems [28, 29].  

As noted earlier, HF oscillations are associated with passive 
respiratory effects on the peripheral vascular bed [5]. Taking into 
account that the process of respiration in the peripheral 
bloodstream is associated, to a greater extent, with the venular 
bed, it is quite logical to expect a more pronounced increase in the 
values of HF oscillations (under an increase in diastolic pressure) 
with a relatively less pronounced surge in the values of LF 
oscillations in the process of adaptation to a body position change. 
Also, higher contribution of LF oscillations to the formation of the 
PPG spectrum at rest in men, relative to women, may be caused by 
an increased activity of the muscle sympathetic nerve [30].  

When comparing the LF% and HF% indicators in men and 
women in an upright position, we found significant differences in 
both indicators. We assumed that this phenomenon could be 
caused by the peculiarities of the humoral regulation mechanisms, 
which could be tested in a further study.  

The major limitation of our study was due to relatively small 
sample sizes of the groups. However, the obtained results 
achieved the required level of statistical significance, making it 
possible to consider sample sizes of groups sufficient for fulfilling 
the study goal.  

 

Conclusion 

In the course of our study, we identified gender specificities in 
the frequency components distribution of the PPG signal during 
the passive tilt test in healthy people. Men showed signs (assessed 
by the LF%) of augmented sympathetic activity, relative to women, 
at all stages of the test. During the transition from the horizontal 
to the vertical position, a significant increase in respiratory 
influences (assessed by HF%) on the PPG signal components was 
revealed, which was more pronounced in women. 

 

Conflict of interest 

The study was conducted as a part of fulfilling the R&D on the topic, 
‘Developing the Technology for Screening Health Status Based on the 
Assessment of Nonlinear Biophysical Properties of Blood Circulation 
Regulatory Processes for Primary Prevention of Chronic Cardiovascular 
Diseases’ at State Medical University of Saratov in compliance with the 
Government Procurement of the Ministry of Healthcare of Russian 
Federation for 2019-2021. 

 

Ethical approval 

The study design was approved by the Ethics Committee at State 
Medical University (Saratov, Russia). 

 

References 

1. Wessel N, Kurths J, Ditto W. Introduction: cardiovascular physics. 
Chaos 2007; 17(1): 015101. https://doi.org/10.1063/1.2718395.  

2. Khorev VS, Karavaev AS, Lapsheva EE, Galushko TA, Prokhorov MD, 
Kiselev AR, et al. Estimation of delay times in coupling between 
autonomic regulatory loops of human heart rate and blood flow using 
phase dynamics analysis. The Open Hypertension Journal 2017; 9: 16-
22. https://doi.org/10.2174/1876526201709010016.  

3. Kiselev AR, Karavaev AS, Gridnev VI, Prokhorov MD, Ponomarenko VI, 
Borovkova EI, et al. Method of estimation of synchronization strength 
between low-frequency oscillations in heart rate variability and 
photoplethysmographic waveform variability. Russ Open Med J 2016; 
5: e0101. https://doi.org/10.15275/rusomj.2016.0101.  

4. Kiselev AR, Borovkova EI, Simonyan MA, Ishbulatov YM, Ispiryan AYu, 
Karavaev AS, et al. Autonomic control of cardiorespiratory coupling in 
healthy subjects under moderate physical exercises. Russ Open Med J 
2019; 8: e0403. https://doi.org/10.15275/rusomj.2019.0403.  

5. Allen J. Photoplethysmography and its application in clinical 
physiological measurement. Physiol Meas 2007; 28(3): R1-R39. 
https://doi.org/10.1088/0967-3334/28/3/r01.  

6. Simonyan MA, Posnenkova OM, Kiselev AR. Photoplethysmography 
potential as a method for screening cardiovascular system pathology. 
Cardio-IT 2020; 7(1): e0102. Russian. 
https://doi.org/10.15275/cardioit.2020.0102.  

7. Bernardi L, Radaelli A, Solda PL, Coats AJ, Reeder M, Calciati A, et al. 
Autonomic control of skin microvessels: Assessment by power 
spectrum of photoplethysmographic waves. Clin Sci (Lond) 1996; 90(5): 
345-355. https://doi.org/10.1042/cs0900345.  

8. Bernardi L, Passino C, Spadacini G., Valle F, Leuzzi S, Piepoli M, et al. 
Arterial baroreceptor as determinants of 0.1 Hz and respirationrelated 
changes in blood pressure and heart rate spectra. In: Studies in Health 
Technology and Informatics (Series). Vol. 35: Frontiers of Blood 

https://doi.org/10.1063/1.2718395
https://doi.org/10.2174/1876526201709010016
https://doi.org/10.15275/rusomj.2016.0101
https://doi.org/10.15275/rusomj.2019.0403
https://doi.org/10.1088/0967-3334/28/3/r01
https://doi.org/10.15275/cardioit.2020.0102
https://doi.org/10.1042/cs0900345


 

ISSN 2304-3415, Russian Open Medical Journal 4 of 4 

2021. Volume 10. Issue 1 (March). Article CID e0115 
DOI: 10.15275/rusomj.2021.0115 

Physiology and Pathophysiology 

 

[ 

© 2021, LLC Science and Innovations, Saratov, Russia www.romj.org 
 

Pressure and Heart Rate Analysis. Amsterdam: IOS Press, 1997: 241-
252. https://doi.org/10.3233/978-1-60750-879-3-241.  

9. Kotani K, Struzik ZR, Takamasu K, Stanley HE, Yamamoto Y. Model for 
complex heart rate dynamics in health and diseases. Phys Rev E Stat 
Nonlin Soft Matter Phys 2005; 72(4 Pt 1): 041904. 
https://doi.org/10.1103/physreve.72.041904.  

10. Middleton PM, Chan GS, Steel E, Malouf P, Critoph C, Flynn G, et al. 
Fingertip photoplethysmographic waveform variability and systemic 
vascular resistance in intensive care unit patients. Med Biol Eng 
Comput 2011; 49(8): 859-866. https://doi.org/10.1007/s11517-011-
0749-8.  

11. Krupatkin AI. Blood flow oscillations – new diagnostic language in 
microvascular research. Regional blood circulation and 
microcirculation 2014; 13(1): 83-99. Russian. 
https://doi.org/10.24884/1682-6655-2014-13-1-83-99,  

12. Rhee S, Yang BH, Asada H. Theoretical evaluation of the influence of 
displacement on finger photoplethysmography for wearable health 
monitoring sensors. In: ASME International Mechanical Engineering 
Congress and Exposition, Symposium on Dynamics, Control, and 
Design of Biomechanical Systems. Nashville, Tennessee, November 14-
19, 1999. 
https://www.researchgate.net/publication/228434460_Theoretical_Ev
aluation_of_the_Influence_of_Displacement_on_Finger_Photoplethys
mography_for_Wearable_Health_Monitoring_Sensors.  

13. Karavaev AS, Prokhorov MD, Ponomarenko VI, Kiselev AR, Gridnev VI, 
Ruban EI, et al. Synchronization of low-frequency oscillations in the 
human cardiovascular system. Chaos 2009; 19(3): 033112. 
https://doi.org/10.1063/1.3187794.  

14. Saleem S, Hussain MM, Majeed SM, Khan MA. Gender differences of 
heart rate variability in healthy volunteers. J Pak Med Assoc 2012; 
62(5): 422-425. https://pubmed.ncbi.nlm.nih.gov/22755301.  

15. Cheshire WP Jr, Goldstein DS. Autonomic uprising: the tilt table test in 
autonomic medicine. Clin Auton Res 2019; 29(2): 215-230. 
https://doi.org/10.1007/s10286-019-00598-9.  

16. Van Lieshout JJ, Wieling W, Karemaker JM, Secher NH. Syncope, 
cerebral perfusion, and oxygenation. J Appl Physiol (1985) 2003; 94(3): 
833-848. https://doi.org/10.1152/japplphysiol.00260.2002.  

17. Cooper VL, Hainsworth R. Carotid baroreceptor reflexes in humans 
during orthostatic stress. Exp Physiol 2001; 86(5): 677-681. 
https://doi.org/10.1113/eph8602213.  

18. Stewart JM. Transient orthostatic hypotension is common in 
adolescents. J Pediatr 2002; 140(4): 418-424. 
https://doi.org/10.1067/mpd.2002.122643.  

19. Wieling W, Krediet CT, van Dijk N, Linzer M, Tschakovsky ME. Initial 
orthostatic hypotension: review of a forgotten condition. Clin Sci 
(Lond) 2007; 112(3): 157-165. https://doi.org/10.1042/cs20060091.  

20. Lind-Holst M, Cotter JD, Helge JW, Boushel R, Augustesen H, Van 
Lieshout JJ,. Cerebral autoregulation dynamics in endurance-trained 
individuals. J Appl Physiol (1985) 2011; 110(5): 1327-1333. 
https://doi.org/10.1152/japplphysiol.01497.2010.  

21. Stewart JM. Mechanisms of sympathetic regulation in orthostatic 
intolerance. J Appl Physiol (1985) 2012; 113(10): 1659-1668. 
https://doi.org/10.1152/japplphysiol.00266.2012.  

22. Hill L. The influence of the force of gravity on the circulation of the 
blood. J Physiol 1895; 18(1-2): 15-53. 
https://doi.org/10.1113/jphysiol.1895.sp000556.  

23. Donegan JF. The physiology of the veins. J Physiol 1921; 55(3-4): 226-
245. https://doi.org/10.1113/jphysiol.1921.sp001964.  

24. Victor RG, Mark AL. Interaction of cardiopulmonary and carotid 
baroreflex control of vascular resistance in humans. J Clin Invest 1985; 
76(4): 1592-1598. https://doi.org/10.1172/jci112142.  

25. Sundlöf G, Wallin BG. Human muscle nerve sympathetic activity at 
rest. Relationship to blood pressure and age. J Physiol 1978; 274: 621-
637. https://doi.org/10.1113/jphysiol.1978.sp012170.  

26. Eckberg DL. The human respiratory gate. J Physiol 2003; 548 (Pt 2): 
339-352. https://doi.org/10.1113/jphysiol.2002.037192.  

27. Michard F. Changes in arterial pressure during mechanical ventilation. 
Anesthesiology 2005; 103(2): 419-428. 
https://doi.org/10.1097/00000542-200508000-00026.  

28. Bachoo M, Polosa C. Properties of the inspiration-related activity of 
sympathetic preganglionic neurones of the cervical trunk in the cat. J 
Physiol 1987; 385: 545-564. 
https://doi.org/10.1113/jphysiol.1987.sp016507.  

29. Guyenet PG, Dernall RA, Riley TA. Rostral ventrolateral medulla and 
sympathorespiratory integration in rats. Am J Physiol 1990; 259(5 Pt 
2): R1063-R1074. https://doi.org/10.1152/ajpregu.1990.259.5.r1063.  

30. Wallin BG, Hart EC, Wehrwein EA, Charkoudian N, Joyner MJ. 
Relationship between breathing and cardiovascular function at rest: 
Sex-related differences. Acta Physiol (Oxf) 2010; 200(2): 193-200. 
https://doi.org/10.1111/j.1748-1716.2010.02126.x.  

 
Authors: 
Margarita A. Simonyan – MD, Researcher, Department of Atherocslerosis 
and Chronic Ischemic Heart Disease, Institute of Cardiological Research, 
Saratov State Medical University, Saratov, Russia. http://orcid.org/0000-
0002-9866-3069.  
Ekaterina I. Borovkova – PhD, Researcher, Department of Innovative 
Cardiological Information Technology, Institute of Cardiological Research, 
Saratov State Medical University, Saratov, Russia; Assistant Professor, 
Department of Dynamic Modeling and Biomedical Engineering, Saratov 
State University, Saratov, Russia. http://orcid.org/0000-0002-9621-039X.  
Yurii M. Ishbulatov – Researcher, Department of Innovative Cardiological 
Information Technology, Institute of Cardiological Research, Saratov State 
Medical University, Saratov, Russia, Saratov, Russia. 
https://orcid.org/0000-0003-2871-5465.  
Viktoriia V. Skazkina – PhD student, MSc, Assistant, Department of 
Innovations, Saratov State University, Saratov, Russia. 
http://orcid.org/0000-0001-9380-8292.  
Anatoly S. Karavaev – DSc, Professor, Leading Researcher, Department of 
Innovative Cardiological Information Technology, Institute of Cardiological 
Research, Saratov State Medical University, Saratov, Russia; Department of 
Dynamic Modeling and Biomedical Engineering, Saratov State University, 
Saratov, Russia; Senior Researcher, Laboratory of Nonlinear Dynamics 
Modelling, Saratov Branch of the Institute of RadioEngineering and 
Electronics of Russian Academy of Sciences, Saratov, 
Russia. http://orcid.org/0000-0003-4678-3648. 
Vladimir A. Shvartz – MD, DSc, Researcher, Department of Surgical 
Treatment for Interactive Pathology, A.N. Bakulev National Medical 
Research Center of Cardiovascular Surgery, Moscow, Russia. 
https://orcid.org/0000-0002-8931-0376.  
Anton R. Kiselev – MD, DSc, Head of Department of New Cardiological 
Informational Technologies, Institute of Cardiological Research, Saratov 
State Medical University, Saratov, Russia; Professor of Department of 
Dynamic Modeling and Biomedical Engineering, Saratov State University, 
Saratov, Russia; Head of Coordinating Center for Fundamental Research, 
National Medical Research Center for Therapy and Preventive Medicine, 
Moscow, Russia. http://orcid.org/0000-0003-3967-3950. 
 

 

https://doi.org/10.3233/978-1-60750-879-3-241
https://doi.org/10.1103/physreve.72.041904
https://doi.org/10.1007/s11517-011-0749-8
https://doi.org/10.1007/s11517-011-0749-8
https://doi.org/10.24884/1682-6655-2014-13-1-83-99
https://www.researchgate.net/publication/228434460_Theoretical_Evaluation_of_the_Influence_of_Displacement_on_Finger_Photoplethysmography_for_Wearable_Health_Monitoring_Sensors
https://www.researchgate.net/publication/228434460_Theoretical_Evaluation_of_the_Influence_of_Displacement_on_Finger_Photoplethysmography_for_Wearable_Health_Monitoring_Sensors
https://www.researchgate.net/publication/228434460_Theoretical_Evaluation_of_the_Influence_of_Displacement_on_Finger_Photoplethysmography_for_Wearable_Health_Monitoring_Sensors
https://doi.org/10.1063/1.3187794
https://pubmed.ncbi.nlm.nih.gov/22755301
https://doi.org/10.1007/s10286-019-00598-9
https://doi.org/10.1152/japplphysiol.00260.2002
https://doi.org/10.1113/eph8602213
https://doi.org/10.1067/mpd.2002.122643
https://doi.org/10.1042/cs20060091
https://doi.org/10.1152/japplphysiol.01497.2010
https://doi.org/10.1152/japplphysiol.00266.2012
https://doi.org/10.1113/jphysiol.1895.sp000556
https://doi.org/10.1113/jphysiol.1921.sp001964
https://doi.org/10.1172/jci112142
https://doi.org/10.1113/jphysiol.1978.sp012170
https://doi.org/10.1113/jphysiol.2002.037192
https://doi.org/10.1097/00000542-200508000-00026
https://doi.org/10.1113/jphysiol.1987.sp016507
https://doi.org/10.1152/ajpregu.1990.259.5.r1063
https://doi.org/10.1111/j.1748-1716.2010.02126.x
http://orcid.org/0000-0002-9866-3069
http://orcid.org/0000-0002-9866-3069
http://orcid.org/0000-0002-9621-039X
https://orcid.org/0000-0003-2871-5465
http://orcid.org/0000-0001-9380-8292
http://orcid.org/0000-0003-4678-3648
https://orcid.org/0000-0002-8931-0376
http://orcid.org/0000-0003-3967-3950

