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All daily physiological activities have some effects on the body, and traditional Chinese medicine believes that pulse diagnosis can
reflect the circulation of qi and blood throughout the body. This study aimed to explore the effects of five physiological activities,
namely, sleep, exercise, ingestion, defecation, and shower, on pulse waves of the radial artery. Thirty test subjects were recruited for
the study, and a wearable pulse signal measurement device was used for self-measurement of radial artery pulses before and after
various physiological activities. All collected data were subjected to fast Fourier analysis, which transformed each wave from its
time domain to frequency domain of 10 harmonics to describe the changes in pulse waves. The results were as follows: exercise and
sleep had larger but opposite effects on the pulse waves; defecation and sleep relaxed the body and had the same trend of effect on
the pulse waves. Both exercise and ingestion require energy to proceed, and both exert a burden on the body, and the pulse waves
showed the same trend of changes. In contrast, shower had a little effect on the pulse waves. Preliminary observation in this study
showed that relaxation of the body could increase high-level harmonics, whereas stress could increase low-level harmonics.
Further studies are warranted to unravel the physiological significance of this finding.

1. Background and Objectives

Pulse waves are a major basis of diagnosis in traditional
Chinese medicine (TCM), through which the conditions of
the visceral organs and meridians of the body can be un-
derstood. Pulse waves of the radial artery can reflect the
circulation of the qi and blood throughout the body.

All daily physiological activities can affect the body and
induce changes of energy distribution within visceral organs
and meridians and, in turn, changes in pulse waves. Thus,
the effects of daily physiological activities on the body can be
assessed by measuring and analyzing the pulse waves,
through which theories of TCM can be applied. The use of
modern technology and data analysis to understand the
wisdom of TCM can help it move towards evidence- and

data-based medicine. We used five daily physiological ac-
tivities, namely, sleep, exercise, ingestion, defecation, and
shower, to study their effects on pulse diagnosis.

Sleep is the most important way of rest for the human
body. Its objectives are fatigue relieving, spirit recovering,
and mind-body repairing. Among the previously mentioned
five activities, sleep is the most static activity that allows the
defensive qi back to yin for rest and restoration, and exercise
is the most active activity, which can increase cardiac output
and activate the meridians. The skeletal muscles require a
large amount of blood supply during exercise, so more blood
is diverted to the skeletal muscles and less is sent to the
visceral organs.

Ingestion is an important activity for maintaining life
and is the most important way to acquire materials for the
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body. Defecation, the activity of eliminating wastes from the
large intestine, is the most important way to get rid of wastes
from the body.

Taking a warm bath can relieve fatigue of the body and
recover one’s spirit. In terms of TCM, it can help the cir-
culation of the qi and blood. However, the possible effects of
taking a warm bath on the pulse waves and the possible
changes in the pulse waves that make one feel relieved re-
main to be explored.

Because the effects of physiological activities on pulse
diagnosis have not been clarified, the present study that used
five common physiological activities to explore the rela-
tionship between these activities and changes in pulse di-
agnosis can further the integration between pulse diagnosis
theory in TCM and modern physiology and offer more
scientific explanation on pulse diagnosis.

2. Methods

2.1. Experimental Design and Protocol. Thirty healthy young
adults aged 20-25 years were recruited, and their pulse
waves were measured before and after performing five
different physiological activities to explore the effects of
these activities on pulse waves. This study was approved by
the Institutional Review Board of China Medical University
and Hospital Research Ethics Committee (approval no.:
CMUHI107-REC2-144). Written consent for participation
was obtained from the test subjects.

2.2. Experimental Equipment and Evaluation Method. The
measuring instrument used was Freescan (Maisense Inc.,
product no. 311020; Zhubei City, Hsinchu County, Taiwan)
(Figure 1), which can simultaneously measure pressure waves
of the left radial artery and can be used as Lead I of elec-
trocardiography (ECG-I). For measuring, the right hand is
used to hold the Freescan instrument and press it on the radial
side of the left hand to let the piezoelectric material record
pressure changes in the artery (Figure 2). This pressure change
would vary in accordance with the flow speed of the arterial
blood, so the pressure waves can reflect the changes of pulse
waves. Different electric pressures of right and left hands can
be measured via electrodes of the instrument to obtain ECG-1.
Heart rate cycle of each heart beat can be calculated with
ECG-I. This method was used to dissect each pulse wave,
which was then used by fast Fourier analysis to obtain dif-
ferent characteristics of each pulse wave.

2.3. Experimental Protocol. Measurements before and after
taking a shower: before taking a shower, subjects sat still for
3 min and took one measurement of the pulse waves in
sitting position and then took a shower for 15-20 min. After
the shower, the subjects dried themselves and got dressed to
keep the body warm. If the hair was washed, the subjects
wrapped their hair with a towel, sat still for 3 min, and took
another measurement of pulse waves.

Measurements before and after defecation: Because the
need for defecation may be urgent, there was no need to sit
still for 3 min before taking the measurement of pulse waves.
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One measurement was taken while sitting on the toilet
before defecation actually happened. Another measurement
was taken right after defecation was done while the subject
was still sitting on the toilet. This ensured that pulse wave
measurement was taken most recent to before and after the
physiological activity.

Measurements before and after ingestion: before taking a
meal, the subjects sat still for 3 min and took one mea-
surement of the pulse waves in sitting position. All subjects
ate the same type of boxed lunch. After the meal, the subjects
sat still for 3 min and took another measurement of pulse
waves in sitting position.

Measurements before and after sleep: before sleep, the
subjects sat still on a bed for 3 min and took one mea-
surement of pulse waves. After waking up the next morning,
the subjects sat still on the bed for 3 min and took another
measurement.

Measurement before and after exercise: before exercise,
the subjects sat still for 3 min and took one measurement of
pulse waves. To simplify the exercise, all subjects jogged on a
treadmill at the speed of 8km/h for 10 min. After the ex-
ercise and before the heart rate returned to normal, the
subjects took another measurement of pulse waves.

2.4. Pulse Wave Analysis. Single pulse waves were cut out
using a computer program from measured data of ECG-I
and pulse wave data obtained by the instrument and sub-
jected to fast Fourier transform using Matlab [1], which
transforms each pulse wave from its time domain to fre-
quency domain of 10 harmonic amplitudes [2] to describe
the changes in pulse waves.

The heart pumps blood by contraction, and the blood
circulates throughout the body via blood vessels [3, 4]. From
anatomical structures, the blood pumped from the heart
takes a big turn at the aortic arch. The elastic arteries can
store the kinetic energy of the blood in the form of elastic
potential energy [5-8]. During the diastolic phase of the
heart, the elastic potential energy of the arteries is released
and the blood rebounds to close the aortic valve. Because the
arteries distribute the blood throughout the body, all con-
ditions of the body can affect the arteries. These effects in the
radial artery are expressed through pulse waves.

The Freescan is a portable instrument that requires one
hand to push on the other hand for measurement. The
pressure applied varies according to different people and
different times. There is no way to obtain the exact pressure
applied or the exact pulse pressure mean. Moreover, the
harmonic energy measured before and after a physiological
activity cannot be compared directly. To explore the dif-
ference of harmonic energy measured before and after a
physiological activity, this study used the total energy of all
harmonics as the base to differentiate the harmonic
weighting (HWt). The amplitudes of all frequencies are
added to obtain the total energy, and then, the ratio of each
harmonic to the total energy is calculated.

Harmonic ener
HWt = &Y

(1

Total energy of all harmonic’
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FiGUre 1: Illustration of the Freescan.

FIGURE 2: Freescan measurement: the right hand is used to hold the
Freescan instrument to measure pulse site on the left hand.

2.5. Statistical Analysis. Pulse waves of each individual is
different; even in the same individual, pulse waves are not
the same every time. To eliminate individual differences, this
study used multiple pulse waves from 30 individuals to
explore the effects of physiological activities on pulse waves.
However, the difficulty of this study was that no statistical
method completely fitted this pulse wave study. As the
harmonics of pulse wave are not normally distributed, this
study used Wilcoxon sign rank test which is a kind of
nonparametric statistics to determine if a physiological
intervention has an effect on the pulse wave.

3. Results

Single pulse wave was cut out using a computer program
from ECG-I and pulse wave data obtained by the instrument
and analyzed using fast Fourier transform to obtain different
harmonics. In some subjects, the pulse waves were too weak
or the ECG signals were not strong enough for their pulse
waves to be detected by the instrument. Thus, different
subjects could have different number of pulse waves mea-
sured before and after a physiological signal, which could
result in some invalid pulse waves. To compare the effect of a
physiological activity on pulse waves, we should choose the
most recent continuous 15 pulse waves before and after the
activity to eliminate the interferences of time. This method
not only takes into consideration the variability within the
subject but also increases the sample numbers. Since each
subject has the same amount of data, it may eliminate the
interferences caused by individual subject who was recorded
more successful pulse waves. Unfortunately, due to the
sensitivity of Freescan instrument, the signal strength of
pulse waves, and operational issues of participant, not all
subjects had received 15 pulse waves before and after a

physiological activity, so the missing data of the subjects
were excluded from our analysis. Therefore, in this study, we
only analyzed 19 cases in shower, defecation, and ingestion,
17 cases in sleep, and 20 cases in exercise. Although there
may be no data in certain fields in some subjects, the sta-
tistical analysis was not affected.

To understand the relative proportion of harmonics in
the overall condition of all subjects, this study collected pulse
waves measured before all physiological activities, some after
sitting still for 3 min, for calculation of the baseline of each
HWt. The results are shown in Table 1.

Table 2 lists the differences of all HWts (dHWt) before
and after five physiological activities. This is the average of
dHWts from all subjects.

dHWt = HWtafter activity - HWtbefore activity.  (2)

Nineteen subjects performed the shower activity, and 15
pulse waves were measured before and after the activity;
thus, there were 285 sets of data. Furthermore, 19 subjects
performed the defecation and ingestion activities, and each
had 285 sets of data. In addition, 17 subjects performed the
sleep activity and 20 performed the exercise activity, with
255 and 300 sets of data, respectively. Because the percentage
of different harmonics over total pulse wave energy were
different, to quantify the effects of different physiological
activities on different harmonics, we used the baseline HWt
of each subject before activity as the standard to calculate
standardization of dHWt and the results (sSHWt) are shown
in Table 3.

dHWt

sHWt = . 3
HWt before activity (3

The effects of five different physiological activities on
harmonics are shown in Table 4.

4. Discussion

Pulse waves vary among different subjects and even within
the same subject owing to different times of measurement.
Although the subjects were asked to sit still for 3 min before
taking measurements, many daily physiological activities
may have long-lasting effects on pulse waves that may not
recover after sitting still for 3 min.

Analysis of harmonics is a tool that can rapidly quantify
various pulse waves. This study used 1°~10™ harmonics to
describe one pulse wave that can be rapidly used to compare
and quantify changes of pulse waves before and after
physiological activities. Table 1 shows the HWt of preactivity
pulse waves; in general, the lower the harmonic, the higher
the HWt, and the lower the HWt, the lower the coefficient of
variance. This study defined low-level harmonics as those
with HWt CV <04 (1%-4" harmonics), and the rest
(5®-10" harmonics) were high-level harmonics. The low-
level harmonics are more difficult to be affected by different
subjects and different times.

All five physiological activities, namely, shower, defe-
cation, ingestion, sleep, and exercise, have an effect on pulse
waves. Although shower affected 6 HWts, none of them
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TaBLE 1: Baseline of harmonic weighting (HWt).
N=2349 1"HWt 2™ HWt 3“HWt 4"HWt 5"HWt 6"Hwt 7"HWt 8"HWt 9" HWt 10" HWt
Mean 44.45% 26.95% 12.84% 7.91% 4.01% 1.81% 0.89% 0.52% 0.35% 0.27%
SD 10.72% 5.99% 3.60% 2.94% 2.30% 1.46% 0.89% 0.65% 0.52% 0.46%
CV 0.24 0.22 0.28 0.37 0.57 0.80 1.01 1.24 1.49 1.72
TasLE 2: Differences of each HWt before and after various activities.
o dHWt
Activity (%) 1ot ond 3rd 4th 5th Gt ~th gth gth Lo
Shower (n=19) 1.30** 0.63 —-0.66"* —-0.32** —-0.42"* —-0.23** -0.10* -0.02 -0.03 -0.01
Defecation (n=19) -0.53 —-0.98* -0.01 0.67** 0.38"* 0.22%* 0.12%* 0.06* 0.02 0.001
Ingestion (n=19) 1.10* 2.53** -0.71** -0.31 -0.90"* -0.58"" -0.39%* -0.13** -0.09*" -0.07"*
Sleep (n=17) -1.50** —1.34%* 0.28 0.41* 0.47** 0.31%* 0.20** 0.15** 0.07** 0.06*
Exercise (n=20) 8.87*" 6.79"* -7.01%" -3.67** -2.90"" -1.51** —0.51** -0.12** —-0.004" 0.04
*p<0.05 **p<0.01.
TaBLE 3: Differences of each sHWt before and after various physiological activities.
.. sHWt (%)

Activity 1t ynd 3rd 4th 5th 6 Sth gth gth 10
Shower (n=19) 3% 2.8 —4.4*" —4.6"" —8.8"" -9.3** -8.5" -3.5 -8.4 -6.2
Defecation (n=19) -1.2 —3.8% -0.1 9.7%* 9.3%* 12.5%* 14.8** 14.8** 7.9 -0.5
Ingestion (n=19) 2.6" 10.1%* —4.9%* —4.3 -20.1%* -26.8"* -37.3** -29.3** -31.8%" —33.2%"
Sleep (n=17) —3.4"" —5.9*" 2 5.7" 9.9%* 11.4** 14.6™" 22.2%* 19.6™* 29.5"*
Exercise (n=20) 20.9%* 27.6* —43.9%* —51.8%* -71.3%* -76.3"* —63** -32.1** -2 22.8

*p<0.05 **p<0.01.

TaBLE 4: Effects of five different physiological activities on harmonics.

Effect

Activity Energy increased

Energy decreased

Shower (n=19) 1°* harmonic
Defecation (n=19)
Ingestion (n=19)
Sleep (n=17)

Exercise (n=20)

4t 5t et 7t and 8™ harmonic
1** and 2™ harmonic
qth 5t gth 7th gth 9th and 10" harmonic
1** and 2°¢ harmonic

3 4™ 5t g™t and 7™ harmonic
2°¢ harmonic
3 5t gth 7t gth 9th and 10" harmonic
1% and 2™ harmonic
3 4t 5th gth 7t gth and 9™ harmonic

exceeded 10%, which is quite a small change in pulse waves.
This may be the reason why shower has not been specifically
mentioned in TCM literature previously.

Tables 3 and 4 show that defecation affected 6 HWts, and
the most affected 7™ and 8™ HW'ts increased by both 14.8%.
The percentages for higher-levels harmonics over the total
energy increased, whereas the 2™ HWt decreased by 3.8%.
Ingestion affected 9 HWts, and the 2" HWt increased by
10.1%; this is a great effect on low-level harmonics. The
5"_10"™ HWts decreased by at least 20%. Ingestion caused
an obvious decrease in the energy of high-level harmonics
but increased that of the 2"! harmonic. It can be observed
from the harmonic analysis that the two gastrointestinal
activities, defecation and ingestion, have opposite effects on
pulse waves: defecation decreased low-level harmonics and
increased high-level harmonics, whereas ingestion increased
low-level harmonics and decreased high-level harmonics.

Tables 3 and 4 show that sleep affected nine harmonics;
the HWts of the most affected 8", 9™, and 10" increased by

22.2%, 19.6%, and 14.8%, respectively. The percentage for
higher-level harmonics over total energy increased, whereas
the 1 HWt decreased by 3.4% and the 2" HWt decreased
by 5.9%. Exercise remarkably affected nine HWts; the 1* and
the 2" HWt increased by 20.9% and 27.6%, respectively, and
the 3"-8™ HWts were greatly increased. Sleep is the most
static state of the human body, and exercise is the most active
state; sleep and exercise had opposite effects on pulse waves.
Static state decreased low-level harmonics but increased
high-level ones, whereas active state increased low-level
harmonics but decreased high-level ones.

5. Conclusion

Harmonic analysis revealed that defecation and sleep have
the same trend of effects on pulse waves, with greater effect
exerted by sleep. Exercise and ingestion also have the same
trend of effects on pulse waves, with greater effect exerted by
exercise. It is postulated that the body experiences tension
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and relaxation before and after defecation, respectively,
which is similar to a good night’s sleep after a hard day of
work. However, exercise and ingestion both exert burden on
the body and the body needs to use energy to deal with the
external stress or ingested food; thus, the pulse waves may
have the same trend of responses. The trends observed in this
study are as follows: relaxation of the body may increase
high-level harmonics, and stress may increase low-level
ones. The physiological significance of this finding warrants
further studies.

Data Availability

Data used to support the study are included within the
article. No additional data are available.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

HHC was responsible of the study concept and research
design, modification of study design, and review and in-
terpretation of data. PJC contributed to the collection,
analysis, and interpretation of data and was responsible for
drafting and revision of the manuscript. LCL, PCH, and
HKW provided modifications of the study design and re-
vised the manuscript. All authors have read and approved
the final version of the manuscript.

Acknowledgments

This study was supported by the National Research Pro-
gram for Biopharmaceuticals (NRPB), the Ministry of
Science and Technology, Executive Yuan, Taiwan (MOST
107-2813-C-039-261-B), China Medical University Hos-
pital (DMR-109-197), and the “Chinese Medicine Research
Center, China Medical University” from The Featured
Areas Research Center Program within the framework of
the Higher Education Sprout Project by the Ministry of
Education (MOE) in Taiwan (CMRC-CMA-6). The authors
would like to thank the following researchers for their help
in the consulting of statistics: Yu-Chuen Huang, Associate
Professor from Chinese Medicine-Basic Chinese Medicine,
and Wen-Ling Liao, Associate Professor from Graduate
Institute of Integrated Medicine, China Medical University.
The authors would like to thank Maisense Inc. for pro-
viding measuring instrument (Freescan) and assistance in
raw data collection. The authors thank Crimson Interactive
Pvt. Ltd. (Ulatus-http://www.ulatus.tw) for their assistance
in manuscript translation and editing.

References

[1] A. C. Berry, “The fourier transform theorem,” Journal of
Mathematics and Physics, vol. 8, no. 1-4, pp. 106-118, 1929.

[2] N. Wiener, “Generalized harmonic analysis,” Acta Mathema-
tica, vol. 55, pp. 117-258, 1930.

[3] W. K. Wang, T. L. Hsu, Y. Chiang, and Y. Y. L. Wang, “The
prandial effect on the pulse spectrum,” The American Journal of
Chinese Medicine, vol. 24, no. 01, pp. 93-98, 1996.

[4] W.K. Wang, Y. Y. Lin Wang, T. L. Hsu, and Y. Chiang, “Some
foundation of pulse feeling in Chinese medicine,” in Biomedical
Engineering-n International Symposium, W. J. Young, Ed.,
pp- 268-297, Hemisphere Publishing Corporation, Wash-
ington, DC, USA, 1989.

[5] M.Y. Jan, H. Hsiu, T. L. Hsu, Y. Y. Wang, and W. K. Wang,
“The importance of pulsatile microcirculation in relation to
hypertension,” IEEE Engineering in Medicine and Biology
Magazine, vol. 19, pp. 106-111, 2000.

[6] Y.Y. Wang, C. C. Chang, J. C. Chen, H. Hsiu, and W. K. Wang,
“Pressure wave propagation in arteries. A model with radial
dilatation for simulating the behavior of a real artery,” IEEE
Engineering in Medicine and Biology Magazine, vol. 16,
pp. 51-56, 1997.

[7] Y. Y. Wang, S. L. Chang, Y. E. Wu, T. L. Hsu, and W. K. Wang,
“Resonance. The missing phenomenon in hemodynamics,”
Circulation Research, vol. 69, no. 1, pp. 246-249, 1991.

[8] Y. Y. Wang, W. C. Lia, H. Hsiu, M. Y. Jan, and W. K. Wang,
“Effect of length on the fundamental resonance frequency of
arterial models having radial dilatation,” IEEE Transactions on
Bio-Medical Engineering, vol. 47, no. 3, pp. 313-318, 2000.


http://www.ulatus.tw

