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Introduction 

Photoplethysmography is an optical non-invasive technique for monitoring blood perfusion in the skin, changes in 

the intensity of the reflected light are related to blood flow, blood volume, and blood vessel wall movement in the 

underlying tissue [1]. Photoplethysmographic (PPG) waveform analysis has been used for estimating peripheral 

arterial stiffness [2]. The second derivative of photoplethysmogram (SDPTG) or second derivative of digital 

volume pulse (SDDVP) has been called acceleration plethysmogram (APG) [3]. 

 

Fig.1. The five APG waves 

The APG consists of five waves, including APG-a wave (early systolic positive wave), APG-b wave (early systolic 

negative wave), APG-c wave (late systolic re-increasing wave), APG-d wave (late systolic re-decreasing wave), 
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and APG-e wave (early diastolic positive wave) [4], Figure 1. Normalized amplitudes b/a have a positive and c/a, 

d/a, and e/a have a negative correlation to the age; and APG-b/APG-a ratio indicates raised arterial rigidity, and the 

APG-b/APG-a ratio rose with age [4]. The APG-b/a index is associated with the peripheral arteries distensibility, 

and it has been proposed as a valuable non-invasive index of atherosclerosis and changes in arterial compliance [5]. 

The APG-d/APG-a ratio demonstrates the intensity of reflecting pulse waves from peripheral arteries [6]. The 

following formula can calculate APG aging index: [(APG-b)-(APG-c)-(APG-d)-(APG-e)]/(APG-a) and is 

proposed to signify the distensibility of large arteries [4].  

Figure 1:- Representative trace of the digital volume pulse and the second derivative of the photoplethysmogram or 

acceleration photoplethysmogram (APG). The APG wave comprises five components from: positive waves a, c, 

and e; negative b and d. APG-b/a index is calculated with the quotient of b and a; the APG-d/a index is calculated 

with the quotient of the relative values of the waves d and a. The aging index or APG-AI was defined as the quotient 

of the algebraic sum of (b-c-d-e) between a. 

 

Fig.2. Pericardium 6 (PC6) acupoint. 

Clinical and experimental observations have suggested that acupuncture may have therapeutic effects on various 

types of hypertension, coronary heart disease, dysrhythmias, and myocardial infarction [7, 8]. Besides, the PC6 

acupoint (PC6) is one of the most commonly used acupoints, is indicated for treating cardiovascular-related 

disorders (Figure 2), and is one of the primary acupoints used to treat cardiovascular diseases [9, 10]. PC6 is also an 

acupoint commonly used to study the effects and mechanisms of acupuncture in several different animal models of 

cardiovascular disease [11, 12]. Although several studies report the effects of PC6 [13 - 15], its mechanisms and are 

not fully understood. Furthermore, to our knowledge, the kinetics of the cardiovascular effect point PC6 has not 

been described. The primary objective of this study is to evaluate the kinetics of P6 manual acupuncture on the 

APG indices in healthy subjects. 
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Methods 

Study design. This study is designed as an experimental non-randomized, single-center trial to check the kinetics 

of manual acupuncture in right PC6 on the APG indices in healthy subjects. 

Subjects. The study group comprised 8 (4 female) healthy subjects with a mean (± SD) age of 44.6 ± 7.2 years. All 

subjects were normotensive (office blood pressure <140/90 mmHg), none had total serum cholesterol >200 mg/dl, 

neither glucose >100 mg/dl at the moment of the study. None had cardiac or renal diseases or were taking any 

medications. The exclusion criteria were the presence of cardiovascular or renal diseases. 

Ethical aspects. The Ethics Committee of Health and Biological Sciences Division, Metropolitan Autonomous 

University at Iztapalapa (2007.6.01.03) approved the trial. All participants granted a signed informed consent. 

Instrumentation and recordings. The second derivative of the PPG wave contour was obtained using the Origin, 

Scientific Graphing, and Analysis Software, v. 7.5 (Microcal Software, Inc., Northampton, MA) to specify 

inflection points. Typically, the d2PPG/dt2 waveform comprises five distinct waves: a to e. Each wave was 

measured from the baseline, the values above the baseline being positive and those under it negative, as previously 

described [4]. 

PPG register. The photoplethysmogram detects absorption changes of light by hemoglobin, which reflects 

changes in blood flow volume. A photoplethysmography transducer (TSD 200; BIOPAC Systems, Goleta, CA, 

USA) that transmits infrared light at 860 ± 90nm was used to obtain the PPG. The transducer was placed on the 

index finger of the right hand of each experimental subject. The frequency response of the photoplethysmograph 

was flat at 10 Hz. The digital output of the photoplethysmograph was recorded through a 12-bit analog-to-digital 

converter with a sampling rate of 200 points per second (MP100; BIOPAC Systems, Goleta, CA, USA). The 

analysis platform provided by Acknowledge software version 3.8.1 (MP100; BIOPAC Systems, Goleta, CA, USA) 

was used. 

APG indices. The second derivative of the PPG wave was obtained using Origin software, Scientific Graphing and 

Analysis Software version 7.5 (Microcal Software, Inc., Northampton, MA, USA). The d2PPG/dt2 or APG wave 

typically comprises five distinct waves: a to e. The APG indices are calculated using the relative height of the 

positive or negative inflections. The values of b-wave and d-wave are normalized to a-wave, then the ratios b/a and 

d/a are obtained. The aging index of the second derivative (APG-AI) is defined as the quotient of the algebraic sum 

(b-c-d-e)-waves normalized with the a-wave value [4]. 

The data of each subject corresponding to each min were plotted, and the interpolated data for the eight subjects 

were averaged with the software Plot2 (Michael Wesemann, Berlin, Germany, 2019), and a kinetic curve of the 

acupuncture effect was obtained. Subsequently, the curves corresponding to each variable were gathered in a single 

graph. 

Intervention. PC6 was chosen because of its well-known cardiovascular effects. We used 5-cm-long, 

0.22-mm-wide disposable stainless steel needles (SHARP, Suzhou, Beijing, China) with no additional electrical or 

laser stimulation. The diagnostic workup included the recording of medical history and symptoms. An acupuncture 
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needle was inserted unilaterally into PC6 (Figure 2) at 1.5 cm deep in the right arm and was manually stimulated 

until acupuncture characteristic sensation (DeQi) was obtained. The needle was maintained for 5 min (1-6 min) and 

removed after that. All subjects were given the same amount of attention and received the same acupuncture 

treatment. The trial was blinded for clinical investigator calculating APG indices. Acupuncture treatment was given 

by a physician trained in both orthodox Western medicine and traditional Chinese medicine. 

Study protocol. All subjects were studied fasting, having abstained from caffeine, alcohol, or smoking in the 

previous 12 h. The measurements were performed with each subject in the supine position. All recordings were 

made in the morning in a laboratory with a temperature of 24±1 ºC. All subjects rest for at least 30 min before 

recordings commenced. A photoplethysmograph TSD200 (BIOPAC Systems, Inc., Goleta, CA, United States) 

transmitting infrared light at 860 nm ± 90 nm placed on the left hand index finger was used to obtain the PPG. The 

frequency response of the photoplethysmograph was flat to 10 Hz.  

The digital output from the photoplethysmograph was recorded through a 12-bit analog-to-digital converter with a 

sampling frequency of 200 points per second BIOPAC Systems, MP150 (BIOPAC Systems, Inc., Goleta, CA, 

United States) using AcqKnowledge v. 4.1 software (BIOPAC Systems, Inc., Goleta, CA, United States). Of each 

subject, a PPG continuous registration 20 min long was obtained. After a 1 min basal record, PC6 was stimulated in 

the right arm manually until obtaining the DeQi reaction, contralateral to the PPG registry side. PC6 right was 

stimulated by manual needling for 5 min (1-5 min). Continuous and high-quality APG indices were calculated from 

beat-to-beat PPG and calculated for every subject in the basal (pre-acupuncture) and posacupuncture periods 

(minutes 8, 10, 12, 14, 16, 18, and 20). The APG indices for each group were averaged and then tested for 

statistically significant differences between the two groups. Given the wide variation of the APG indices to obtain a 

reliable version of the peaks and their intensities, a smoothed function through the Fast Fourier Transform of the 

signal for each data set of APG indices was obtained. 

Outcomes. The APG-b/a, APG-d/a, and APG-AI indices were calculated in the basal period, each minute during 

the acupuncture period, and minutes 8, 10, 12, 14, 16, 18, and 20 of the posacupuncture period. 

Data analysis. Based on absolute values for the height of waves a, b, c, and d of the raw PPG, we comprehensively 

calculated and analyzed the following variables: APG-b/a (i.e., the ratio of the height of the b wave to that of the b); 

and analogously, APG-d/a; and APG- (b-c-d-e)/a (the so-called aging index or AGI) (4). Representative traces of 

the photoplethysmogram and its second derivative are shown in figure 1. 

Data interpolation. The records of the subjects of each group were plotted in the Plot2 software (Michael 

Wesemann, Berlin, Germany, 2019). The interpolated data of the eight subjects of the experimental group were 

averaged, and kinetic curves of the behaviour of the APG indices were obtained.  

Baseline values were compared with those corresponding to 1, 2, 3, 4, 5 min of the acupuncture stimulation period, 

and 2, 4, 6, 8, 10, 12, 14 min after needle withdrawal. 

Smoothing of pooled data. The interpolated data of each APG index was smoothed through fast Fourier transform 

in the Plot2 software (Michael Wesemann, Berlin, Germany, 2019). 
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Statistical Analysis. Data are reported as means ± standard deviation (SD). The Student t-test was used for 

comparison of normally distributed continuous variables. The chosen level of statistical significance was p <0.05. 

All statistical analyses were performed using the statistical package for social sciences (SPSS, version 22.0, SPSS 

Inc., Chicago, IL, USA). 

Results 

APG-b/a index. The changes in the APG-b/a index and the smoothed template using the fast Fourier 

transformation during and after manual acupuncture in PC6 are depicted in Figure 3. The acupuncture treatment 

elicited an APG-b/a increase, and after needle withdrawal, a diminution; both changes were no significant. Imanaga 

et al. [5] provided direct evidence that the magnitude of b/a of the APG is related to the distensibility of the 

peripheral arteries and suggested that the extent of APG-b/a is a useful non-invasive index of atherosclerosis and 

arterial stiffness and hypertension. Besides, these changes could be related to modifications of mean arterial 

pressure [16]. 

Besides, the smoothing of the APG-b/a index showed a biphasic behaviour with an increase in the acupuncture 

period and a secondary decrease response. Smoothing of noisy data using Fourier Transform has a long history: 

from empirical algorithms of Lanczos [17] to using polynomial filters [18]. Nowadays, the position of the peaks 

and their intensities measured in the smoothed spectra have high reliability. 

 

Fig.3. The second derivative of photoplethysmogram or acceleration photoplethysmogram b/a (APG-b/a) index 

with standard error. Smoothed template using the fast Fourier transformation (dotted line). 

APG-d/a index. The changes in the SDPP-d/a index and the smoothed template using the fast Fourier 

transformation during and after manual acupuncture in PC6 are depicted in Figure 4. The acupuncture treatment 

elicited an APG-b/a steady diminution with a further decrease after needle withdrawal. Comparing basal versus 

value at the end of the study, there was a significant decrease (p= 0.0310). Takazawa et al. [4] demonstrated that the 

APG-d/a is a valuable index of left ventricular afterload, the evaluation of vasoactive agents, and the increasing 
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APG-d/APG-a ratio represented a reduction of arterial stiffness. The decrease in SDPP-d/a could be related to a 

reduction in LVdP/dt(max) observed in a previous study [16] and probably with negative inotropic effect and 

decreased action of adrenergic activity. 

The APG-d/APG-a ratio represented the blood flow in the aorta after the aortic valve opened, and the presence of 

blood flow in the aorta justifies the correlation between the APG-d/APG-a ratio and heart rate [19]. 

 
Fig.4. The second derivative of photoplethysmogram or acceleration photoplethysmogram d/a (APG-d/a) index 

with standard error. Smoothed template using the fast Fourier transformation (dotted line). 

 
Fig.5. The second derivative of photoplethysmogram o acceleration photoplethysmogram aging index (APG-AI) 

with standard error. Smoothed template using the fast Fourier transformation (dotted line). 

APG-AI. The changes in the APG-AI and the smoothed template using the fast Fourier transformation during and 

after manual acupuncture in PC6 are depicted in Figure 5. The acupuncture treatment elicited an APG-AI increase, 

and after needle withdrawal, a diminution; both changes were no significant. These changes can be related to 

modifications of mean arterial pressure, as has been reported in previous studies [16]. Takazawa et al. [4] found that 
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the APG-AI increases with age and could be valuable for evaluating vascular aging and the screening of 

arteriosclerotic disease. Our experiments showed in the smoothing of APG-AI that the acupuncture elicited an 

acute biphasic behaviour with an increase in the acupuncture period and a secondary decrease response (Figure 5). 

Conclusions 

This study shows that the APG indices used as indicators of the general state of health and for clinical evaluation 

are acutely modified with the application of manual acupuncture in PC6. Besides, the FFT-smoothed spectrum of 

APG indices can be taken as a kinetic modeling to study the time-sequence of the effects of acupuncture on 

cardiovascular variables. 
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