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Abstract

Comparative Study on the Pulse Wave Variables and Sasang Constitution in
Cancer Patients and Healthy Subjects

Jun-Yong Park' - Seok-Ki Park' - Hyeon-Gyeong Park' - Jong-Cheon Joo""

'Deot. of Sasang Constitution and Immune Medicine, College of Korean Medicine, Wonkwang University

Objectives

The aim of this study was to evaluate alterations in pulse wave characteristics in patients with cancer compared with healthy
subjects, and to analyze differences according to Sasang constitution. Furthermore, this study aimed to investigate the
potential applicability of pulse wave analysis as an objective indicator for assessing the health status of cancer patients
and for developing Sasang constitution-based management.

Methods

This study was designed as a retrospective comparative study involving 139 participants, including 76 healthy subjects
and 63 cancer patients. Sasang constitutional diagnosis and pulse wave measurements were performed for all participants.
Pulse wave measurements were obtained using the automated robotic pulse analyzer equipped with five pressure sensors.

Results

In the comparison of pulse wave variables between cancer patients and healthy subjects, cancer patients showed higher
contact pressure, variance of total time, and ratio of systolic period area, but lower ratio of diastolic period area, and tended
to exhibit a relatively sinking pulse (JLI) in terms of pulse depth. In the comparison of cancer patients' pulse wave variables
according to Sasang constitution, the time to preincisura (t2) was longest in the Taeumin and shortest in the Soyangin,
while the ratios of time to preincisura to total time (t2/t) and time to tidal wave to total time (t3/t) were highest in the
Taeumin and lowest in the Soyangin.

Conclusions
Based on the above results, monitoring pulse wave variables may be useful for evaluating the health status of cancer patients
and supporting Sasang constitutional diagnosis.
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2370 + 4.01 kg/nt, 247 22.68 + 3.15 kg/mf ATk
(p=0.105). 37 52 (mean blood pressure, MBP) &
32} 108,51 + 4.97 mmHg, 274%] 105.93 = 6.24
mmHg $ Thp=0.008). A4+ F2HA} 74.70 + 10.37
beats/minute, 717321 73.67 + 11.81 beats/minute®] 1T}
(p=0.591)(Table 1).
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Table 1. Comparison of General Characteristics between Cancer and Healthy Groups

Cancer group

Healthy group

iabl N al
Variables (1=63) (1=76) p-value

Age (yp) 56.98 + 8.78 5437 + 817 071
Sex, ¥ MIF 24 /39 26 /50 638
SBMI (kg/n) 2370 + 4.01 2268 « 3.15 105
'MBP (mmHg) 108.51 + 4.97 105.93 + 6.24 008
YHR (beats/minute) 74.70 = 10.37 73.67 = 11.81 591

“n : number, i yI : years, ¥ MF: male/fernale, *BMI : body mass index, ' MBP : mean blood pressure, VHR : heart rate. All values are expressed by mean

+ standard deviation.
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Table 2. Characteristics of Cancer Group

Cancer group

(n=63)
Breast 13 (20.6%)
Stomach 12 (19.0%)
Type Thyroid 8 (12.7%)
Uterine 7 (11.1%)
" Others 23 (36.5%)
0 9 (14.3%)
I 30 (47.6%)
Stage 1 9 (14.3%)
ii| 5 (7.9%)
v 10 (15.9%)
Yes 54 (85.7%)

Operation

No 9 (14.3%)
Yes(Completed) 7 (11.1%)
Chemotherapy Yes(Undergoing) 15 (23.8%)
No 41 (65.1%)

Yes(Completed) 6 (9.5%)

Radiotherapy Yes(Undergoing) 3 (4.8%)
No 54 (85.7%)

"n : number, " Others include colorectal, esophageal, gall bladder, liver,
lung, ovarian, pancreatic, parotid gland, prostate, renal, small bowel,
submandibular gland, vulvar cancers. All values are expressed by number (%).

21 0.019 = 00192 ¢ A7} o
(Table 4).

29kk(p-0.022)

+ 6.69%, 77391 25.88 + 1033%= & FA7F Y B3
TH(p=0.032)(Table 5).

Floating or Sinking(F-% 2 9 o)A 9 3R=
178 = 1.71, 7RI 251 + 24002 &
el B3l gl Aoz Akl 43 At
(p=0.037)(Table 6).

Table 3. Comparison of Pulse Pressure-Related Variables between Cancer and Healthy Groups

Cancer group

Healthy group

Variables (1=63) (0-76) p-value

Mean of percussion wave(Mp) 219.24 + 85.43 208.72 = 83.75 467
Variance of percussion wave(Vp) 998 = 5.68 9.09 = 5.78 363
Contact pressure(CP) 157.97 = 27.90 145.09 + 37.92 .023
Sum of pulse pressure(energy) 750.16 = 29855 704.26 + 289.82 361
Height of percussion wave(hl) 222.17 = 85.63 210.96 + 83.03 436
Height of preincisura(h2) 165.11 + 70.89 158.84 =+ 70.25 .603
Height of tidal wave(h3) 165.43 + 70.71 156.64 + 66.53 453
Height of incisura(h4) 7271 = 26.54 76.83 = 27.99 377
Height of dicrotic wave(h5) 76.30 + 26.83 80.14 + 27.79 412
h2/h1 0.747 = 0.138 0.759 + 0.158 640

h3/h1 0.750 = 0.144 0.755 + 0.158 .847

h4/h1 0.348 = 0.112 0.375 + 0.081 103

h5/h1 0.364 = 0.108 0.391 + 0.071 .099

(h4+h5)/h1 0.712 = 0.219 0.765 = 0.150 104

Radial augmentation index(RAI) 74.99 + 14.39 7549 + 15.77 .847

All values are expressed by mean =+ standard deviation.
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Table 4. Comparison of Pulse Wave Time-Related Variables between Cancer and Healthy Groups

Variables Cm;:: 6g3r)0up Heal(iz;gr o p-value
Mean of total time(Mt) 0.823 =+ 0.118 0.847 + 0.134 272
Variance of total time(Vt) 0.012 = 0.015 0.019 + 0.019 .022
Time to percussion wave(tl) 0.137 = 0.019 0.134 + 0.015 282
Time to preincisura(t2) 0.222 + 0.041 0.216 + 0.041 410
Time to tidal wave(t3) 0.225 + 0.039 0.221 + 0.041 570
Time to incisura(t4) 0.358 = 0.051 0.351 + 0.048 394
Time to dicrotic wave(t5) 0.382 + 0.043 0.377 + 0.044 S517
t-t4 0.461 = 0.097 0493 = 0.119 .095
Total time(t) 0.819 = 0.118 0.843 + 0.134 265
Width of percussion wave(w) 0.179 = 0.043 0.182 = 0.042 .666
tl/t 0.169 + 0.027 0.162 + 0.030 .160
2/t 0.275 = 0.053 0.262 = 0.059 .189
3/t 0.278 + 0.048 0.266 + 0.056 205
th/t 0.441 + 0.055 0421 + 0.064 .061
5/t 0.472 + 0.058 0.454 + 0.072 119
(t4-t1)/t 0.272 + 0.040 0.259 + 0.056 138
w/t 0.218 + 0.036 0.218 + 0.044 984
All values are expressed by mean + standard deviation.
Table 5. Comparison of Pulse Wave Area and Angle-Related Variables between Cancer and Healthy Groups
Cancer grou Healthy grou
Variables (e ()gS) ¥ (n:y7§) - p-value
Total area(At) 15785 + 5694 15774 + 5986 991
Ratio of systolic period area(As%) 77.40 = 6.69 7412 + 10.33 .032
Ratio of diastolic period area(Ad%) 22.60 = 6.69 25.88 + 10.33 .032
Area of percussion wave(Aw) 8699 + 3519 8501 + 3654 748
Angle of percussion wave(O) 37.00 = 17.60 38.97 + 16.96 504
All values are expressed by mean + standard deviation.
Table 6. Comparison of Pulse Wave Characteristics between Cancer and Healthy Groups
Variables Cancer group Healthy group pvalue
(n=63) (n=70)
Powerful or Powerless 6.73 + 2.38 6.26 + 231 244
Floating or Sinking 1.78 = 1.71 2.51 = 240 .037
Fast or Slow 4.76 + 2.46 446 + 2.75 501
Slippery or Choppy 3.60 = 1.50 343 £ 1.56 519
Long or Short 744 + 2.03 6.99 + 1.67 147
Large or Fine 7.29 + 1.31 6.89 + 1.38 .092
String-like or Weak 5.52 + 0.90 5.38 + 0.75 318

All values are expressed by mean + standard deviation.
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Table 7. Comparison of Pulse Pressure-Related Variables among Sasang Constitution of Healthy Group
Variables lgie:f:)n ?ZT;;? S?Xi';il)n p-value
Mean of percussion wave(Mp) 211.82 = 7850 196.61 = 80.66 225.39 + 9242 431
Variance of percussion wave(Vp) 10.53 + 6.47 9.28 + 5.58 7.74 « 551 183
Contact pressure(CP) 152.96 = 40.05 137.04 = 36.90 151.89 + 36.97 117
Sum of pulse pressure(energy) 701.88 = 268.37 655.50 = 276.27 78235 + 319.82 .281
Height of percussion wave(hl) 212.94 + 78.88 198.81 + 79.12 22852 + 91.94 446
Height of preincisura(h2) 149.59 + 59.50 152.78 = 65.77 175.17 + 83.45 551
Height of tidal wave(h3) 150.29 = 60.57 153.61 + 65.63 166.09 + 73.68 767
Height of incisura(h4) 7648 + 24.20 7611 = 31.10 78.23 + 2651 869
Height of dicrotic wave(h5) 8234 + 2497 7847 + 30.60 81.11 = 26.09 772
h2/h1 0.720 = 0.176 0.775 + 0.142 0.762 + 0.145 617
h3/hl 0.723 + 0.179 0.779 = 0.139 0.741 = 0.170 594
h4/h1 0.378 + 0.101 0.386 = 0.072 0.355 = 0.077 241
hs/hl 0.402 = 0.081 0.400 + 0.064 0.368 + 0.071 159
(h4+h5)yh1 0.779 = 0.181 0.786 = 0.135 0723 + 0.147 232
Radial augmentation index(RAI) 72.27 + 17.88 77.89 = 13.90 74.10 = 16.99 604

All values are expressed by mean + standard deviation.
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Table 8. Comparison of Pulse Wave Time-Related Variables among Sasang Constitution of Healthy Group

Variables Tacumin Soumin Soyangin p-value
(n=17) (n=306) (n=23)

Mean of total time(Mt) 0.818 + 0.154 0.866 + 0.125 0.840 + 0.135 527
Variance of total time(Vt) 0.018 = 0.015 0.018 + 0.012 0.022 = 0.029 745
Time to percussion wave(tl) 0.133 = 0.013 0.134 = 0.018 0.134 + 0.012 920
Time to preincisura(t2) 0.219 + 0.037 0.216 = 0.045 0.214 =+ 0.037 .856
Time to tidal wave(t3) 0.224 + 0.034 0.222 + 0.042 0.217 + 0.046 792
Time to incisura(t4) 0.342 + 0.033 0.357 + 0.037 0.347 + 0.068 .387
Time to dicrotic wave(t5) 0.376 + 0.024 0.381 = 0.028 0.372 + 0.071 534
t-t4 0472 + 0.125 0.505 + 0.120 0.489 + 0.115 .657

Total time(t) 0.814 + 0.154 0.862 + 0.125 0.836 + 0.135 S15
Width of percussion wave(w) 0.174 = 0.045 0.186 = 0.042 0.183 = 0.039 578
tl/t 0.169 + 0.033 0.158 = 0.028 0.164 + 0.033 .648

2/t 0.278 + 0.066 0.255 = 0.057 0.262 + 0.056 570

3/t 0.284 + 0.061 0.261 + 0.051 0.262 + 0.058 501

4/t 0.429 + 0.053 0.420 + 0.052 0.418 + 0.087 973

5/t 0.475 + 0.079 0.448 + 0.053 0.448 + 0.092 717

(t4-t1)/t 0.260 + 0.024 0.262 + 0.033 0.253 = 0.092 .807

w/t 0.213 = 0.037 0.219 = 0.050 0.221 + 0.040 564

All values are expressed by mean =+ standard deviation.

Table 9. Comparison of Pulse Wave Area and Angle-Related Variables among Sasang Constitution of Healthy Group

Variables liil?:)n ?zl:;ng; S?zi';il)n p-value
Total area(At) 15214 = 5268 15625 = 6756 16420 = 5354 582
Ratio of systolic period area(As%) 74.29 + 4.40 7442 + 7.23 73.52 + 16.31 628
Ratio of diastolic period area(Ad%) 2571 = 4.40 25.58 + 7.23 2648 + 16.31 628
Area of percussion wave(Aw) 8022 + 3045 8423 + 4252 8979 + 3094 554
Angle of percussion wave(©) 36.85 = 16.59 41.25 = 15.98 36.96 + 18.92 375
All values are expressed by mean + standard deviation.
Table 10. Comparison of Pulse Wave Characteristics among Sasang Constitution of Healthy Group
Taeumin Soumin Sor i
Variables (0-17) (0-36) (Zi;il)n p-value
Powerful or Powerless 6.18 = 2.21 5.97 + 251 6.78 = 2.04 339
Floating or Sinking 1.94 + 241 3.08 + 2.32 2.04 + 240 055
Fast or Slow 4.88 + 3.30 414 + 245 4.65 + 2.82 .671
Slippery or Choppy 371 + 1.65 331 = 1.56 343 + 153 611
Long or Short 741 = 1.33 6.78 + 2.02 7.00 = 1.24 .397
Large or Fine 6.88 £ 1.17 6.86 + 1.36 6.96 + 1.61 643
String-like or Weak 5.53 + 1.01 5.36 + 0.68 5.30 + 0.63 916

All values are expressed by mean =+ standard deviation.
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Table 11. Comparison of Pulse Pressure-Related Variables among Sasang Constitution of Cancer Group
Taeumin Soumin Soyangin
Variables (n=20) (=22) (Zzzgl) prvalue
Mean of percussion wave(Mp) 227.65 + 78.88 214.77 + 88.48 215.90 + 91.60 .636
Variance of percussion wave(Vp) 10.20 = 6.75 9.36 = 3.62 1043 + 6.49 973
Contact pressure(CP) 167.36 + 15.48 151,10 «+ 33.11 156.24 = 29.85 295
Sum of pulse pressure(energy) 772.65 + 273.62 731.82 = 312.38 747.95 = 319.13 649
Height of percussion wave(hl) 230.20 + 77.39 218.27 + 89.43 218.62 + 92.44 686
Height of preincisura(h2) 162.60 + 57.00 160.77 = 75.23 172.05 = 80.45 783
Height of tidal wave(h3) 162.80 + 56.68 161.18 = 75.14 172.38 + 80.26 766
Height of incisura(h4) 71.81 = 21.81 77.61 + 30.11 6843 + 27.07 819
Height of dicrotic wave(h5) 73.87 + 21.86 81.45 + 31.08 73.21 =+ 26.81 .893
h2/h1 0.713 = 0.113 0.735 = 0.145 0.793 = 0.147 .095
h3/h1 0.716 = 0.123 0.738 = 0.149 0.796 + 0.151 099
h4/hl 0.338 + 0.130 0.368 + 0.093 0.337 + 0.114 411
hs/hl 0.346 = 0.128 0.384 = 0.084 0.360 = 0.112 360
(h4+hSYh1 0.683 = 0.259 0.752 = 0.176 0.697 = 0.223 363
Radial augmentation index(RAI) 7157 = 1231 73.74 = 14.95 79.55 = 15.09 102

All values are expressed by mean + standard deviation.
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Table 12. Comparison of Pulse Wave Time-Related Variables among Sasang Constitution of Cancer Group

Variables ’I(‘ie:;(])i)n ?22!;[; S?Xi;%l)n p-value

Mean of total time(Mt) 0.806 + 0.131 0.826 + 0.107 0.837 = 0.119 701
Variance of total time(Vt) 0.014 + 0.026 0.011 + 0.006 0.012 + 0.006 276
Time to percussion wave(tl) 0.141 + 0.018 0.135 = 0.021 0.134 = 0.018 305
Time to preincisura(t2) 0.237 + 0.047 0.221 + 0.037 0.209 = 0.037 .028
Time to tidal wave(t3) 0.238 + 0.044 0.224 + 0.036 0.213 = 0.033 .062
Time to incisura(t4) 0.367 + 0.063 0.350 + 0.032 0.358 = 0.056 .803
Time to dicrotic wave(t5) 0.385 + 0.058 0.377 = 0.029 0.383 + 0.040 939
t-t4 0.434 + 0.106 0.473 + 0.088 0475 + 0.098 .260

Total time(t) 0.801 + 0.131 0.822 + 0.107 0.833 = 0.120 .692
Width of percussion wave(w) 0.180 + 0.050 0.176 = 0.039 0.182 = 0.043 .538
tl/t 0.180 = 0.028 0.166 + 0.026 0.164 + 0.026 .076

2/t 0.299 + 0.052 0.272 + 0.049 0.254 + 0.050 .009

3/t 0.301 + 0.047 0.275 + 0.046 0.259 + 0.044 .009

th/t 0.463 + 0.061 0.429 + 0.039 0.432 + 0.060 .067

5/t 0.487 + 0.066 0.464 + 0.051 0.466 + 0.058 358

(t4-tl)t 0.283 + 0.048 0.263 + 0.033 0.269 = 0.039 445

w/t 0.224 + 0.039 0.213 = 0.035 0.217 = 0.035 788

All values are expressed by mean =+ standard deviation.

Table 13. Comparison of Pulse Wave Area and Angle-Related Variables among Sasang Constitution of Cancer Group

Taeumin Soumin Soyangin

Variables (0=20) (1=22) (@=21) p-value
Total area(At) 15724 = 3793 15936 = 6704 15686 + 6296 .899
Ratio of systolic period area(As%) 79.15 + 6.48 75.64 + 5.18 77.57 + 8.02 272
Ratio of diastolic period area(Ad%) 20.85 + 648 2436 + 5.18 2243 + 8.02 272
Area of percussion wave(Aw) 8685 + 2236 8511 + 3825 8908 + 4266 812
Angle of percussion wave(©) 35.89 + 20.69 36.39 + 14.57 38.69 + 18.07 700
All values are expressed by mean + standard deviation.
Table 14. Comparison of Pulse Wave Characteristics among Sasang Constitution of Cancer Group
Taeumin Soumin Sor i
Variables (@=20) (0-22) (Zi;in p-value
Powerful or Powerless 7.05 = 2.26 6.50 + 243 6.67 = 2.54 671
Floating or Sinking 1.25 = 1.07 2,14 + 2.03 1.90 + 1.79 429
Fast or Slow 5.05 £ 2.72 477 + 243 448 + 2.32 .808
Slippery or Choppy 3.55 + 1.47 3.77 = 148 348 = 1.60 781
Long or Short 7.85 £ 1.95 7.55 £ 1.99 6.95 = 2.13 315
Large or Fine 7.05 + 1.57 741 + 1.33 7.38 = 1.02 .683
String-like or Weak 5.55 + 0.887 5.59 + 1.01 543 + 0811 .836

All values are expressed by mean =+ standard deviation.
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