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A Comparative Study on the Pulse Wave Variables and Sasang Constitution in
Hypertension Patients and Healthy Subjects
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1. Objectives
We studied the characteristics of pulse wave variables in hypertensive patients and healthy subjects and would
develope the program diagnosing Sasang Constitution.

2. Methods

Healthy subjects and hypertensive patients were measured with pulse analyzer. In each of healthy and hypertensive
group, means of pulse analyzer variables were compared among Constitution.

On these bases of these results, decision tree composed of several rules were developed.

3. Results and Conclusions

Decision tree with 72.13% accuracy were developed.

(1) if h5(Cheok) < 2.325 & Wm/t(Cheok) < 0.238281 then class = Soeumin

(2) if h5(Cheok) < 2.325 & Wm/t(Cheok) > 0.238281 then class = Taeumin

(3) if h5(Cheok) > 2.325 & t1(Chon) > 0.143 then class = Soyangin

(4) if h5(Cheok) > 2.325 & t1(Chon) < 0.143 & h3/h1(Cheok) > 0.963601 then class = Soyangin

(5) if h5(Cheok) > 2.325 & t1(Chon) < 0.143 & h3/h1(Cheok) < 0.963601 & sum of pulse pressure(SPP) of Gwan
> 618 then class = Taeumin

(6) if h5(Cheok) > 2.325 & t1(Chon) < 0.143 & h3/h1(Cheok) < 0.963601 & sum of pulse pressure(SPP) of Gwan
< 618 & t3(Chon) < 0.209 then class = Soeumin

(7) if h5(Cheok) > 2.325 & t1(Chon) < 0.143 & h3/h1(Cheok) < 0.963601 & sum of pulse pressure(SPP) of Gwan
< 618 & t3(Chon) > 0.209 then class = Taeumin

From above results, we concluded that pulse analyzer is useful instrument to decide Sasang Constitution.

Key Words : Pulse Analyzer, Pulse Wave, Hypertension, Constitution, Sasang Constitutional Medicine, Decision Tree
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Fig. 1. Appearance of Pulse Analyzer
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Table 1. General Characteristics of Sasang Constitution Groups in Healthy Group

Variables Taeumin(n=18) Soeumin(n=23) Soyangin(n=12) p-value
Age(year) 59.16£7.56 6.00£11.12 63.77£13.40 0.212
Height(cm) 163.39+48.58 158.87+8.47 159.254£8.21 0.198
Weight(kg) 66.56+7.34 55.00+8.20 54.08+11.40 0.000 *
Body temperature( C) 36.70£0.42 36.65+0.29 36.80£0.58 0.920
Systolic blood pressure(mmHg) 131.17424.62 127.35£18.50 132.83+19.12 0.610
Diastolic blood pressure(mmHg) 85.67+14.82 81.00£11.00 85.00+18.72 0.428
Pulse rate(times/min) 75.39%16.11 73.70£12.39 68.08+18.65 0.578
Circumference of wrist(cm) 18.12+1.01 16.91+1.27 16.8840.95 0.003 *
Thickness of wrist(mm) 45.80£3.33 42.07£4.01 42.52+4.20 0.013 *

*: P<0.05, " P<0.001
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Table 2. Comparison of Variables in Chon among Sasang Constitution of Healthy Group

Variables Taeumin(n=18) Soeumin(n=23) Soyangin(n=12) p-value
Mean of total time(Mt) 0.894+0.185 0.913+0.156 0.940+0.108 0.715
Variance of total time(Vt) 0.0134+0.012 0.014£0.019 0.01340.016 0.840
Mean of height of main peak(Mm) 224.72499.69 256.29+97.32 215.27+89.72 0.646
Variance of height of main peak(Vm) 6.00£4.63 7.52£8.17 7.09£6.16 0.989
Contact pressure(CP) 165.76+26.43 154.22432.92 160.79+33.84 0.536
Sum of pulse pressure(SPP) 765.11+379.14 733.76+338.61 642.27+249.49 0.720
Height of main peak(hl) 226.28+101.56 255.62+94.77 215.73£89.52 0.617
Height of pre-dicrotic valley(h2) 161.82+87.28 198.78+81.59 193.00£74.55 0.243
Height of pre-dicrotic peak(h3) 162.82+87.07 198.78+81.59 193.00+74.55 0.247
Height of descending valley(h4) 47.26+£20.69 54.58+22.74 51.96+30.23 0.457
Height of dicrotic peak(h5) 12.14£10.20 9.74+8.94 13.09£18.00 0.594
h3/h1 0.717£0.191 0.766+0.148 0.813+0.079 0.507
hd/h1l 0.22740.097 0.225+0.081 0.22740.088 0.526
h5/h1 0.040+0.036 0.029+0.032 0.045+0.060 0.667
(h4+h5)/h1 0.267+0.085 0.257+0.074 0.276+0.076 0.518
Time to main peak(tl) 0.12740.014 0.141+0.032 0.13440.018 0.239
Time to pre-dicrotic valley(t2) 0.207£0.029 0.220+0.055 0.217£0.030 0.899
Time to pre-dicrotic peak(t3) 0.21840.028 0.221+0.055 0.21740.030 0.722
Time to descending valley(t4) 0.36240.040 0.383+0.060 0.39140.032 0.088
Time to dicrotic peak(t5) 0.414£0.035 0.414+0.031 0.42940.030 0.591
t-t4 0.524£0.143 0.533+0.120 0.537+0.091 0.910
Total time(t) 0.886+0.177 0.916+0.149 0.928+0.107 0.774
Width of main peak(Wm) 0.166+0.054 0.183+0.039 0.19540.029 0.155
tl/e 0.150£0.035 0.156+0.029 0.14740.029 0.635
(t4-t1)/e 0.267+0.022 0.267£0.033 0.27740.028 0.603
Wm/t 0.186+0.036 0.201£0.033 0.211£0.028 0.164
Total area(At) 14418+7026 17206+5829 15499+6821 0.258
Ratio of systolic period area(As%) 83.0045.22 83.90+3.21 83.73+4.73 0.974
Ratio of diastolic period area(Ad%) 17.00£5.22 16.10+3.21 16.27+4.73 0.974
Area of main peak(Aw) 18004936 2376+864 2100£1002 0.122
Angle of main peak(©m) 35.34+21.03 32.88+12.54 41.87+18.42 0.372
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Table 3. Comparison of Variables in Gwan among Sasang Constitution of Healthy Group

Variables Taeumin(n=18) Soeumin(n=23) Soyangin(n=12) p-value
Mean of total time(Mt) 0.88540.188 0.913+0.149 0.898+0.116 0.778
Variance of total time(Vt) 0.01410.015 0.025£0.058 0.021+0.024 0.638
Mean of height of main peak(Mm) 255.00£80.60 242.73%90.63 257.42+50.23 0.523
Variance of height of main peak(Vm) 6.44+4.41 7.68£10.15 8.25£8.87 0.984
Contact pressure(CP) 150.06+34.80 107.73%34.90 131.48+43.78 0.009 *
Sum of pulse pressure(SPP) 724.67+262.04 572.18+267.69 638.831243.01 0.263
Height of main peak(hl) 254.78+84.87 241.64+89.12 258.83+52.42 0.553
Height of pre-dicrotic valley(h2) 172.38+70.33 171.89+65.29 210.50+50.64 0.193
Height of pre-dicrotic peak(h3) 174.88+71.35 173.26£65.17 213.00+49.70 0.169
Height of descending valley(h4) 45.08£20.85 55.06+19.52 52.93+22.22 0.128
Height of dicrotic peak(h5) 16.39+10.81 7.20£6.42 13.55+£10.72 0.021 *
h3/h1 0.72740.202 0.766+0.154 0.832+0.080 0.118
h4/h1 0.18740.070 0.236+0.065 0.207+0.089 0.108
h5/h1 0.055+0.042 0.026+0.030 0.047£0.034 0.069
(h4+h5)/h1 0.242+0.049 0.263£0.057 0.254+0.075 0.442
Time to main peak(tl) 0.131+0.014 0.138+0.034 0.145£0.025 0.223
Time to pre-dicrotic valley(t2) 0.210£0.031 0.208+0.044 0.206£0.017 0.489
Time to pre-dicrotic peak(t3) 0.218+0.024 0.215+0.040 0.220+0.021 0.375
Time to descending valley(t4) 0.3611£0.049 0.371£0.035 0.388+0.021 0.255
Time to dicrotic peak(t5) 0.40710.046 0.408+0.036 0.431+£0.019 0.132
t-t4 0.51340.145 0.550+0.141 0.508+0.086 0.472
Total time(t) 0.874£0.185 0.921£0.159 0.896%0.095 0.585
Width of main peak(Wm) 0.164+0.054 0.179£0.045 0.200£0.029 0.082
tl/t 0.15540.030 0.152+0.033 0.164+0.035 0.668
(t4-t1)/t 0.266+0.024 0.259+0.046 0.272+0.023 0.792
Wm/t 0.186+0.038 0.196+0.043 0.224+0.023 0.027 *
Total area(At) 1592346550 16037+6082 17965+3865 0.314
Ratio of systolic period area(As%) 84.28+3.92 84.14+3.21 86.08£2.91 0.241
Ratio of diastolic period area(Ad%) 15.72+3.92 15.86%3.21 13.92+2.91 0.241
Area of main peak(Aw) 2180+1206 2237£1173 2717£805 0.170
Angle of main peak(©m) 29.85+15.38 33.12+12.50 32.98+7.86 0.302
*: P<0.05
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Table 4. Comparison of Variables in Cheok among Sasang Constitution of Healthy Group
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Variables Tacumin(n=18) Soeumin(n=23) Soyangin(n=12) p-value
Mean of total time(Mt) 0.919+0.179 0.982+0.327 0.907+0.103 0.850
Variance of total time(Vt) 0.010£0.009 0.02240.048 0.015£0.013 0.343
Mean of height of main peak(Mm) 177.61£63.78 180.77+66.26 191.50£37.35 0.646
Variance of height of main peak(Vm) 7.33%9.93 7.64£9.32 6.83£5.02 0.734
Contact pressure(CP) 166.83£23.30 149.28+42.33 147.26+49.21 0.419
Sum of pulse pressure(SPP) 526.33+230.65 468.91+240.01 437.75+201.43 0.505
Height of main peak(hl) 178.72+61.57 181.14+66.85 190.75+35.86 0.627
Height of pre-dicrotic valley(h2) 130.94£58.15 135.67+61.72 165.36440.20 0.167
Height of pre-dicrotic peak(h3) 134.11£59.75 139.44+65.71 171.18441.37 0.155
Height of descending valley(h4) 38.22+17.77 41.29+18.10 46.35%15.05 0.338
Height of dicrotic peak(h5) 10.74+8.62 7.19£8.53 9.58%5.70 0.127
h3/h1 0.732+0.163 0.726+0.227 0.882+0.072 0.022 *
h4/h1 0.22240.083 0.230£0.090 0.240+0.081 0.762
h5/h1 0.059+0.039 0.037£0.039 0.050£0.032 0.093
(h4+h5)/h1 0.281+0.069 0.269%0.073 0.284+0.074 0.954
Time to main peak(tl) 0.120£0.017 0.131+0.022 0.121+0.011 0.040 *
Time to pre-dicrotic valley(t2) 0.199+0.036 0.207£0.045 0.181£0.013 0.137
Time to pre-dicrotic peak(t3) 0.217£0.035 0.22240.040 0.20610.018 0.736
Time to descending valley(t4) 0.35840.034 0.368+0.033 0.37540.026 0.484
Time to dicrotic peak(t5) 0.408+0.032 0.412+0.027 0.422+0.020 0.457
t-t4 0.556+0.153 0.59740.222 0.506+0.081 0.387
Total time(t) 0.914+0.179 0.965+0.233 0.881£0.097 0.672
Width of main peak(Wm) 0.16740.052 0.180£0.053 0.204+0.029 0.186
tl/t 0.136+0.035 0.140+0.029 0.13940.018 0.738
(t4-t1)/t 0.264+0.033 0.254+0.047 0.289£0.021 0.035 *
Wm/t 0.18340.045 0.193+0.058 0.232+0.026 0.013 *
Total area(At) 11719+4189 13310+7759 1349243430 0.389
Ratio of systolic period area(As%) 81.50+8.27 80.86+10.58 85.17+4.39 0.285
Ratio of diastolic period area(Ad%) 18.50+8.27 19.14£10.58 14.83+4.39 0.285
Area of main peak(Aw) 1498+746 16621794 2057+745 0.137
Angle of main peak(©m) 41.21+18.77 43.61+17.84 42.6745.50 0.695
*: P<0.05
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Table 5. General Characteristics of Sasang Constitution Groups in Hypertensive Group

Variables Taeumin(n=33) Soeumin(n=17) Soyangin(n=19) p-value
Age(year) 64.514£8.57 65.11+7.64 64.77£10.02 0.995
Height(cm) 158.9148.12 156.41£10.13 161.37+10.52 0.200
Weight(kg) 64.0817.24 55.59+10.34 63.55£13.53 0.010 *
Body temperature( C) 36.1243.36 36.89+0.58 36.72+0.42 0.586
Systolic blood pressure(mmHg) 138.85+18.29 130.474£19.20 135.05420.80 0.378
Diastolic blood pressure(mmHg) 87.30+11.43 78.88+13.52 83.37£17.83 0.141
Pulse rate(times/min) 71.94+12.85 76.41£17.36 71.16£13.38 0.788
Circumference of wrist(cm) 18.00£1.06 16.51£1.28 17.97£1.21 0.001 *
Thickness of wrist(mm) 44.94+3 .20 41.07+3.90 44.7143.72 0.002 *
#: P<0.05 " P<0.001
Table 6. Comparison of Variables in Chon among Sasang Constitution of Hypertensive Group

Variables Taeumin(n=33) Soeumin(n=17) Soyangin(n=19) p-value
Mean of total time(Mt) 0.899£0.149 0.979+0.404 0.914£0.161 0.947
Variance of total time(Vt) 0.013+0.016 0.007£0.010 0.018+0.028 0.139
Mean of height of main peak(Mm) 231.93+85.70 219.41481.21 242.89+102.77 0.636
Variance of height of main peak(Vm) 5.80%5.01 5.47+3.64 9.44+6.42 0.036 *
Contact pressure(CP) 167.45+31.23 162.74%27.10 170.68£22.39 0.713
Sum of pulse pressure(SPP) 723.134£295.16 622.59+244.92 801.00£365.63 0.334
Height of main peak(hl) 233.60+83.76 221.82£82.45 242.67+£100.68 0.676
Height of pre-dicrotic valley(h2) 177.70£78.69 157.47+74.33 163.56£75.66 0.713
Height of pre-dicrotic peak(h3) 178.22+79.52 157.53%74.41 164.13£76.12 0.725
Height of descending valley(h4) 53.84+24.01 42.40+16.76 56.69+30.72 0.290
Height of dicrotic peak(h5) 11.13+£11.55 9.06£8.29 7.65£7.18 0.821
h3/h1l 0.742£0.209 0.721+0.203 0.702£0.210 0.860
h4/h1 0.220+0.107 0.164+0.109 0.241£0.092 0.135
h5/h1 0.040£0.048 0.03140.034 0.028+0.046 0.534
(h4+h5)/h1 0.265£0.080 0.19610.096 0.271£0.084 0.030 *
Time to main peak(tl) 0.134£0.028 0.14140.032 0.147£0.032 0.132
Time to pre-dicrotic valley(t2) 0.209+0.028 0.21840.050 0.224+0.039 0.633
Time to pre-dicrotic peak(t3) 0.213+0.028 0.220£0.050 0.230+0.035 0.345
Time to descending valley(t4) 0.368+0.039 0.382£0.055 0.377£0.041 0.634
Time to dicrotic peak(t5) 0.409+0.027 0.41740.032 0.406£0.029 0.479
t-t4 0.516£0.135 0.55440.240 0.517+0.157 0.879
Total time(t) 0.884£0.157 0.935£0.271 0.894£0.172 0.925
Width of main peak(Wm) 0.175£0.045 0.17310.036 0.177+0.035 0.962
tl/e 0.154£0.032 0.157+0.031 0.168£0.040 0.265
(t4-t1)/t 0.270£0.043 0.26910.054 0.263+0.047 0.603
Wm/t 0.198£0.040 0.19010.034 0.199+0.030 0.886
Total area(At) 1529045999 1493617126 15996£7065 0.880
Ratio of systolic period area(As%) 83.80%5.20 83.5348.22 83.44+5.91 0.744
Ratio of diastolic period area(Ad%) 16.20£5.20 16.4748.22 16.56£5.91 0.744
Area of main peak(Aw) 20561983 2028+1000 2178£1040 0.885
Angle of main peak(Om) 35.76+19.99 38.14£22.67 37.12422.41 0.810

*. P<0.05, T P<0.001
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22lo] 714 AUthp=0.037). F3} 2719 &
AHVm)o] BJ-&-¢1 5.81£3.13, A< 4.82+3.38,
A0l 12.56119.122 A felo] 71 o,
Aelol 7 A%thp=0.019). #WSE A
(SPP)= €821 783.25+265.08, 8-l 599.41+
194.68, kSl 839.28+274.230 F AokQlo] 7}
& oM, Agele] 7 ASktHp=0.008).
3 FA7)(hh)E BLQl 269.84+481.00, A9
236.65+52.80, 29kl 297.39+78.14F AFQlo]
7HE =% oH, Aglo] 7P Skthp=0.033)
(Table 7).

Table 7. Comparison of Variables in Gwan among Sasang Constitution of Hypertensive Group

Variables Taeumin(n=33) Soeumin(n=17) Soyangin(n=19) p-value
Mean of total time(Mt) 0.87940.160 0.988+0.487 0.90410.163 0.903
Variance of total time(Vt) 0.014£0.020 0.007£0.012 0.009£0.006 0.057
Mean of height of main peak(Mm) 271.31£80.83 235.65%53.55 295.72479.92 0.037 *
Variance of height of main peak(Vm) 5.81+3.13 4.82+3.38 12.56£19.12 0.019 *
Contact pressure(CP) 132.304+38.75 132.761+40.23 144.85+39.54 0.468
Sum of pulse pressure(SPP) 783.25+265.08 599.41£194.68 839.28+274.23 0.008 *
Height of main peak(hl) 269.84£81.00 236.65£52.80 297.39+78.14 0.033 *
Height of pre-dicrotic valley(h2) 207.85£79.12 180.88+57.90 229.81+84.29 0.101
Height of pre-dicrotic peak(h3) 209.07+80.02 182.31+59.02 231.31485.22 0.126
Height of descending valley(h4) 59.91+24.45 47.79%20.16 63.34%31.16 0.139
Height of dicrotic peak(h5) 9.80£10.72 11.814£5.92 18.26£17.59 0.068
h3/h1 0.767+0.184 0.76410.162 0.766+0.200 0971
h4/h1 0.218+0.081 0.2060.093 0.2124+0.105 0.767
h5/h1 0.051+0.102 0.04140.033 0.058+0.073 0.682
(h4+h5)/h1 0.25440.070 0.24740.073 0.274%0.125 0.822
Time to main peak(tl) 0.139£0.030 0.14410.033 0.14610.026 0.687
Time to pre-dicrotic valley(t2) 0.20940.028 0.21840.056 0.22240.032 0.388
Time to pre-dicrotic peak(t3) 0.21620.026 0.22610.052 0.230£0.035 0.539
Time to descending valley(t4) 0.36740.044 0.37140.038 0.373+0.042 0.933
Time to dicrotic peak(t5) 0.40940.036 0.41140.040 0.414+0.032 0.791
t-t4 0.51040.136 0.54940.238 0.522+0.135 0971
Total time(t) 0.87740.166 0.919+0.258 0.896+0.165 0.958
Width of main peak(Wm) 0.178+0.051 0.180£0.048 0.181+0.035 0.972
tl/e 0.16140.032 0.161+0.029 0.166+0.031 0.888
(t4-t1)/t 0.26510.044 0.26140.060 0.256%0.030 0.687
Wm/t 0.20310.044 0.197£0.035 0.203+0.032 0.740
Total area(At) 17851£6131 15478£4301 19466+5545 0.124
Ratio of systolic period area(As%) 83.22+9.28 85.06%5.65 84.50£5.34 0.915
Ratio of diastolic period area(Ad%) 16.78£9.28 14.94£5.65 15.50£5.34 0915
Area of main peak(Aw) 2661£1318 22104820 27534977 0.350
Angle of main peak(©m) 31.79+21.87 32.35£10.69 27.48%9.84 0.350

*: P<0.05
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Variables Taeumin(n=33) Soeumin(n=17) Soyangin(n=19) p-value
Mean of total time(Mt) 0.897+0.141 0.99140.450 0.897+0.159 0.941
Variance of total time(Vt) 0.017£0.026 0.010£0.013 0.013+0.015 0.247
Mean of height of main peak(Mm) 221.10+66.21 187.65468.20 220.67+89.38 0.212
Variance of height of main peak(Vm) 8.58£14.51 4.18%2.38 6.83£5.75 0.245
Contact pressure(CP) 160.53%29.70 160.84%39.60 152.33+32.89 0.466
Sum of pulse pressure(SPP) 569.94+251.02 477.76+205.67 568.83+261.03 0.485
Height of main peak(hl) 221.32+66.16 188.71+69.75 219.28+89.81 0.278
Height of pre-dicrotic valley(h2) 175.83+63.04 129.33+54.02 159.63£76.20 0.09
Height of pre-dicrotic peak(h3) 181.43+65.66 129.47+54.12 160.75+76.24 0.058
Height of descending valley(h4) 47.33+25.15 37.64£23.84 44.66£22.58 0.302
Height of dicrotic peak(h5) 10.61£9.50 6.45£8.47 8.14£7.36 0.153
h3/h1 0.814+0.146 0.713+0.207 0.766+0.175 0.261
h4/h1 0.216+0.101 0.197£0.091 0.206+0.078 0.875
h5/h1 0.04910.043 0.036+0.042 0.048+0.061 0.424
(h4+h5)/h1 0.269+0.086 0.23240.079 0.257+0.070 0.593
Time to main peak(tl) 0.124+0.016 0.13540.034 0.141+0.034 0.182
Time to pre-dicrotic valley(t2) 0.190£0.018 0.21940.058 0.215+0.038 0.034 *
Time to pre-dicrotic peak(t3) 0.210£0.022 0.22140.056 0.227+0.039 0.422
Time to descending valley(t4) 0.36210.036 0.36610.042 0.373+0.049 0.804
Time to dicrotic peak(t5) 0.4060.031 0.40310.036 0.409+0.031 0.984
t-t4 0.534+0.121 0.581+0.242 0.523+0.123 0.853
Total time(t) 0.897+0.139 0.94740.275 0.897£0.157 0.901
Width of main peak(Wm) 0.183+0.051 0.176+0.049 0.181+0.037 0.826
tl/t 0.141+0.025 0.148+0.035 0.159+0.037 0.296
(t4-t1)/t 0.269%0.035 0.256+0.050 0.262+0.031 0.643
Wm/t 0.204+0.047 0.188+0.037 0.203£0.034 0.208
Total area(At) 1467614966 12811£7171 14241+£5196 0.177
Ratio of systolic period area(As%) 83.35£5.77 84.00+7.03 84.33+£4.47 0.760
Ratio of diastolic period area(Ad%) 16.65+5.77 16.00£7.03 15.67+4.47 0.760
Area of main peak(Aw) 2088+1063 17661995 20574936 0.370
Angle of main peak(©m) 35.13+12.54 41.36+17.11 42.37+30.96 0.456

*: P<0.05
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