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Clinical Usefulness of the Second Derivative of a Photoplethysmogram Waveform(SDPTG)
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ABSTRACT

Background and Objectives : The second derivative of a photoplethysmogram (SDPTG) is a simple, convenient
and non-invasive technique for pulse wave analysis. The SDPTG index correlates with age and other risk factors
of atherosclerosis in the Japanese population, but has not yet been described in the Korean population. The
purposes of this study were to analyze the age-related changes in the SDPTG of healthy subjects (study 1), and
investigate the differences in the SDPTG of patients with hypertension, compared with those of normotensive
subjects (study 2). We also compared the differences in the SDPTG between coronary artery disease (CAD) pa-
tients and normal subjects (study 3), to test the clinical usefulness of SDPTG in the evaluation of atherosclerosis.
Subjects and Methods : We consecutively studied 235 healthy adults, 40 with essential hypertension and 42
with CAD. Their SDPTG were recorded in the sitting position using a Fukuda FCP-3166. Results : In study 1,
the b/a ratio increased with age, whereas the c/a, d/a and e/a ratios decreased. The SDPTG aging index (AGI) (y)
increased with age (x) (r=0.71, p=0.000 ; y=22.731x+54.571). In study 2, the patients with hypertension
showed a lower average d/a ratio (—0.47£0.15 vs. —0.38£0.15, p=0.02) and higher average SDPTG AGI
(—0.09%0.34 vs. —0.2610.37, p=0.011) than the normotensive subjects. In study 3, the patients with CAD
had higher average b/a ratio (—0.47%0.19 vs. —0.59£0.17, p=0.001) and SDPTG AGI (—0.010.41 vs.
—0.230.40, p=0.004) than the normal subjects. In a logistic regression analysis, the SDPTG AGI was a
significant determinant of CAD (p=0.046). Conclusion : The SDPTG aging index may be useful in the
evaluation of vascular aging and damage due to hypertension and atherosclerosis. (Korean Circulation J 2003;
33(3):233-241)
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Fig. 1. Measurement of the indices from PTG and SD-
PTG : the augmentation index of PTG was defined as
(PT2—PT1) /MA, where PT2 : the height of the late systolic

component (mV/V), PT1 : the height of the early systolic
component, and MA : maximum amplitude of PTG. The
SDPTG conisists of four waves in systole (a.,b,c,d, respec-
tively : first, second, third, fourth components) and one
in diastole (e). The ratios of height of each wave to that
of the a wave were measured (b/a, c/a, d/a, and e/a).
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Fig. 2. Relationship between each wave ratio and age. The b/a ratio increased with age, and c/a, d/a, e/a ratios

decreased with age.
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Fig. 3. Relationship between SDPTG aging index and age. The SDPTG aging index (y) increased with age (x) (r=0.71,

p=0.000 ; y=22.731x+54.571).

Table 1. Demographics of 235 healthy subjects in each decade from third to eighth

3rd decade 4th decade 5th decade 6th decade

Demographic M F M F M F M F
Subjects (n) 18 13 45 14 31 23 26 21
Age (years) 265+29 253+3.4 352*£22 359%25 438+29 445+3.1 544+25 546+34
Height (m) 1711453 1633%55"7 1721455 1567+4.7% 170.5+49 157.0+4.1% 169.4%6.1 1562+ 50*
Weight (kg) 672+103 563+10.67 693198 541+72% 705+84 567+57* 684%95 569+ 6.0
BMI (kg/m2) 229+27 212+47 234+29 220+25 242+27 230+23 238+2.6 234+27
SBP(mMmHG) 117.2+9.3 106.9+107% 116.0+11.0 107.1+12.47 1189497 1167+11.1 1227+130 1180+ 13.1
DBP(mmHg)  71.3£8.1 69.0+84 740+97 67.4+82%  763+80 727+9.1 824+8.6  72.6+8.2*
MBP(mmHg) 86.5t7.4 81.4+9.] 880+97 80.6+87T 90.6+8.1 87.4+92 958+97 87.8+89"
HR(beats/min) 753+12.8 742+22.1 685193 720£11.1  688%11.6 7251133 7152138 647+14.6
SDPTG

b/a —0.83=0.11-0.79+0.12 —0.73+0.11-0.66+0.17 —0.71+0.12-0.52+0.16* —0.60£0.16 —0.56*=0.13

c/a 001+0.14 0.06+0.11 —0.03+0.09-0.04+0.13 —0.05+0.10-0.13+0.10" —0.15+0.15 —0.13+0.10

d/a —0.15+£0.13-0.23+0.11 —0.23+0.11-0.29+0.08 —0.25+0.12—0.41£0.12* —0.39+0.17 —0.45+0.12

e/a 0.17+007 0.16+007 0.23+033 0.13+005" 0.16+0.12 0.17+006 0.19+0.09 0.20+0.07

AGI —0.86+0.29-0.78+0.19 —0.66+0.24-0.46+0.36 —0.61+0.27—-0.17+£0.26* —0.23+0.38 —0.17+0.31
PTG Al 0.86+0.18 095+0.14  1.02+0.14 1.10+0.137 1.03+0.16 1.22+0.17% 1.12+020 1.24+0.20

BMI : body mass index, SBP : systolic blood pressure, DBP : diastolic blood pressure, MBP : mean blood pressure, HR :

heart rate, AGI : aging index, PTG Al : photoplethysmogram augmentation index, = :

(M vs Fin each decade)
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p<0.001, T : p<001, F : p<0.05
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Table 1. Continued

7th decade 8th decade All decade

Demographic M F M F M F
Subjects (n) 18 14 6 6 144 91
Age (years) 63.8+2.4 63.0£2.8 743+29 72.511.4 444+13.3 47.5+13.9
Height (m) 165.6+4.5 154.3+4.4* 164.7+3.6 1560+6.47 170.0£5.7 157.2+5.4*
Weight (kg) 63.4+10.0 60.4+9.4 61.7£5.6 61.2+8.7 68.1£9.6 572+7.7*
BMI (kg/m?2) 23.0+29 25.4+39 228+24 250+23 23.5+28 23.2+33
SBP (mm Hg) 126.1+11.8 128.7+8.7 116.2+5.7 122.2+10.1 119.3+11.3 116.4+13.3
DBP (mm Hg) 80.0+7.6 77.4+8.3 732+4.0 72.5+4.7 76.4+9.2 72.0+8.7*%
MBP (mm Hg) 95.3+8.7 945+7.5 87.5t4.4 88.8+5.7 90.7+9.4 868+9.5"
HR (beats/min) 67.8+9.8 70.9+£13.9 77.8+17.1 71.8+16.1 702*11.7 70.6+15.1
SDPTG

b/a -0.51+0.15 —0.52+0.13 —0.49+0.16 —0.41+0.09 —0.68+0.16 -0.58+0.17*

c/a —0.16+0.15 —0.17+0.09 —0.29+0.08 -0.22+0.15 —0.08+0.14 —0.10+0.13

d/a —0.47+0.15 —0.45+0.12 -0.51+0.19 —0.52+0.05 -0.30+0.17 —0.38+0.14*

e/a 0.16+0.10 0.18£0.08 0.10+£0.04 0.17£0.09 0.19+£0.20 0.17+£0.07

AGI —0.06+0.31 —0.08+0.27 0.21+£0.28 0.15+£0.25 —0.48+0.41 —0.27+0.38*
PTG Al 1.27+0.22 1.23+0.19 1.22+0.22 1.38+0.24 1.06+£0.20 1.18+0.21*

BMI : body mass index, SBP : systolic blood pressure, DBP : diastolic blood pressure, MBP : mean blood pressure, HR :

heart rate, AGI : aging index, PTG Al : photoplethysmogram augmentation index, * :

(M vs Fin each decade)

el uhZ Aol o149 A FARY b/avt =
%21 (-0.568+0.17 vs. —0.68+0.16, p=0.000), d/a

 SrH(=0.38+0.14 vs. —0.30%0.17, p=0.000).

PTG Al 189 7% HRrh 300w (1.18+0.21
vs. 1.06£0.20, p=0.000), SDPTG aging index= ¢
AeA o] =& #h& BATH(-0.27+0.38 vs. —0.48
+0.41, p=0.000) (Table 1).

Study 2

HEd TEE T SRl AR b S vt
Aol B ofre] gloja AR T el xlol= §l
om ¢/a(=0.19+0.16 vs. —0.13+0.12, p=0.011)
2} d/a(=0.47£0.15 vs. —0.38%=0.15, p=0.02) 2]
ol mFshrelA SnlAl Askd AdE Blom,
SDPTG aging indexi= TEerolA] 2w|Sli= Ad5-S
BAT(-0.09+0.34 vs. —0.26+0.37, p=0.011)
(Table 2).

Study 3
s AARE 7171 #Akel ARl diEzTE v
sk Aoela] B QFrella AR el ow|Ql=

p<0.001, T : p<001, F : p<0.05

zlolE fglom, izl nlEl FAbrelA A EA
F(p=0.002) 2} E9%(p=0.000)¢] Ekow, HDL—
cholesterol (p=0.000) ] 2Ju]JA Wkt SDPTGE]
21015 1 galtellA tizaell Hls) b/ag] #kel 2lv]
A #=2431(—0.47£0.19 vs. —0.59%0.17, p=0.001),
SDPTG aging index® =< k& EATH(-0.01*=
0.41 vs. —0.23+0.40, p=0.004) (Table 3).

T T AlolellA] SJu|QlE AolE Kol AxET
‘e Ak frele] Add AR etabr] Hsl
EAXE 3RS AEITE A-ZFA G (p=0.03),
&A% (=0.031), % glucose (p=0.012), 2 3
creatinine (p=0.013) 0] e A& 2u]|glA
ks vA= X E 0w, HDL—cholesterol 2]7]
A S PIXA] ZB3ATH(Table 4). &gl SDPTG
9] b/a(p=0.026), e/a(p=0.011), aging index(p=
0.046) 7} W™ Akt ougiAl #E 259
< HolFgitk(Table 4).
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Table 2. Comparison of clinical characteristics and SD-
PTG in 120 normotensive subjects and 40 subjects with
essential hypertension (HTN)

Table 3. Comparison of clinical characteristics and SDP-
TG in 115 normal subjects and 42 subjects with coronary
artery disease (CAD)

Parameter HIN IS Parameter SR IS
(n=40) (n=120) (n=42) (n=115)
Clinical parameters Clinical parameters
Age (years) 52.6+6.7 51.6+8.1 0.524 Age (years) 58.4+8.7 57.6+9.6 0.478
Sex (M/F) 24/16 69/51 0.469 Sex (M/F) 30/12 85/30 0.111
Body mass index 254+29 237+28 0.002 Body mass index 25530 23.8*£29 0.002
(kg/m2) (kg/m?)
Current smoker 0.22+0.42 0.34+0.48 0.151 Current smoker (ratio)  0.36+0.49 0.38+0.49 0.772
(ratio) Tobacco lifelong dose  33.1+16.0  15.4+20.2 0.000
Tobacco lifelong 97+153 122+17.7 0.446 (pack-year)
dose (pack-year) Biochemical parameters
Biochemical parameters Plasma glucose 970+12.8 90.3+9.5 0.003
Plasma glucose 943+140 89.5+£93 0.081 (mg/dL)
(mg/dL) Serum creatinine 091+0.15 0.83+0.19 0.012
Serum creatinine 0.77+£0.26 0.81£0.21 0.310 (mg/dL)
(mg/dL) Total cholesterol 186.5+37.6 191.2+27.1 0.388
Total cholesterol 196.8+34.7 188.3+26.71 0.155 (mg/dL)
(mg/dL) HDL-cholesterol 414+129 51.3+130 0.000
HDL-cholesterol 58.6+9.4 53.1£138 0.135 (mg/dL)
(mg/dL) LDL-cholesterol 117.4+349 110.0+27.6 0.170
LDL-cholesterol 108.3+55.4 106.5+28.4 0.887 (mg/dL)
(mg/dL) Hemodynamic parameters
Hemodynamic parameters Systolic BP (mmHg)  120.6+15.1 122.3+11.7 0.521
Systolic BP (mmHg)  166.2+21.5 121.3+11.9 0.000 Diastolic BP (mmHg)  76.0+9.9  77.4+84 0.351
Diastolic BP (mm Hg) 108.4+14.4 77.1+89 0.000 Mean BP (mm Hg) 90.8+10.9 92.4+89 0.409
MeanBP (mmHg)  127.6+157 918493  0.000 Heartrate (beats/min)  69.8+13.5 70.1+12.8 0.873
Heart rate 719£95 69.7£13.0 0.06 SDPTG
SDPT(;DeOTS/ riry b/a ~0.47+0.19 ~0.59+0.17 0001
o 0544015 ~059+0.17 0103 c/a —0.19+0.19 —0.14%+0.13 0.077
/a 09 01s 01at012 0011 d/a ~0.45+0.17 —0.40+0.17 0.121
Z/O oiole 038i01s 002 e/a 015009 0.18+0.09 0.046
/a 0.20;0.06 0.1810.09 0'150 AGI —0.01£0.41 —0.23+0.40 0.004
e/a AOTRTe BASERT PTG Al 1244028 1.17+0.22 0.136
AGI —0.09£0.34 ~0.26£0.37 0.01 HDL : high-density lipoprotein, LDL : low-density lipopro-
PTG Al 1.20£0.21 1.15£0.20 0.275 tein, BP : blood pressure, AGI : aging index, PTG Al :

HDL : high-density lipoprotein, LDL : low-density lipopro-
tein, BP : blood pressure, AGI : aging index, PTG Al :
photoplethysmogram augmentation index

photoplethysmogram augmentation index
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Table 4. Logistic regression analysis of coronary artery di-
sease (CAD)

Parameter B s\t/‘é?ilgs
Body mass index (kg/m?2) 0.152  4.686  0.030
To?sgflgy'iigng dose 0503 4661 0031
Plasma glucose (mg/dL) —0.143  6.281 0.012
Serum creatinine (mg/dL)  —11.804  6.186  0.013
HDL-cholesterol (mg/dL) 0.076 2299  0.129
SDPTG
b/a —91.295 4946  0.026
e/a 113.615 6.543 0.011
AGI 79.799 3.964 0.046

B : regression coefficient, HDL : high-density lipoprotein,
AGI : aging index
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