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Elevated Levels of Serum Lipids Accelerate Biological
Vascular Aging evaluated by the Second Derivative of

Photoplethysmogram Waveform in the Middle-Age Adults

Tong-Hyun, Nam * Hyung-Kyun, Koh' Young-Bae, Park

Department of Biofunctional Medicine & Diagnosis, College of Oriental Medicine,
Kyung-Hee University
*Depart. of Acupuncture & Moxibustion, College of Oriental Medicine,
Kyung-Hee University

Objective : There is accumulating data that cardiovascular diseases, including hypertension,
cerebro-vascular accident, coronary heart disease, relate to atherosclerotic changes. Increased serum
levels of lipids could play a role in these circumstances. the SDPTG(the second derivative of photo-

plethysmogram waveform) is noninvasive methods for evaluating the pulse wave and is correlated with
age and other risk factors for atherosclerosis.
Methods :

To study the effects of serum lipid levels on the SDPTG in the middle-age adults, data on serum
lipid levels and the SDPTG were collected in 80 healthy middle age with varying serum lipid
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concentrations. Biological vascular age was assessed using the SDPTG. the SDPTG consists of an a,
b, ¢, and d wave in systole and an e wave in diastole; an SDPTG aging index(Al) was calculated as
(b-c-d-e)/a.

Results :

Serum triglyceride, total cholesterol, total lipid, phospholipid, HDL cholesterol levels were
respectively and significantly correlated with SDPTG Al Serum lipid levels and blood pressure are
age-dependent and the SDPTG is blood pressure-dependent. Restricting analysis to age and blood
pressure yield strong positive correlations between serum triglyceride, total lipid levels and SDPTG Al

Conclusion :

reducing serum lipid, especially triglyceride,

Key words :

but no correlations between serum total cholesterol, phospholipid levels and SDPTG Al
The results of this study suggest that preventive acupuncture programs or herbal medications for
levels in middle-age should include a evaluation of

biological vascular aging with the second derivative of photoplethysmogram waveform.

Serum lipids, triglyceride, second derivative photoplethysmogram, atherosclerosis.
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Table 1. Clinical, Hemodynamic, and Biochemical
Characteristics of Subjects

Parameter Mean S.D. Range
Age, years 5433 5.55 45-64
Height, cm 160.10 823 143-185
Weight, kg 6217 909 4283
Body mass index, kg/m' | 24.23 2.93 18-32
Systolic BP, mmHg 119.50 20.25 80-180
Diastolic BP, mmHg 71.50 11.26  50-100
Mean BP, mmHg 87.50 13.06 60-127
Cholestrol, mg/di 203.89 3488  123-285
Total lipid, mg/dl 643.59  152.68 410-1120
Trigiyceride, mg/d! 17769  107.100  41-604
Phospholipid, mg/d! 21372 3479 138325

BP indicates blood pressure
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Figure 1. Schematic diagram of a typical curve
and parameters of the second derivative of photo-
plethysmogram waveform. S indicates start point.
SDPTG includes 4 systolic waves and 1 diastolic
wave: a wave, initial positive wave; b wave, early
negative wave; ¢ wave, re—increasing wave, d
wave, re—dereasing wave, and diastolic e wave.
The ratios of the height of each wave to that of the
a wave were measured.
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Fig. 2. The effects of serum triglyceride levels on
aging indices of the second derivative of photo—
plethysmogram waveforem in middle—age. Group A,
triglyceride £130mg/di; Group B, triglyceride: 131~
200mg/dl; Group C, triglyceride 2201 mg/dl.
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Table 2. The Measure Indices of the Second derivative of Photoplethysmogram Waveform in Each

Group
Group A Group B Group C
(n=28) {n=26) (n=26)
SDPTG Al -0.0697+0.2819" 0.0890+0.2731° 0.2428+0.1973°
Sano Al 0.0809:0.2547" 0.2291£0.2473° 0.3645+0.1881°
bla -0.4485+0.1186* -0.4256+0.0966" -0.3517£0.1074°
cla -0.14410.1097* -0.2276+0.0992* -0.2316£0.0899"
d/a -0.3853:0.1141° -0.4270£0.0923% -0.4846+0.1089°
ela 0.150620.0550* 0.1411£0.0445* 0.1217£0.0559*

Data are presented as the mean value = standard deviation.

Group A, triglyceride<130mg/di; Group B, triglyceride: 131-200mg/dl; Group C, triglyceride=2201mg/dl.
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Aging Index

Fig. 3. The effects of serum total cholesterol
levels on aging indices of the second derivative of
photoplethysmogram waveforem in  middle—age.
Group A, total cholesterol<200mg/dl; Group B, to-—
tal cholesterol: 201-240mg/dl; Group C, total cho—
lesterol 2241mg/d!.
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Table 3. The Measure Indices of the Second derivative of Photoplethysmogram Waveform in Each Group

Group A Group B Group C

(n=40) (n=25) (n=15)
SDPTG Al -0.0278£0.2951° 0.1907£0.2466° 0.1327£0.2424"
Sano Al 0.1412£0.2604 0.3242£0.2366° 0.2628+0.2263*
bla 0.43460.1171° -0.3709£0.1146" -0.4074+0.0946"
cla -0.1696+0.1134° -0.2290+0.0862* -0.2307£0.1051°
d/a -0.406120.1044* -0.46610.1238" -0.4395£0.1018"
ela 0.1440£0.0561° 0.1335£0.0516° 0.130220.0473*

Data are presented as the mean value * standard deviation.
Group A, total cholesteroi=200mg/dl: Group B, total cholesterol: 201-240mg/di; Group C, total cholesterol

2241mg/di.
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Table 4. Multiple Bivariate Correlation Analysis

TG CHOL TL PHOS HDL mBP
r 0.403" 0244 0365 0.255° 0239 0.392"
SDPTG Al
P <0.001 0.029 0.001 0.023 0.034 <0.001
r 0.405" 0258 0379 0.282° -0.198 04417
Sano Al
P <0.001 0.021 0.001 0.012 0.080 <0.001
N r 037" 0.181 0333" 0.242" -0.144 0.405"
a
P 0.001 0.107 0.003 0.031 0.206 <0.001
/ r -0.204 0.229° 0213 -0.154 0.169 -0.099
c/a
P 0.069 0.041 0.061 0.176 0.135 0384
o r 0.356" -0.189 - 0.324" -0.253 0.146 -0.506"
a
P 0.001 0.093 0.004 - 0.024 0.201 <0.001
/ r -0.180 -0.043 -0.103 0.013 0.306" 0.060
€/a
P 0.110 0.702 0370 0911 0.006 0.597

TG indicates Triglyceride; CHOL, Cholestrol; TL, Total lipid; PHOS, Phospholipid; HDL, high—~density
lipoprotein cholesterol; mBP, mean blood pressure = diastolic blood pressure + {1/3 X pulse pressure).

* P¢0.05, x*: P<0.01
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Fig. 4. Correlation between serum triglyceride
levels and aging indices of the second derivative of
photoplethysmogram waveforem in middie—age(N=
80).
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