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Abstract

In this paper, we correct pulse wave velocity(PWV) with heart-rate and derive regression equations to estimate intima-media

thickness(IMT).

Widely used methods for diagnosis of arteriosclerosis are IMT and PWV. Arterial wall stiffness determines the degree of energy absorbed
by the elastic aorta and its recoil in diastole but there is not correlation between sclerosis and IMT in an existing study.

In this study, we will correct PWV with heart-rate and get regression equation to estimate IMT using heart-rate correction index(HCI).
We executed experiments for this study. Made up question of physical condition and measured electrocardiogram(ECG),
photoplethysmogram (PPG) of finger-tip and toe-tip and ultrasound image of carotid artery. Calculated PWV and IMT using ECG, PPG and
ultrasound image. We found that every p-value between PWV and IMT is not significant(<0.05). But p-value between IMT and HCI which
is a corrected PWV using heart-rate is significant(>0.01). We use HCI and various measured parameter for estimating regression equation
and apply backward estimation to select parameters for regression analysis. Result of backward estimation, found that only HCI is possible
to derive proper regression equation of IMT. Relationship between PWV and IMT is the second order. Result of regression equation of E-H
PWV is R*=0.735, adj R*=0.711. This is the best correlation value. We calculate error of its anlysis for verification of earlobe PWV

regression equation. Its result is RMSEP= 0.0328, MAPE(%)

=4.7622.

Like this regression analysis, we know that HCI is useful parameter and relationship between PWV, HCI and IMT. In addition, we are able
to suggest possibility which is that we can get different parameter of prediction throughout just one measurement.

Key words : Pulse Wave Velocity(PWV), Intima-Media Thickness(IMT), heart-rate, arterial stiffness, arteriosclerosis, polynomial regression analysis
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Table 1. Cutoff frequency for ECG preprocessing
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H 3, YopHEET ot F0) $H 2| Pearson AL
Table 3, Pearson comelation between PWV and IMT

Ear—-Heart PWV Pearson Correlation 0.555"
Sig. (2~tailed) 0.004
N 25
Left finger—Heart PWV Pearson Correlation 0.242
Sig. (2~tailed) 0.244
N 25
Right finger—Heart PWV Pearson Correlation 0.367
Sig. (2—tailed} 0.074
N 25
Left toe—Heart PWY Pearson Correlation 0.317
Sig. (2—tailed) 0.122
N 25
Right toe—Heart PWV Pearson Correlation 0.417"
Sig. (2—tailed) 0.038
N 25

=+ Cornrelation is significant at the 0.01 level (2-~tailed).
*  Correlation is significant at the 0.05 level (2—~tailed).
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Table 4, Pearson correlation between HCl and IMT
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9} U159 7 9] Pearson A HTAAE R E-AFH $S5EX-4

Ear—Heart HCI Pearson Correlation 0.760™
Sig. (2—-tailed) 0.000
N 25
Left finger—Heart HCI Pearson Correlation 0.416
Sig. (2—tailed) 0.038
N 25
Right finger—Heart HCI Pearson Correlation 0.487"
Sig. (2-tailed) 0.014
N 25
Left toe—Heart HCI Pearson Corelation 0.400"
Sig. (2-tailed) 0.047
N 25
Right toe—Heart HCI Pearson Correlation 0.448"
Sig. (2—-tailed) 0.025
N 25

“Conelation is significant ot the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2~tailed).
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CREEE L BRE R R BE Wb REEY f915F prh0.05 olehz % <lAk 2ol
gL Holat gir}. ol & ANtES neld Wi Ere] B
2) HCISt 54} 57 2] Pearson “¢#2HA| o] AAsA o] FoAH &2 Vet
HCI® W59 5| 9] F#3AE Lol 14}, Pearson A+
Al B4 AAEITh A 49 2ok B. Y59 54 38 A% ALY
S Htd e S e i ok o] FRAA) EA M e F okl A BAGN HOP Mo ARE TR B S
Aol AASELE A 28D fIFF prH0.05 VISR K 2 2gske o B ATl AT 018 2A% 2E A,
Aol shedl vlgtd, HOTSH W5 A 9 BHA BAoME gasx ozxrs faza) 92Zxo BeEdA Ao
5. HCI2tIMTZEe] 374
Table 5, Regression equation between HCl and IMT
Mode! S|
1 IMT, =0.391HCI? , —1.133HCT, ; +1.390
2 IMT, = 0.019HCI; , —0.114HCI,; , +0.753
3 IMT, =0.055HCI; |, —0.392HCL ; , +1.288
4 IMT, =0.044HCE; , —0.360 HCI, , +1.328
5 IMTy =0.052HCI, , —0.422HCT, , +1.444
H6, 292
Table 6. Model abstract
Model R R adi R w30 BELK o saEs
1 0.857 0.735 0.711 0.030 (%4%5), E-H HCI, (E-H HCI)?
2 0.427 0.183 0.108 0.053 (), LF—H HCI, (LF-H HCI)®
3 0.555 0.308 0.245 0.049 (4$=5), RF—H HCI, (RF—H HCI)? IMT
4 0.480 0.230 0.160 0.052 (=), LT=H HCI, (LT-H HCI)?
5 0.539 0.291 0.226 0.050 (435), RT—H HCI, {(RH—H HCI)*
E7, 2€ 2LHEA(ANOVA)
Table 7, Analysis of variance(ANOVA)
Model Sum-of Squares df Mean Square E ; Sig.
Regression 0.056 2 0.028 30.453 0.000
1 Residual 0.020 22 0.001
Total 0.076 24
Regression 0.014 2 0.007 2.459 0.109
2 Residual 0.062 22 0.007
Total 0.076 24
Regression 0.024 2 0.012 4.900 0.017
3 Residual 0.053 22 0.002
Total 0.076 24
Regression 0.018 2 0.009 3.286 0.056
4 Residual 0.059 22 0.003
Total 0.076 24
Regression 0.022 2 0.011 4.510 0.023
5 Residual 0.054 22 0.002
Total 0.076 24
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i 8, =7AHS
Table 8, Regression coefficient

E—-H HC -1.133 0.363 —4.892 -3.122 0.005

1 (E-H HCI)® 0.391 0.108 5.665 3.616 0.002
(Constant) 1.390 0.300 4.635 0.000
LF—H HCl -0.114 0.321 -1.028 -0.355 0.726
2 (LF—H HCI)? 0.019 0.039 1.448 0.500 0.622
{Constant) 0.753 0.658 1.145 0.265
RF—H HCI -0.392 0.298 -1.317 -1.854 0.201
3 (RF—H HCI)? 0.055 0.036 3.956 2.151 0.146
(Constant) 1.288 0.602 2.824 0.044
LT-H HCI -0.360 0.283 ~3.783 -1.275 0.216
4 (LT—H HCI)? 0.044 0.031 4.192 1412 0.172
(Constant) 1.328 0.630 2.107 0.047
RT—H HCI -0.422 0.281 -4.156 -1.505 0.146
5 (RT—H HCI)? 0.052 0.031 4.614 1.671 0.109
(Constant) 1.444 0.622 2.320 0.030

o HCPH WEe $AS 245k SARAS NI 87 C 9ARs 299 B

TAHE L MY, A4 A E, 914 PP S22 o] Fof 7V freldol w9 A2 HOIE WFE FAL 37
At AT E AF B =TEH, SPSS 14080 ny g AES 5ke] 2570 23 AR A <o)z 1582 3
MATLAB 7.4% W &alc] AH8-31ict. AEA AHgeta, AlE 1089 2332 349 22 83

HOTE SRAF, WFD TS SHAF2 she 24 A8l gigsia 22 1599 2923 1099 AE5Fo2 BF

AR E TR AL A= 5~ H 8 LT THR o) golA] A2 7229 IR A A stw, 22}
AA4e) FU e I 7o depdth RFE AANL A EH R o ggo) Y WA AENT AZTH S F 43)(Test 1~4) 4
FER B 59 o] YEtddth =29 3AY 3, Model 1(8-  Alaiin). oA B ATE 29 8, 99 ¥ 9} 2tk E 9042
A% HCRRYE S ARA) Tl f-95F 0.010]4H(F 7) 2.2 B4 RMSEP(root mean squared error of prediction)$} MAPE
2 ogquzh 98-S I8t Model 12 R*=0.857,  (mean absolute percentage errors)e] 2}zke] #3HL 0.0328,
adj R=10.735, F=30.453, p < 0.01 2 4o & 2= 3] 476220]t} o] 9} BE& e O3 WE-Go Yepdo 2N B =8
Aol Z2HUT) |25 H, AW WFY FAE Fs7ld oM AA T ADES o] 43 WAYEL BT} o] 2 o] 83
7V L T S EAA AR Y S & 5 3ok WL T F40] ¥ ouE Ztethe AS RIEGTL

B 9, 3|20l st 22N
Table 9, Error analysis of regression equation

tession equ

1 | IMT,,,, =0.1293HCI? , —0.2293HCL , +0.6153 0.0364 4.9241
2 IMT,,,, =0.2148 HCI? , —0.5336 HCL, , +0.8942 0.0304 4.5993
3 IMT,,,,; = 0.3094HCI? , — 0.8498 HCT, , +1.1508 0.0278 4.1539
4 IMT,,,,, =0.1309HCI? , —0.2857THCL , +0.7218 0.0369 5.3715

B3 0.0328 4.7622
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Fig. 7. Regression model of IMT

(a) Regression model between earlobe-heart HCI and IMT, (b) Regression mode! between left finger-heart HCI and IMT
(c) Regression model between right finger-heart HCI and IMT, (d) Regression model between left toe-heart HCI and IMT
(e) Regression model between right toe-heart HCI and IMT
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