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Abstract

Development of Blood Pressure Calculation Software
Implementable in a Pulse Oximeter and Formulation of Business
Strategies for the Device

This thesis reports the author’s research on the development and commercialization of blood
pressure calculation software conducted by the author on blood pressure calculation software that
can be implemented in a pulse oximeter—a device that uses light to measure blood oxygen
saturation— as part of an initiative to expand into medical optical systems undertaken by the

author’s company as part of its growth strategy.

Hypertension is widely recognized as a major health concern both domestically and internationally,
with risks of serious conditions such as stroke and heart disease. The number of patients is
increasing year by year, imposing an enormous social and economic burden, including substantial
healthcare costs. Early detection of hypertension and continuous management of blood pressure are
essential, and as the importance of daily blood pressure monitoring continues to grow, the blood

pressure measurement device market is expanding.

In conventional blood pressure measurement, a cuff is wrapped around the patient’s arm, requiring
them to stay still for a period. This study aimed to reduce patient burden by developing a small,
cuffless blood pressure monitor that can be used easily without a cuff. Specifically, the study
developed software that calculates blood pressure, which can be implemented in the pulse oximeter
device produced by the author’s company. This software, which calculates blood pressure from data

measured using light without a cuff, is referred to as cuffless blood pressure calculation software.

Concerning commercialization of the software, the author established two business models: (1) a
model based on various management analyses documented in a business design sheet aiming at
implementing the software in a pulse oximeter device to be sold as a cuffless blood pressure monitor,
and (2) a model aiming at rapid market entry and updates of the software through registering the

software as a medical device.

The cuffless blood pressure calculation software developed in this study uses data measured by a
pulse oximeter, specifically the photoplethysmography (PPG) waveform recorded at the fingertip.
This calculation method differs from those used for conventional cuffless blood pressure monitors
which typically use both electrocardiogram (ECG) and PPG waveforms. The development of the
cuffless blood pressure calculation software consisted of three steps: (1) verification of whether

blood pressure can be calculated using the same characteristic values used in conventional methods
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which are derived only from fingertip PPG waveform; (2) selection of parameters to be used in a
blood pressure calculation equation from characteristic values calculated from the fingertip PPG
waveform, and investigation of calculation method using these parameters; and (3) creation and
evaluation of cuffless blood pressure calculation equations through experiments in which PPG

waveform and blood pressure are simultaneously measured.

First, the author evaluated whether blood pressure could be calculated only from the fingertip PPG
waveform without ECG data using pulse transit time (PTT) as an indicator. Specifically, the author
examined the extent to which the PTT derived from the PPG waveform alone matched the PTT
obtained by the conventional method using both ECG and PPG waveforms. The results showed that
the PTT derived from the PPG waveforms alone, collected from patients at rest, was comparable to
the PTT obtained from both ECG and PPG waveforms collected from the same patients. Based on
these findings, the author created a cuffless blood pressure calculation equation using blood pressure
data from a database and the PTT derived from PPG waveforms alone. Then, the author
implemented the equation in a pulse oximeter device and evaluated its blood pressure estimation
accuracy in a human clinical trial by comparing the cuffless blood pressure calculated from the PPG
waveform with the blood pressure measured with a conventional method using a device with a cuff.
The author evaluated the performance of the equation by comparing the cuffless blood pressure
values with the blood pressure values measured by a conventional cuff-based device both of which
were obtained from identical 18 healthy subjects. Evaluation against 1SO81060-2:2018, the
international standard for cuff-based non-invasive blood pressure meters, showed that not the
calculated systolic blood pressure (SBP) but the calculated diastolic blood pressure (DBP) met the
ISO criteria (the mean difference between measured blood pressure and cuffless blood pressure is +
5 mmHg and the standard deviation is within £ 8 mmHg). Consequently, we concluded that when

using PTT as a parameter, only DBP can be calculated from fingertip PPG waveform.

Second, the author selected parameters that can be used in the cuffless blood pressure calculation
equation, seven characteristic values calculable from fingertip PPG waveforms were considered:
peak to peak interval (PPI), slope transit time (STT), crest time (CT), peak interval (PI), delay time
(DT), inflection point area ratio (IPA), and acceleration plethysmogram b/a (APGb/a). The
robustness of these parameter calculations was assessed using a pulse oximeter checker by adjusting
heart rate, pulse amplitude, and artifact settings, and by observing the calculated parameters from the
resulting PPG waveforms. Regression analysis was used to assess the significance of each
characteristic value calculated from PPG waveforms in relation to blood pressure, with significant
relationships found for three parameters: STT, CT, and APGb/a.

Third, the author developed cuffless blood pressure calculation equation, the three characteristic

values significantly related to blood pressure were applied to four equations from previous studies,
VI



creating a total of 12 blood pressure calculation equations, or 24 when considering both systolic
blood pressure (SBP) and DBP. Using the same method as the PTT-based equation, the cuffless
blood pressure calculated from experiments with 18 healthy subjects was compared against cuff-
based measurements. The results suggested that equations using STT for SBP and APGb/a for DBP
could potentially meet the criteria for cuffless blood pressure calculation.

Regarding commercialization of the cuffless blood pressure calculation software, the author
formulated two business models. The first business model aims to implement the software in a pulse
oximeter-type device and sell the device as a cuffless blood pressure monitor. This model involved
collaboration with partner companies to overcome weaknesses in medical device development and
sales of the company to which the author belongs. To formulate this business model, the author
conducted internal and external environmental analyses, employing business frameworks such as
PEST and SWOT to understand the commercialization’s current status and strategic direction, and

also created a business design sheet based on the analysis results.

The second business model adopted an approach where the cuffless blood pressure calculation
software would be registered as a medical device rather than as a non-medical cuffless blood
pressure monitor. The author built the business model since registering the software as a medical
device allows rapid market entry and updates. The author examined Apple Watch as a case study and
built a flexible business model based on its strength of eliminating the need for reapproval with
hardware updates.

In summary, this thesis has reported the author’s research on the development and
commercialization of blood pressure calculation software that is implemented in a pulse oximeter.
This study presents an approach to the application of photonics technology to the medical device
industry, which would expand its potential applications in healthcare and foster new markets in the

photonics industry.
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METEZDH10, 2=V O=—XJSZADH I ENTE D, £z, W7 &2FEHET
WIMEZFHEBIOERT LT R, WL A7 VAMEFHT= /"7 BT
BEHMENELS, A= T4 RV 2T I INT RS ALEETHZ LT, LY
BRI CE S, ZHICKY, 2—FD T4 72X A MZARICEY Avb i
5T ENHIRFTE D,

FHEAZAT I, A7 VAMEFREY 7 b =7 O EED D & & b2, B
HRF7E3 % 72 OIZHIE S 5 M OFRBE D RFHC TS 0T, FREOBRBSRZITH, Zh

WX, A7 VRAMEHEY 7 b =7 2RI HICEA L, EFEERERCBT 58
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T-7eRy v a ST A R HIET,
1.1 HILRMEZHETSV Iz 7ORARER
1.1.1 #HEMNLE=R

BARALRIZHE W T, B EIXERZREEMEE L USRS TV D, @ifEiE, K4
AR SROLESR 72 & O EEMEREEZ S SR T Y R B3 H 0 [1]. R & ke 22 B
DARFRTH D, BEAEFEEOREREICL D (2] @il EEEBEORBESIT 2011 4
T 907 5N, 2017 FEITI3HK) 994 TN EFEAHINL T\ D, SILEIC X D HEER - BREFRY
AERE S, EMEMRBOIERITIIZ KR ERE D001 5[3], JBATEE OMATIX
2021 FFOERENRE 45 JK 359 (EM D 5 b, millEMREOEREREIL 1)k 7021 81 T
HoT2[4], BmIEXAAENZT TR, HAMICHLREE 2> TV 5,

ZOXIRERNL, AENRMENEDEEMENETETmE->TWVD, AARGIME
DMFIT LTV D EIMIEIERT A RTA 2L D &, \IEOZEE X OREIEO R
HECIE, JE®, Tnth 2 MOmEREZITV, 7 AfF] (D7e<Eb 5 HiE) O
Bz AN 2 EBRHEE SN TVD[B], 72, RTA 74 T, milEESITE CRE
WA THLMNE D | AJEICDI > TIELZHET 5 2 & RHERE I THS[5],

TR EEREAE  (WHO : World Health Organization) <045 [E ORI, &£ o FH %
WLk 72 B A HELE L TR0 . A D I 7 U AMEFOBIFIZZ 5 L72EY A%
XBETHLOTH D,

1.1.2 BifMEESE

PERDMIERIE T 7 2 MDD TTER—RTH L5, B 7 R EFHTIEW < S0 R]
BEP DD, B2, 717 Ok & DGR 2372372 % 7o O il 22 8 g g - 28 T & 720 2
&\K%ﬁk%m:&f%%@@ﬁﬁﬁf%é:&ﬁ%ﬁ%héo:@%%%%&Ték
D, 7 EEAETIHMRECMIEAHE CE 50 7 VAMEHBER STV A[6],
VZMEFHI A 72 A5 2 &< e Tt & 2 73 2 ot E AR (PPG
photoplethysmogram) <>, Mg DEXE &2 &3 5 .0%EX (ECG : electrocardiogram) 72
EL Bl o 2 D TEHIRORR % 282 HEHI L2 B 5 b LR 2 HEE T 5, HFIC
BRIZARE (PPG %) 3HY 09 < [7]. 7S AAF U A—HFHAC LRI S TnD =
b, BT LV AMEOFHEMLE LTHETH D,

B PPG EN D IMLEAHEET D 7 L AMFEIL, HexHORERFICE SV Ty

oﬁmm I, tERFRICY T TROENZHE L, £OZbIELZHET 5,

ZHICKY WEROD T ERWEFEEE LT, JEBIC XD RFEN <, K 0iET
%@ﬁwiﬁﬂ%kﬁéoﬁﬁ\w7vzmﬁmﬁﬁéﬁ%?m\mE%E®7wﬁUf
LORIFESC8-11]. FHIEE OB LKA SN TV D312, 13]. ERLICIT T2 EN %
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WV, EORED D HO 10X, FEROBNLEHIIS V72 PPGIIEZ FIVN 2 7 L A fLED
ARSI A= 2T 23R+ A ST RN L Th H[14], E72RDR
FEE L CEITONDOE, BAREZERK (JIS : Japanese Industrial Standards) . [E BEFE #EA{L,
F&HE  (1SO : International Organization for Standardization ) DI, 3 X ONERIKEZR D FRAER
ﬁﬁﬁ7vxmrﬁ_owfﬁiénfk%? B 7 L AL O BRE R kg FEHEE 23 7200
RTHH[15], AWFFETIE, $552D PPG KT — & MW TH 7 2 M E 2 HEE T
5%LDEE%§V7B?17%%% . 1SO OIFREM T DKL BB IZERTDH 2
LT, IO OBBEEMRIRT 52 L& BT,

1.1.3 RBENLGES

AL TH 7 VAMEREY 7 bU =7 2R T 2R BN 28 I2iX. THoFERN
HHZEE, VTN T HEFEISEKRT A I EICI AR OEHF LT INET BN
}Z)o

MEFHO TSI TH Y . ERES T SO =— XN RIAD 5, JBEATBE 235
A L R X B8 EEicon T, FEMEEERROE La (K 1-1) 1% 2018 4
DIREICHEIN L, 2020 4= CAME LT\ 5, (T 2021 4EDOJEA 57 BA oA IZ LiuiE[16]. A
NI D EFE RO LRI 2.6 KHTHY . 20 9 LIMJERA £ 7 2R A H
P ELOAFESRITH 195 (B CTHo7-, Z OFfEIX. 2019 414 143 (B, 2020 4124
190 @M & #hnEmicd v . U7 L AMER 2 &SROSR IER L TnWbs Z L x
~LTWAD,
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X 1-1 2013 Fhh 2021 FEETHOEEERM L X S5hE LR FEAERMEOR B
il ARG TESRE - ERi e E R

E BT, 2017 FOEAEFEE OREIC L D & AARTIEEIMIEEREEOBE K 1000 77
ANND EHEE SN TRV [17]. Z oIkt ORIV RSN D, R
AL b I E BE OB R IMEEIC H W . 2013 42D WHO DOFEFE TIE, RO m il E R
X 10BN % H 2 7-[18],

INHOTF =200, MEFHOFTBEIISHGEEDL LN THESND, FFriT, @ifE
OREEDE NG T L AMEFY 7 b = T ORI, EFREIS TSSO CRRE 2l
EEFE-OLEZOLND, MA T, SMEFHOBEBEENEL BHSNLP T, FETHLF
BICHEHTE L0 7 L AMEGOTRET BT 5 2 LB RIAEND,

VI Ny =T HEREESE L TCHEELT DI LRSI, N R 2T OEESLT v
T— MR Ho THEHBMELELE LW RTHD, V7 N =7 HERERART 27 7
o—FL, EFEEREERLT AR LW Tu—FThb, VT =T DTl T AN
R Z M T D E NI OWT, 2021 FIZEEFBEN D (717 T AOERMEL
MYRICEET 20 A BT A4 220 T BRITIN[19], EFEERELTOY 7 hy=T
DRLIEF L LT, Apple Watch 23%1F 5415, Apple Watch (X, fdFE BREERE 4 (i 2 72 A
v—h U d v FLLTELERLTWS, ZOLIIC, V7 by =T NERESRE L TR
HDHIDZEIZEY . X0 RENOFIICTSGOZEICKHIE TE D B RAET VR FEE
ENTz, ARFRTIE, N—FU =7 OFIKNP IR ESNT- D 7 VAMEFRY 7 b =7
ORRFEZHET, Z0OY 7 My =TI, BREFM UZEN, FIOtESRERE (PPG) %
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EM L. R THIES N PPG BN OLMEZHET 26D THD, 1EROH 7 L A ME
I, EHON— D =7 LBBEISRHOONTWNS T2, N— T =7 OEENTOILD
T NZBEATIBREIZ LD HARBBBLETH 7o, Lo, Y7 MU =T NERERE L
TROLNL LT, ZhboDof Bz ik L, sl fig A & BN REIC %,

1.2. ABARDOBEM

FTEHRI L= PPG AW 7 L AMEHE Y 7 by =7 oFEMNITIE, 1.1 T
AT KIS, BaRY, RFEICZENENRERH D, £ 2T, AL i, Fid
2O HME LTRE LT,

cETEMAI L2 PPG A W 7 L AMESE Y 7 F Y = 7 ORISR
T VAMEFHEY 7 b 2T OFEICET LI E R AET VDOKRE

B 1OHME, TR L PPG I Z AW CIEAHEET D0 7 L AMTEFH Y 7 b
DT EBBTAHILETHDH, R THET AN 7 LVAMEFHEY 7 by 27, BIO
FTNEFEELZT AL AL, FETOFAAPEESINTEY, HETHEMEICmEEHEET
XL ENRDLND, LIER->T, RFEETHAET L7 VAMERFEY 7 U = 71X,
PC ZEHET/ SV AAF LA —ZIZFETELHRFNTTHI LT, AZ U 7 8fEL,
B/NROBECHEZHEE CTE 24k T2,

HTEMI L7 PPG IEA WD 7 VAMEFHE Y 7 N = 7 OBRIZE L TiX, » 7
VZMEAFETHRE . FORTGTA—=ZZHONWTHETILERS D, BRIZIE, B
TOWMRZITo72, & 112, /KD ECG v ¥ & PPG o ¥ THERSND B 7 L A MLE
FHIHW BN D EZE PPG ITEOANLEIH L, ZOMEEHWTA 7 LA ML E VERk
L7z, 2L C, B 7AXOMmEFFCEHll L7z fEfE & . fER L7 TRAE L 7 L AT
T 52 LT, W7 VAMEFRROFEEZ T 72, 5 212, 5RO PPG IEH 6
7V AMEEFHRET HERICHND Z LN TE D PPG KO RHEEIZ OV TREFT L, D
WREDHEBIZXTT 2 F 5% 08T Uiz, AR TIX, PPG I % /i L T b7 fE % FFi
BEERL L, B3I, 7T—F 777 b/ A XZxET 5 PPG I DOFFEED o /N A M
T, PNAFTFVA=EF =y AW TEHME L7z, 55 412, FEERD PPG i & i E 4 [F]
REICFHHIT 2 BB ATV, PPG I ORI E & M EE & 2 i3 2 Z & ¢, 77 L AMIE
FHARADER LML AT 572, ZAUTEY RPN BHELND PPGIET — % &2 el
7 L AMIEDOE N EREE 2 REE L, B LW ERIE SR ERE LT,

B2 OHME, WT7VAMERRY 7 My =T A FHE T LEDDOE TR RAET VLR
ETHIETHD, AMIETIE, V7 b =T 2EENBEETHRE LI/ UL A A F 22
—HZRIDN— R =2 TIZFEELTH 7 VAMTERFE LCHENLT LT 7 a—F &, Apple
Watch OFEF A S BIZ LT T a—FE/RFt Lz, 7 VARMERE L TEELTLIT
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H—F TR, RO RN M PERR IR HEE RS R MR L TV D IE 7 A v — b & ERR
LTz, BETYA L — F2ERTDICHTY ., TGO EL. B 7 LV AMEFHOF
HACIZBAT D BEREIC OV TREHE RIS 2 SMBEREE /0T & WEBREE T 21T o 72, FMEB
BRET AT & NERERBE /04T CIL. PEST Z0#1<° SWOT i EOE VR AT L— AU —7 %
HAWTHEEDOBUR AR L, IEOFhMEL L L7, Apple Watch &% L7=7 7' 12—
FTIE, Y7 ho=T7 (T7Y) #EFERE L TEFELTOIEORRAET VERE LT,
ZOETVRAETNTIE, N— KT =T DT v 77— MNHIFEREZ T 5 HLERL N,

1.3. FERXDEAL

R L DB EOWEZ LN NIZR~ D, K 1-2 22RO Z R LTV D,

FLIETIE FFame LTARIREOF R, B, Mz ik~25,

B2 8 CIE, MEFOBEL 2B L, MEFHSED LI ICRELTE ik~ 5,

5 3 ETIE, W7 VAMEDFHEIZA S FIH STV D RHEE Th 2 AIREEMIEHD PPG
WD OLHEE TE A ERF L. & SICHEE L7 IR G IR 2 & fF O HEE 217 -
TAERIZ OV TR B,

B AETIE, FRAETEHIIL7 PPG N BLEHRE TX 2R B EIZ W TRITIIZEZ R L, K
WHIE TR LT A RSB DAREFHROREE . B 7 U A MJEFHAINCE U 72 FH S g o
WEIZDWNWTIRR B,

% 5 T Clk, FHl L7z PPG BIBH O MLE 2 35132 JEATRFE, 38 K UARZE COME % 7
FI 27 0TV ZBTHOWTIRA, Eio, AR TIER L2 7 L A M EFHR A BEE L
A LA ROV Tk B,

FOETIX, W7 LVARMEFHEY 7 MU =7 OFELDFIEIZONTIERD,

BTETIE, KWEORR, SHROBRLEICHONV TR,



B2E
M A S 1781 0D fiE R 3 i é-
EBER TN

B3E
A D& a3 tE T 2PTTZ A

T oF

ERIRED o7 2 M EE

SHETAZ/ TR TD

\ HAE J EE 3
REDHDoETETE 2 FEE
&S DR

BEE
oL 2AMAEETEING
B

1-2 FSC DR




1EDSEXH

M & EFFFMEFEBHBHENDARASMLE, & @0 E O],
https://www.jpnsh.jp/data/jsh2019_gen.pdf (F'% H 2022 4 12 A 8 H).

21 EAF @A, THRHEWE BEOME, htps://www.mhlw.go.jp/toukei/list/10-20-
kekka_gaiyou. html (% H 2023421 H 28 H).

[8] HAf=Ed, MATEZE, e, T4, @i EiEEERE. | HARNE S MRS, 96(1), 101-105,
2007.

[41 & & 5% B 4 . ° & M 3(2021) 4 BH R E K & o #f w7
https://www.mhlw.go.jp/toukei/saikin/nw/k-iryohi/21/index.html (% H 2024 4= 8 H 22 H).

[6] HAGEMEFSEMERBETARTAANERER S, TRIMERETANT A 2019], 74
T A AR, 2019.

[6] Sola, J. and Ricard, D-G., [The Handbook of cuffless Blood Pressure Monitoring], Springer
Nature, Cham Switzerland, pp.15-30, 2019.

[71 Elgendi M: “On the analysis of fingertip photoplethysmogram signals.” Current cardiology
reviews, 8(1), pp.14-25 2012.

[8] Wong MYM, Poon CCY, Zhang YT: “An evalua-tion of the cuffless blood pressure estimation
based on pulse transit time technique: a half year study on normotensive subjects.”
Cardiovascular Engineering, 9 (1), pp. 32-38, 2009.

[9] Young CC, Mark JB, White W, DeBree A, Vender JS, Fleming A.: “Clinical evaluation of
continuous noninvasive blood pressure monitoring: accuracy and tracking capabilities.” Journal
of clinical monitoring, 11(4), pp. 245-52, 1995.

[10] Muehlsteff J, Aubert XL Schuett M: “Cuffless Es-timation of Systolic Blood Pressure for Short
Effort Bicycle Tests: The Prominent Role of the Pre-Ejection Period.” 2006 International
Confer-ence of the IEEE EMBS, pp. 5088-5092, 2006.

[11] Cattivelli FS, Garudadri H: “Noninvasive cuffless estimation of blood pressure from pulse
arrival time and heart rate with adaptive calibration.” Sixth international workshop on wearable
and implantable body sensor networks, pp. 114-119, 2009.

[12] Sola J, Whornova A, Fallet S, etal.: ” Are cuffless devices challenged enough? Design of a
validation protocol for ambulatory blood pressure monitors at the wrist: the case of the Aktiia
Bracelet.” 2020 42nd Annual International Conference of the IEEE EMBS, 4437-4440, 2020.

[13] Tan I, Gnanenthiran SR, Chan J, et al.: “Evaluation of the ability of a commercially available
cuffless wearable device to track blood pressure changes.” Journal of hypertension 41, pp.1003-
1010, 2023.

[14] HAHEA, T 7V AMEFBAFOBURES 14 |, EFRMEER S 90, 24— 31, 2020.

[15] HASEttt, (L ail, [ 7L A oo E BRAE MERR AL Bh I — 5 Fn oo 40 B M 0 [ BRAT ME L HE
LB AW, ARE T, 58(4-5), 168-172, 2020.

[16] )2 A& 558 &, TS M3EKE L EAEHRETEROME ],
https://www.mhlw.go. Jp/toplcs/yakuj|/2021/nenpo/ (202341 H 17 HR'E) .



nnE 4 % ® % 5 E e B OH oo BB F K

’

https://www.mhlw.go.jp/toukei/saikin/hw/kanja/17/d1/05.pdf (2024 48 A 16 HEIE) .

[18] HARATEEIEH TR, TitFCmEm e 2, 25 Ml EO3 AT A EfE WHO
FHAL I, https://seikatsusyukanbyo.com/statistics/2013/003575.php (2024 458 H 16 HEI%E) .

[19] EAT @A, [ 707 AOEFEERZE LI T 5T ARTA A DWW T (H 543 A 31
H—#BIE) |, https://www.mhlw.go.jp/content/11120000/001082227.pdf (2024 4= 8 A 22 H
L) .

[20] =% UR) VY —F &ar Y7407, D3N EEICLDERR A~ AT T ERA~DHH

ZA~HHAEEHROERCBI2BER (BB EH S RELHIT) ~ 1,
https://www.murc.jp/library/report/cr_221017/ (2023 4F 11 A 10 HFA'E) .



2. IMEFHRIDORERBM & BEEFE
2.1 [XLHIc

MEE, D ROMBRELZ T 2720 DEERIBETH Y | BRI R WA
ICBWTAREICD > TRHIT 2 Z & 2R S T 5, EFHIEAN X, & 300 4EA{IC
RANDFERPATONTLCE, #ATUWR S, e &k, ARETIE, mEFHO
JEESR 2B L. TR MEFF O & TN ENDORIZ OV TIERD & &bz, BT LR
i EFHR OB & OFHUFEICOW TR 5. FFIC, PPG & CljiiE 2 5l 4 5
BRI 2R Lic A 7 U AMEFHI O FIEICERZ S T, £ ORI &S TR
OWTHELET D, ZHUTE D WEREIOIRA & B 7 b A M EFHIEAIZ SV Thkim
2

2.2 MEFROESE

FTH OB LR TE DRI, HOHE TffciIc b b= v | BE O/
RICEATHHERNEENTND EE X B, EMIIC K> TRIAIN TEZ[1], MEFH
BT 2 BT 0 EBRIE, 1733 4E12 Hales |2 &k - TiThh[2]. WkiaC k- THE L 5 &k
X BIENE, MEICH T AEEHATH L CHEHIILZ, Z0ERTIE, 77X
B AW THOIGEEIAREZ 5325 Z & T, s gD mERZENhE 52562 &
ERELEZ (K2-1),

1828 f-1Z1%, Poiseuille 28 Hales ® ik A b &, MEIFHFAT LT 7 AEEZ U F 2 —
TR~ ) A= ZTEESHA T[], B, HUBEREAIE U CTHERIT 2 REED Y U L&l L
T =a—VICENGFZHEG L, TOh=2— L2 ERBMOBARICEBFFEA TS Z L T,
KV /INE7BIRC L BRI E DS HERF S AL D 2 & A E5E L=, 1847 A Ludwig I Poiseuille @
~ /) A—HIMEEE A, ¥FT T 7EBAR L, XTT T 7 IXBIRE A @B A EHI L,
EFLA U TCRRT D ETEITH D,
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X 2-1 B i FER E &R T2 Hales DEER. ol 25 C[2]0>bE# %8| H.

FEZEE D I JEFHHI%, 1855 4 Vierordt (2 X - THIFEMEDS R S 7=, Vierordt 737 B
U 7o R R 2 O 72 i EFHE, SR BN AT 1L S D72 DI EREN ZFHT 5 2
LIk o T, MEEMICIEZEFHT 2 H5ETH D, Vierordt (2 K> THRI I 7RG Z
2-2 779, Vierordt OFEH U 7o 4B TR DEMECTH o 72720, FERNCH E VB L7
Mo 7-[2], Vierordt Ok FHE, 1860 451 Marey (2 &k » Tk B &7, Marey I%, Vierordt
DOIREEFTZ I L, BOBIROME) 2T DIk & FE 7 7 72l GbEl (X
2-3), ZOBEIZLY ., IRMOEEETOSR & MEOHIERE Z M LIEn, £h
TH722E, Marey OIMJEFHE, ERIZE > TEEERNNZSWEDTH oz &bt Tk
%[2], von Basch IZ 1881 “EIZEIIRZEM] & HRAKDFEIZ K 5 £ D E RSk & FE 1L L 7o 5
ZHEZE L7, von Basch DI EEFHE, KZ& 7z L7ZREZE alRE72 = A48 S, KER AT
T LIZE NI ClEZ ek L7z (X 2-4),
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X 2-4 von Basch [Z&oCRIRSN- L ER. F 25 2] 0E#Z 5] A.

1896 4|2 Riva-Rocci 1Z, BIEE THWOHILD B 7 RO M EFH O KEHE & 72 2 Hik a2 ws
L7-, Riva-Rocci DL L 7-IMEEIE. TL20ONEHICEX (T CELKTHEL T, g
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JEIBT % Z & TEAROMARZ L, WHEHIMEZ T2, ZOFEORRE LT, B 7035k
KFENOBEAIBY B ARIEMHTH D Z ENFEF DN, & OXRAIE 1901 412 von
Recklinghausen (21> T, KVIAWA ZICEEHZ 2 Z & TSN, BIfE, FERHEM
JEFH DR 2 22— K E L THWSLILA LI, 1905 4FIC Korotkoff (2 &k » TIRE S Lz
EIETH D, BRIEIL. ERICh 72BN TH 7 EL2EZ TMENO S 2 &, Ex
SRS HiETH D, TOFIEE, FHRFEMEFO 1SO BEEICERA STV D3],

2.3 HEEOMERDFES

MEFHE, MEZFHT 5 2 & TIMEDMLE OIREEZ F1 5 72O DFHIZEE TH Y | 7
BeZiF CRSFETHHEH SN TS, MEDFHLGIECIT, RERNRTE L FFRENZR
TERD 5,

RERE 22 7 1E 3B i 7 2 IV 2 5iER 6 5, Bl EFHE, mEICh == —
VEHEFRAT 2 2 & T, HREHMOMENOENZEHEZIL, EHW T AT 2a—H%
MAWTIERNDESN 2 BRIE 5 ICAHT 5 2 & THEpICmEZFHIT 2, Z oMmEFHE,
HAEHNZMEZFHIITE 2R ERH Y | DARZR B K > TIRBRENRES N2 E 7 H (2
MTL2ANTHEASND, LAL2nb, BRI =2 —VHEFATLILNERNH D Z
EMDFETIHENTERNZ L, REEDRH H72OBE~OAHENRRENT LIRS
LTI LN D,

—07 . HFRER L GIEIME ISR L2 Z LR MEEAFIT 2 HETH D, HiR
BRI =R TR 22 751, W7 25 FIETH Y, 2o b a 72 K0 BERSIEN PR %
SNT-[1], BEZIECTEREMIHW BN S8 & L TIEIKRSHEMER 235 5, Lol KR
DEREG Y ORIBE G | 2017 TR iz “REITET DKRESHK” ITHEv, 2021 4F 1
HLBE, BT3RS M EF O RIS &t ARSI S [4], £ bR, /KSR £ 5
DOROVIZEFEIE (BELUKER) MEFLT v A FlLER 2 FW 722 TEIC LD HIE,
B LU LM A EEFHT X D RIENHERE STV 5 [5],

717 % AW EFHRN, FEREMNZRIFETH D Z L DIREM R J7E L i L TR
~OAHPNSWFERH D, FRIZ Bl A B EFHC X 2FHNE, ERITA IS TR
THRBICTE DD, FRET TRIFETHIAS NN TS, — 5T, B2IEIZ
LD MEFHINZERITA L LTS, FETOFHIETE 2V, £72, W2iET
I 7 A R L CUUHE I )E  (SBP : systolic blood pressure) & L3RI+ (DBP :
diastolic blood pressure) i f Z FHAIS 5 OIZHA-FP D[ 2 B & 5 72 O EFE ) 72 1
JEFHIIATE 22\, 510, 7RSS ECEZMEST 52 LIk o THRRIEHRICAR
PREAECSEDLZEBRAE LTET LN,
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INE TN L TCEX-EEA 2 MERE 7 7ROWFOMEEROR S mIRTX 5
FHiEELTETONDOMN, h7 LV AMEFFTH D, RETIX, 77 L AIMEZ G
5 IFEITONTIRRD,

24 HILAMEZERATEIHEDSH

B 7 L AMEFHIOTGIEL, AT 52 VORI L > THHT L LN TE S, fl
ZE EAe YRS LREE N A P UL EEERT L 5E IO ERFEIREEIC
SEEShD,

241 REHEVYEFRALEN AN)E

N ARDE (K 25) i, EAtr 3 2R L CELZFHT L HETHDL, 20K
ETIE, BEO ENGMEIEN Y2 LY TH2 LT 1ML 0mELFIT 5,
JES o iE oM L ERTUIRT IR FE L RLENNOMEZFHT 5, Z
DIFHEC K D AT O ME R ~DIE AL, Pressman 512 &> T 1963 I S 7-[6],
N/ A RMVEOFEE LT, A7 LML THBRE ST 28/ W &, 1T,
WMEAFTE D Z ENET oD, —HF b/ A N U IEORRBITEMICmEZFH3 2
OBRELNZ ETHD, b/ A RVIETEWEEOMEFZT 57-0121F, HBEICE-
TIXEr P 2MmE s U THTICH LY T, & BEE REeREBICT20ERS D, L
L. AMEOBIRIIFEAZEZRH L Z b o2 MBI L TETICH LY THZ &N
N#EETHD 9 2, FENZL>TEUFRME LT TLES Z & TRHINTE R
L ENDD, ZOMBEEBRT D70, Foar~ V27 THRAESHE (BAR) 13mEO
=t OB ED TV AT,
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Xl 2-5 b ARVIED JFHEE
2.42 REMEAVNSIAESTEIREE

S 2 ISR L FIENAERBEIRELE CH 5, HEERBIREIEIL, B A4 — R
(LED : light emitting diode) & YeitHEsaAA DIk 3 (PPG B ¥) TM®
NO MR % T 5 HETH L8], ZOHIEIL, FEROHZRZR EOHEALICK L Tta I
L, BEELIIKH L TEEREOEIC L > TIERNO MR EEZFHHT 5, BfROM
RN DEEFZEL~T 7 1 B UTIEIRFME(800 nm-900 nm) Z W4 2 etk 2 H5-> 72 9 [9], ML
BEOBCENEE S & LTEHIITTE 5, JEEAREIE THEM T2 PPG o Hid, MIEHED
BN D SR & BRI NFAET D, AR, eEAEICm T TRE L, LRt E A
WCARNZ RS Lot a it + 2 2 & TR (PPG IJE) ZaHAI 2, ZiEAI3 AR
D ARINRROAR DG & IS UL DI IREN - TR T D Mk &R OB A (KN % HiH
TLNOEEE L THRIT D Z &TW&(WG&%)%Jﬂ#é FHiEE D PPG &
FEECANV AT A =2 LN, FBRPETZSZ EdisE L3 W E T CRE 2 51
T 5, AFFRICHN SV AFF A —Z1F DOFEBHLD PPG £V BRHWLN TV D
JEAFENRE LTI, PPG B & %beﬁﬁg%ﬁ 195 k?um£®%ﬁ%ﬁmﬁ
HIENTED, Blazsd 2 e, DHEE RE(10], ML rPEesR L[], MmEDOHEE T
H 5D,

SRR ClE &2 HEE 3 2 LD SATHSEE LT, PPG i & LB HFHE T
x D AR A= (PTT : pulse transit time) [12]<° R I% 1= 3 B (PWV : pulse wave
velocity) ZFIFH3 2 HIEMRE SN TS, PTT LD S U H S 2z L - T
Az U TR AN 2 (B AT D BWRERAL 2 mdo 5 DIZ 030 D B 245, PWV IR AN ENIR 2 {51
LHETHD, K 2-6 [ITLEXEE L PPG EENGEE L7 PTT 2~ L7, X 2-6 D PW
IX PPG BV TRl SN TH Y, ECC IIDEX THA SN TH S, PPG &
A TRHU S V2 BIE D PW X EIS DRI D RO AL 2K LT %, ECG HIIT L
DULHE & shfz e > BRI E~T, ECG DR KEWE—27 1% Rk & EEN,
LDEOWHMEZ KT, PTT ZFH L CTlEA R 2 FERAIE-FEIChiz > ThRET ST

X 7-[13-16],
15



PTT

—PW

—ECG

2-6 PPG 7% (PW) &0 EM (ECG) DEFENHHE L PTT
ECG v"—27 & PW ¥'—Z O OREEN PTT Th 5,

PTT Z5HlIT % 5L, M 2-6 L HI1TLEM (ECG) TrHlENTZIE & PPG &
TEHAl SN WEOK E— 7 ORHZEN SR T 2 51k L . ECG U ¥ &b IRk &
A& 20 LT 2 AR ORI ORFFIZEN B RN T 2 HiERH 5, £z, PWV L, 5
AL 2 P ETOBEREZ PTT THISZ Z L TROOND, U7 VAMERFA PTT 0 PWV & H
TILEZHEET 5 72dIiE, IR R 0EX v TEE O 2 51 2 L8N H
%o DERIIABOHIC L D HEEZIFIT WD ) A AOFBEEZIFIT WRLERH 5
B, BEOB Y BRUERSTNAZAD IR MRENT &, 2 DOEFZFRHICLET 5
BRI S . DEROBRE ST D ONFRAR L ORERD D,

2.5 IRHEGEBERZEZRANV-DILAMEOFER

PTT Z AW Tl EZ FHE 3 5 HIENEESEA TR TS ST 5 [13-17], 2006 4RI
Muehlsteff & IXUAFEIAME & PTT & ORE£R%E ., PTT % % CRLAIA A TE— TR L72[14],
Muehlsteff © D1 EFHE AT, BARKEOEMIZET 2 2 2O HFBRAGE 05, 12T,
Y7 (E) Lt (P) OBFETHL ((2.1DR),

E = Eje® (2.1

Z I T, EFBIREEOFME, alX M EICBET 5T A—=FTHY | Ey FEIREAE D
LEDOYITRTHD, ZONT, BIIREEOHME (Y 7R) BlE PIKFET L2 &%
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ARLTWD, MENERT 2 & BREENH < 20 SESRBHEINT 5, BIIREEDOHK D
ZARIC K Db OB e B L. $RE (Fln, MEh, @EERELR L) [Z8bETalE,
T D5 LT, BREAHEET D,

2 > HIE Moens-Korteweg 2R TH %, Moens & Korteweg (£, ZiLZ 41 1877 4 & 1878
T, PWV & BhREE OB 73R % (incremental elastic modulus) & OB Z 3R L2k D
Q2)XzFEE L,

Eh
PWV = |— (2.2)

PWV [IIRIGFEHRE . EIXENREED ¥ o 73R (BESR) | hIENREEDIE X, pld ik d
BE, 2L CdImEoEREZERT, 2oL, BIREECER I X 5 M5 o g
MDA Z e U, L EHEE D7 O EAR 2 12t 5

MED EFIE, BIREEC D 28R D AN s &, BROmEIAEEL, FHEE L TRED
EREEEOHNMZ 72 6F, Ko T, IREEREEEORIEIZ LY | EROFEMRE & fE
DA ZHETET D Z LN TE D, Moens-Korteweg HFER0T, 26 0fRE2E&LT5 b
DTHY, MEHEOEHET L E L TR AL TV,

RHXEQRYXEMAGDOEDL Z & T, MEPE PWV OBfREERTZ LN TE S, Fio,
PWV (TR ENRZ (mo > TREIT 2HMETH L7, IREABEILT-RILE, IREN
BT 2 DOICET A PTT THT LN TE S, Znb% (23) NTUTFICHET,

pwy = == [PEe” (2.3)
©PTT pd '

(.3)R0%. MIEPOBINNA PWV ORI E PTT OWANC D728 % 2 & &R LT 5,

MJEP & PTT OBRE T 272012, 23)NE2EH Lz 24N TEIEILIHENTT
MWL TET,

P= (— 2) InPTT + (2) In (p thL:) (2.4)

PIREEA DT A =S & iES e & fFICELDDHEUTORE)RIZRD,
BP =e*InPTT + f (2.5)

e & flIh 7IMEFCTHEIL7z1ME ( BP : blood pressure) % HAJZE%E LT, PTT &
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L T HERSITIC K > TRIET 2R TH L5, ZORZ&, IGHEHILE & HR5E 5 i
JEOZNZENTERL, e, f. g IZRITHIS LR AF 23 L (26) & (27) XEkd,

SBPpwi=€1 In [PTTew| + f1 (2.6)
DBPpwi=€2 In [PTTpw| + f2 2.7

ZORLSMC b EEOBBRABRR SN T WD, 1995 412 Young Hid, fJEE PTT
B He B AR A — MU C o L 72[13],

SBPpw2 = €3/ PTTew + f3 (2.8)

DBPpw2 = €4/ PTTpw + s (2.9)
2009 4E{Z Wong 5%, MfiE & PTT OREfRZ — & BE% Cox L72[15],

SBPpwz = €5 X PTTpw + f5 (2.10)

DBPpws = €6 X PTTpw + s (2.12)

2009 4|2 Cattivelli 5%, MEE PTT OFEfRZ, 0% (HR : heart rate) A7 AATZ
ERE—REET/RLUZ[16), HRIE, 10Kk S Th HRfaMkEFE (Pl : pulse interval) 7> 5 &t
B %, PLIZ. WRIEDLG AN G E CORHTEEA L7z, O, 1 IOl
L7l TH 5726 60 F 2 Pl THI- 72 filiz v iz,

SBPpws =€7 X PTTpw + f7 X HR + o1 (2.12)
DBPpws =eg X PTTpw + fs X HR + 02 (2.13)

FROMEIZBNT, 7 VAMEORKEAR 2-1 1T7T, £ 221 IR LA 7 VAL
JERFOREEIIBA M TRINTZ D TH Y | FEBRFIECHE QR M HFEITME D &I
LI-DBENLETH S, Young O IIREE 2R IRMEFFOFHIMEE 7 VAT E DZED
SEE EAEHER D 2 [EOME (£ 2SD) T/r L7z, Muehlsteff |45 2 7 7 X £ 5 0 Ft
R & B 7 L AME & o7Eo B I5RA7E (RMSE : root mean square error) Tos L
72 Wong & Cattivelli &3R5 % 4 7 i E3HOFHAIE & 7 7 L AL+ & D7D fE &
PR 7= TR LT,
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# 2-1 BV AMEHBERFFROEBEEE L. TOMREIIBITEH 7L R M EREERE

sEvmn | BEORTE MEREORE (NER T EEEA)
HUEE SBP (mmHg) DBP (mmHg)
Muehlsteff [14] RMSE 8 —
REEMEL T 7
Young [13] b AR & D2 —0 =28 —0.0 %= 15

DI £ FRYE
fW72D 2 5 DA

71 7 A &

B 7 L AME &

DFEDV-E)HE +
PR (R 22

F 7 At &

BT L AME &

DZEDNYLIE £
T e 72

Wong [15]

Cattivelli [16]

26 FEH

AR TIE, MEFH ORI & BT SOW CTEEANCHA Lz, £, mEFHHO
JEL 2RV IRY | P ORERZ2HGENS . %OFREN 2 FE~OEABE L=, M0
JEFHANZ, 18 HAdD T T A8 & W RS 2 EHEREN e E U . 19 ko Poiseuille
R Vierordt (2 K o CRIE S L7 IR IR 22 5 kISR C L BUE Tl 7 Ui EF oo Haal &
72572 Riva-Rocci 02 12 b =2 7 O HFIEPFEREM 2Bl & 7> T 5,

WIZ, PERDIMIEFHI DWW TEA L, R 72 5L & IR A7 FIEDOE N & & OFFETE
W 7e BT 2R Uiz, (REEA 28 X 5T, @i EE =4V I RAEETH 5
— 5T, BE~OAERKE W, EREARIGFIEL LTI, D7 EHWDIEZERE S
PR kL U TR OB TE A, KREBHMEEF O FHBENZ >, B E R
X7 xuA FEFNERE 2> TS, £, B 7 VAMEFHIFHNCH WS i
LoTHETED, BN Y TMEZFTLDIX R A FVIETHY, SEIFEZ AW
T EZHEET 2 DITHERFEIRIEETH 5,

BB, IRIAHERER (PTT) 2MW-h 7 L AMEFFICET 5 4 fEOITE %
RLTc, ZOHTH Muehlsteff & o 75 AUXEAREE O SEPEREE & ORISR &2 £ 7 v
{352 & TRV IL->TEY ., Moens-Korteweg HFERNE DI L 70> T 5,

19



2EDSEXR

[1] Sola, J. and Ricard, D-G., [The Handbook of cuffless Blood Pressure Monitoring], Springer
Nature, Cham Switzerland, 15-30 (2019).

[2] Booth, J: “A short history of blood pressure measurement,” Journal of the Royal Society of
Medicine, 70(11) 793-799 (1977).

[3] Association for the Advancement of Medical Instrumentation. Nonlnvasive
Sphygmomanometers — Part 2: Clinical Investigation of Automated Measurement Type.
ANSI/AAMI/ISO 81060-2/ANSI/AAMI. 3rd ed. AAMI: 2018.

M B & , I K #£ 1 B +F 2 K & £ & 1 |
https://www.mofa.go.jp/mofaj/gaiko/kankyo/jyoyaku/suigin.html, (2023 4F 12 A 23 HR%).

[5] AARmMEFES &M EIERTAR T AR E B2, @l TEIRRT AT 2019), 74
T A= AR, 2019.

[6] Pressman, G. L., and Peter M. Newgard. "A transducer for the continuous external
measurement of arterial blood pressure." IEEE Transactions on Bio-medical Electronics 10.2
(1963): 73-81.

[71 Ingg(hm)eER, e /@, T~V 207 gl e Z EZBL o8l s g~ L
FL AN MEMS E1EC Y ORFENOFEAET (A Lrr ORRHEE T /R —ar
Z AR 1, Omron technics, 50(1), 26-34, 2018.

[8] J. Allen: “Photoplethysmography and its application in clinical physiological measurement.”
Physiological measurement, 28(3), pp.1-39, 2007.

[9] B —%, W28 L, B By, TRV B B % o~ o R S A
A LR, IR bR, 31-57, 2011.

[10] Nakajima K, Tamura T, Miike H: “Monitoring of heart and respiratory rates by
photoplethysmography using a digital filtering technique.” Medical engineering & physics,
18(5): pp.365-72, 1994

[11] EWNELE, [V AFF T A—FOFAE LT OB |, B ARRRKESS5E, 10(2), 1-11,
1990.

[12] Mukkamala, Ramakrishna, et al.: "Toward ubiquitous blood pressure monitoring via pulse
transit time: theory and practice." IEEE Transactions on Biomedical Engineering, 62(8),
pp.1879-1901, 2015.

[13] Young CC, Mark JB, White W, DeBree A, Vender JS, Fleming A: “Clinical evaluation of
continuous noninvasive blood pressure monitoring: accuracy and tracking capabilities.” Journal
of clinical monitoring, 11(4), pp. 245-52, 1995.

[14] Muehlsteff J, Aubert XL Schuett M: “Cuffless Es-timation of Systolic Blood Pressure for Short
Effort Bicycle Tests: The Prominent Role of the Pre-Ejection Period.” International Confer-ence
of the IEEE EMBS, pp. 5088-5092, 2006.

[15] Wong MYM, Poon CCY, Zhang YT: “An evalua-tion of the cuffless blood pressure estimation
based on pulse ftransit time technique: a half year study on normotensive subjects.”
Cardiovascular Engineering, 9 (1), pp. 32-38, 2009.

20



[16] Cattivelli FS, Garudadri H: “Noninvasive cuffless estimation of blood pressure from pulse
arrival time and heart rate with adaptive calibration.” Sixth international workshop on wearable
and implantable body sensor networks, pp. 114-119, 2009.

[17] Sola, J. and Ricard, D-G., [The Handbook of cuffless Blood Pressure Monitoring], Springer
Nature, Cham Switzerland, 60-73 (2019).

21



3. IREDHMNSEET S PTT AN -IMEHTE
3.1 [FL®IC

A7 LV AMEFHINZ B W T, REASFEREE (PTT) (XEE R NT A —2 & LTIALSFIH
SNTWDH[L2], ZD/RT A=, Tk, DI HE) LI B Z A I 7 &2 RHTE
% LEX (ECG) ¥ EHER~DIRE OREL M C& 2 EAMEIRE (PPG) &
DIEBOENGENINTE[3], k0D 7 L AMEFHITIX ECG B2 H & PPG £
P, E7201F PPG B ¥ E TOMND—HT, AW TIIH—D PPG ¥ DA% FNT
A7 VAMEZFHT 5, B E2OEDIZTHI LT, A7 VAMEREZ X0 FE)
DIKITA NI, V=T TTNTNA ANOEELRGIZTHZ L2 BT,

ARETIL, H—0 PPG N LEFE S PTT (BIEE, PTTew) 23, 3K ECG I
& PPG A AW HIETH LI PTT (LU, PTTecesrw) & —ET 201 E I 0EHL
T D, WIZ, PTTew & AWV MEHEE 2TV, 7 7 Xl EFHORIEM & ik L, 2D
R EE ARG 20

3.2 H—OiREISETEL PTTew OFF

ARENOFERLHE DO —EITELZ O T — SRIEBRRONV FRA, o215
THEHL LTV 5,

321 PTTOFEAE

PTTew it B ZIET D722, A—F T 7 AD PhysioNet 7— Xt~ FE&FHL
2[4, ZOF—Fty ME, 2022 2y R=—R¥E (A=A T V7)) T24 (B 16
. etk 6 4) OREFENOFHII SN T — X TSI TEY %%%izoﬁwgss
e () 2855%) . HE 173+ 17 cm, KE 72 +30 kg TH BH[6], T— X &~ MIix, JEL

LRI ﬁ@@ﬁ\%ﬁ@@ﬁuﬁﬂéﬂtEUB&%%&U%”@PMB&%#Eiﬂ
TW5, ECG I L PPG EIBIERFHAICFEI STV S, PPG WIEORIEITAEFAZEL
FROKREE i, o7 U 7 b— Fid 500 Hz, FHAUFEIZHR 8 0 CTH -T2, AT —
¥y MZOWT, & 24055, $HE PTTew it BRORMEK ZET 5 72 OIEH
L7z, LT, &0 O¥8%E PTTew OFHIICAEH L7z, PTTew OFHEXITH W BV D AE
BOWEIIE, T2 FBSNEROT—% 11, 5 Btk 34F) 2 L7z, PTThw D
AL T — 2 JEEREFEROT—F (WL, 5 b4k AL,

FP AL O PPG 2 T PTTew st SN2 PIE L7z, PUEICIE, RS 880
nm @ PPG i JF & v 7z, PPG IIZIE, &k 0.75 Hz 726wl 5 Hz D#HOAAERA /3
L AIGZ (FIR : finite impulse response) /N> R/XA 7 4 )L X % LT/ A AOFEZ
ZTbDEMEH LT,
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PI

CT
—

—_— P“F

—
PTTECG+PW

ECG

4 3-1 ECG & PW DD ERIBFIL, £ DA LEHBE LIZEIZOVT

3-LIZRTLHIC, ECG EHENMD R —2 (Rpeak) %, PPG JFED b ARFHIE I D
v —27 (PWpeak) ZRH2DHZ LN TE D, PTTecerrw 1F(B.D)RUTRT XL D12, ECG D
Rpeak & PPG 210 PWpeak D% Eu 5 Z & TR L7,

PTTece+pw = PWpeak - Rpeak (3.1)

F2. IREOHENL G, 3-1 IR TIEY ., FHIECTHDH Y LA MEERE] (CT : crest time)
& Pl &R, CTIINREON S EA3 0 B 27~ L, IREAIETE OR8> 5 PWpeak £ TO
Kl Cd D, F£72 PHINRAMEE LHOE S 27" L, IROIAETE O MR £ TORFHEZ KT,
CT IFEROME = DFFIES., LILEREBOSFHICAN TH L Z LM Atlly HIZL > THRES
N TWB[7], PliX ECGE 5D R-RIEIEE AW OHMNE & @ WFERZ FF> Z 2% Lu BT
Lo THEIEENIZ[8], &I TEHEIX PTTrwalHRIC CT # MWD Z & TEHINROM S % Bk
T&E, PIZHVWD Z L TECGIEIED RIEZ KM TE 5 LER T,

—J5, BH—® PPG N LRIE X415 PTTewiE. CT & Pl & 1 IROIEITHAAALTE H D
ELTER2ANXTELE,

PTTpw=a XCT+bXPl+c (3.2)

ZOFERXOREIE a. b, ¢ X, B/ FRIEIC K DEER T2 W THE LT,
Microsoft Excel for Microsoft365 (ver.16.0.13801.21072) D541 — /M2 & £ 5 [El i o4t ©
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FHE L7z, REAEERET L5720, (31) N TEHE L7 PTTecoww & BHIEELE L, CT &
Pl ZiBAZE Sl L7z (3.2) TR/ _FIEIZLDEURONT 21T o720 SHTOREE., kD X
I IEN GBI ((B.3) ),

a=0.661. b =0.066. c = 0.210 (p < 0.05) (3.3)

T L TELN-AE F OfEIL 0.05 K (A E F=1.55X1008) THY  IRiE
84 LEVMENELITZ, ZAUTEY, UTFIZART PTTew OFFRERAZ1G72((3.4)

2B, [BF5y
23 R2 OfEIX
Et) o

[

PTTew = 0.661 X CT +0.066 X Pl + 0.210 (3.4)
3.2.2 PTT Q&A%
PTTeccirw & PTTew & DB

Hi—@ PPG & % TR L2 TE O AN GEE L. PTTew Y, ECG Y & PPG BT
FHE L72 PTTecowrw & EDRRE KT 2025 L 7=, T—% &> NOEEND PTTew &
PTTecewpw ZatHE L. WE OREMEWEEZ B L, ZO%. 1 12 L D PTTecewrw &
PTTew & DZEZFHH L7, PTTew & PTTecerew DA IMTEUIZ OV TIX, ECG JIE & PPG i
JE23 500 Hz, 2%V 0.002 7 Z L ICEHIIS LTV A2, /IMIRBLT 3MiETE L, K
BECIXT =%y 24505, T—2FSRHFROT—F %M LT,

PTTecepw & PTTew & DL TIX, PTTecewpw & PTTew ORFEEME A N EHEE L
72 PTTecespw 38 KUY PTTew DORFHIFEEIL, —EREH] (20 & L) THLNZARIED
B A & etk E RO IR T PTTecesew & PTTew Z5tH L, £ % PTT OFHHEIC
MWTEARIE OECTHE LT & L7z, PTTew & PTTecesrw DRFFIEIIED LLEHT, WH D
REfSEREOZEZFHE L, TD 68%EHXME 5% BB 2 MRT 52 & TIToT,
PTTecoerw & PTTpw DFE% . PTTecosrw & PTTpw O—ERFRICIIT HEDEH & L TEHE
L7z, TDh, ZOEDFEE PTTecorrw (52 (LLF, PTTecowpwSD & FiD) Difaxt
E ¥ 2 e 2 2 & T PTTew OfR Y 23, PTTecespwSD BANIZ A S TS E D D% fife
L7z, PTTecowpwSD 1L —EREH CHOLNARID 5 H. i) & Feth & bR\ - KAk Cab
B L7z PTTecorw DIEHERZTH 5,

PTTew FHEARIZH T D7 —F 7 7 7 N OEEORE

BRLE PTTew DFHERIZHT 27 —F 7 7 7 NOEEBELHERT 5720, MATLAB #H
WTCya2alb—var Y7 =T EERLT—F 777 Mz Tl- PPG EE T LT,
ERIC & 7o > Tl Tang H[012SFIC LT, £ LT, TOWRENLEHE LI PTTew 3 E D
FET—F 777 NOEBEZTF LML, ZOfHMEIE, 7—F 777 FEEte PPG
WIEMNSRFE L2 CT & P Z2Q)UT Y Tixd PTTew 2 3HH L7,

V3al—varyV 7 =TT, UTFOEREAMNSBI)NXNTHE L PPG JHE %
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LTz, BHERXO Tibm Lmichn2 KR (60 B +.04a% bpm) | t % PPG Dk
M. to (XERTOAIOK THB, RN X7 %L/ A X, BLD (Z3_X—AF A KU 7 b,
noiseAmpy IFX—2Z2 7 A > R U 7 kDO KIENE. noiseAmpy 17 v &% I ) A XD KIEIE,
random (% 0725 1 DI TT » H LARME, tnex 1 Z PPGIETEDO RS, Th D,

_ 2m 35
W= (3.5)
x(t) = cos(a) x (t — to)) (3.6)
y(t) = sin(a) x (t — to)) (3.7)
(t) = arctan (y(t),x(t)) (3.8)

2 o(t) — 0,)?

z(t) = Z~=1ai exp (— %) (3.9
BLD = noiseAmp, (3.10)
PPGg,p, = z(t) + BLD (3.11)
RN = noiseAmp, X random (3.12)
PPGpy = z(t) + RN (3.13)

(39U TILD HIEIZ DV TIL, Tang & OBFFEQ] TR SN/ fEZ S L, ar = 1.0000,
a; = 0.1999. 6; = -1.5161, 0= 0.8186. o1 = 0.6303. o2 = 1.2055 & L7z, ZiL5H DfEIZL,
Tang & DOWFFE TR ENTAENGEIHALTZ[9], £72. LHEIE 80 bpm, tmax I 20 FPIZERE
L7,

PTTew st ERICK T 27 —F 7 7 7 FOREZHZRTHFIRITKDOLEBY THDH, 3
2=y a7 by =7 TS 80 bpm @ PPG % 20 0 /1 LT PTTew 23 L
72 PPG IO N K E 72 z()1X(3.5)X 5 (3.9)XA W CRIE L7z, 35D T 25 HE
Wi, D% 80 bpm & vz, (3.9) D z(O)IFARkI 1H15 DB TH B, z2()DIEIEN S
FHE L7 CT & Pl #@BARITY TEIH D Z & T PTTew DFHEZFSE L7z, KIZ 80 bpm D
PPG IIEIZKI LT, X"—=AT A KU 7 hEMATHIILEEENS PTTwen 2. 72
B AR M THIIINTEENS PTTew v EitH LT, X—RA T4 KU 7 RN
2T A 2O DO KRR IZ L CIEDF AT, £ 50%, 100%. 200%.
300% D #EME % noiseAmpy IZ A ) L TB.10)XTEHAE L7z, (3.11)THAE L7 PPGeLo D
ENLER L CT & Pl #@4RNUCY TIDDLZE T PTTeweo ZalH LTIz, T X L)
A X% MRTWE %, 2()DIETE O KR L CTEILZEIL 5%, 10%, 15%., 20% DR
Z noiseAmpz (ZAJ) L C(3.12) TR L7z, (3.13)xUTEIA L7z PPGry DITEMNHER L
72 CT & Pl 2@B4XUTH TIXHDHZ LT PTThwrn Zat® L72, PTTew. PTTrw BLD.
PTTew rn &, 20 B%) UNBUSLAT 25T T 26 #157) 2vDH, =7 —% R Tl & e D
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RF 2 BN =, 24 a0t Uiz, Ik 24 31D PTTew & PTTew pip & D 2% F KA Tt
L., ZOEOVY L IERERFAELZFR LTz, FERIZ, PTTew & PTTew rn & DZED V) L EHE
REZFHE LT, PTTow SHERICKHTAR—ZAF AV RU T N TUH L) A4 RDEESL
S L 7=,

3.2.3 PTTece+wrw & PTTpw EDHEFER

PTTew st B DOFEMIZIZ, T —F BTN EGFEOT —4% 11 %2 H T, PTTecorw &
PTTew & DEZEET HZ & TIT o7, PTTecewrw & PTTew & DEZEFE LR RA# 3-1
WZRd, # 3-1 Tk, dHERGHIEET — % 111D HR & PTTew & PTTecospw £ ALEILD
RFfE 85 AR YER 22, PTT W& OZEDFHB LU I 6 OFERHMEFE Z R L TWd, X
3-2121%, £ 3-11Z/R L7z PTTecospw & PTTpw E2LE VD NERE 2 KidhIC . 752 Mtk & L7z
Bland-Altman 7’7 v k&7~ L7z, Bland-Altman 7' &7 » ~X. 2 ©OFHMER O —E & %5
T2 72 DIV BN D FEEITFIET, 2 OOFHIMEO 22, 2 SO FHRIE O %
B 7 ey b LB TH D, BN FAE 2 V2B ML, 2 D OFHAMER O 2K
B 7 BRI AT T 272D Th D, FHMEAENCED 2 & T, FHUEO K & JI2BIfRA
<, EROSHE B LTI TE 5L 512745, Zuck v, FHAMED B OERE LR
HECTELEEERELTWED, FHIEERIE@HEHCTERNEEH L T D NEHRREN
\ZfEFR T & %, Bland-Altman 72 v FMIEWT, HEN IV EHBT T 5540 LTI,
o 7wy RABafHEICER L, 150X NEWEE, Zo0FHHMEA—F L T
52 & xR L, FHATEDERENER E v Il T E 5, B BT o AR O RFfE SR
DFEDNFEIE, MRII T FE O Z2DOSF-EIE + Wi OZEORERERZE TEHE Lo m#H Ok %)
DFED 68WIEHEIXE T, ZDfEIZ—0.007 £ 0.022 W TH -7, £7=. WHEDHEDFEIE L
1.96 X [fi 45 D ZE DR 7E TR L2l O 72D 95%—F R I1%, —0.007 + 0.044 ¥ TH

27,

RIZK 3-2 @ Bland-Altman 7'& v F ZFH LT PTTecewew & PTTpw DZEEZFRFT L 72,
PTTece+pw AR HEMR 2= OffacHE L AIE X 0.022 B0 Th o7z, PTTecosrw & PTTPW DIFfHEY)
DZEDKERMEEEE 0.019 B TH D Z L 3D, PTTecespw AR (R 22 O HE 1) & iz LT
W5 DR D ZE DAGHE I DS/ SN2 L3 gy ino Tz,
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% 31 F—EZEBENFEOT —2 11D PTTew & PTTECG+PW DR EE) 1 L UME#ER
Z, LA BIOWRA 1L AZLDZEDEY

PTT PTT PTT PTT
F—X Dl oW Ecerw PW W BT
S boml gy EwEE RETEn SRz B
[s] [s] [s] [s]
1 74 0.335 0.006 0.347 0.006 0.011
3 73 0.373 0.004 0.356 0.004 -0.017
5 77 0.356 0.005 0.365 0.004 0.009
7 67 0.315 0.018 0.350 0.011 0.035
9 76 0.354 0.015 0.343 0.014 -0.009
11 66 0.446 0.054 0.403 0.038 -0.043
13 78 0.359 0.060 0.369 0.041 0.011
15 83 0.411 0.029 0.373 0.025 -0.038
17 75 0.353 0.013 0.342 0.011 -0.011
19 84 0.410 0.031 0.384 0.020 -0.026
21 83 0.328 0.006 0.329 0.002 0.001
%ﬁquﬁ 76 0.367 0.022 0.358 0.016 0.019
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0.050

o
R o e T
= 0.000 °
BB eeeeeeee e ee e re e eee e ree e ne e aeamee e
Y
o
. AL
o
o
-0.050
0.300 0.350 0.400 0.450 0.500
mean (s)

X 3-2 Bland-Altman 7ryMIXdT —ZEBEBEFEDT —4# 111D PTTecerw & PTTew
DR O B, JBRIITE DR S D Z D FEHME ., B IImE OZDO X E L HEF O
ZEOEEFETHRELZEE OREEHDZED 68%EHEX EERT,

PTTrw HERICHT BT —F 7 77 bORE

V3al—varY 7 T THAOLE PPGIMNLEIE LT PTTew &, X—RZ T A
Y RU T NEMXTHE L PTTew sip & DD L 22D HERE2 K 3-2 1277, PPG
BT D KIRIED 50% E TOX—AT A RU 7 hEZTH, PTTew & PTTew ep & D
72D+ 73 0.000 = 0.000 B TH o7, HKRIRIED 100% L D H RENVWR—2T A K
7 NEMA TG, FOX—ZAF7 A4 R 7 NORIENPRKELS RDHIZLTEN > TS L THE
DR REL 2D T Lotz

3 3-2 332l — a7 =7 THAHLE PPG BIBICH TN —R5 4 RY 7 hD B 5

R—RF 4 R 7 hDIEE
50% 100% 200% 300%  500%

DA [5] 0.000 0.002 0011 0.023 0.039
FEOMEHERF= [s]  0.000 0.000 0.000 0.000 0.000

PTTew &, TV F L) A X &M THE L PTTew rn DZED T & ZEOIE YR 7 % £
3BIWEART, FUHL)AXDIRBRREL RDHIFTE, ZOFEHNRRE L RLMERMNBEL
iz, PPG DI KIRIED 20% DT 4 ) A XA =551, PTTew & PTTew ry &
DFEDFH L ZZDOEHEFAOENI R REL 25 (—0.017 = 0.018 B) FEREH-, 7B
HKIFIED 20%F TOFERICE EF > TV HEHIE, HKIEED 30% LT &5/ A
REMZ T A1 PTTew ru ICHRIADIE RO E — 7 OB TE RN LIC K D3 HE =T —
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IR L, SRR DN NS Th B,

#3332l —ar V7 =T CTHAILEZ PPG KT T2 F LI ARXDE

F BN A ZADIRE
5% 10% 15% 20%
S DI [3] 0.000 0.001 -0.011  -0.017

7= DIEERZE [s] 0.010 0.017 0.009 0.018

324 %

ARETITEENEREL-G2)XTEHE L PTTow 28, KD PTTecowrw & A ICH 25
DR 572012, PTTew & PTTecowpw & DEZER LILER LT, X 32 2R 25 &, 114
8 DT — & T PTTecgew & PTTew & DZED MBS, 68%EHXEIOHT TH-71-2 &
NH ., BEREOMF DL, 7 FREDOT — XT3t LT, PTTecorw D 68%15 FH X [H —
0.007 = 0.022 P OHIPHNICEB S EDH Z L &R LTz,

PTTew it RRICKI T 27 —F 7 7 7 FOREOFHHICIL, £32LK33DT—FEHWn
7o 2%3-2 L3 3-3DED VMG L FEAEFAEN/NSVIELE, PTTawat BT T F L0 4 X
ER—ATA U R T MZEDT—F 777 hORENNSL, LELULFHIGRZ N
THZEEERL TS,

R—=RAFA L R 7 FOFEZONTE 3-2 LV, RIEHN 50%, 100%, 200%DHE
ENENDZEOEHEOEIX, 0.000 7>, 0.002 >, 0011 %, Tholz, ZDEDFHED
fEIEER 3-1 127~ L7z PTTeceww iR IR 2 D) 0.022 B LV & /hSVWMETH -7, =
D NG PTTew st HRIIN—2 T A > N U 7 N O#RIEA PPG TE O i KIRIED 200% L
DINSWR—Z2F 4 R T NOEEBELZEAEZT RN ENbhoTe, —FH, N—2A
T4 KU 7 FOIRIED PPG I O KIFIED 200% L W KX\ 300%, 500%DHE. 7%
DOFLEOMEIX, 0.023 F, 0039 B THY, X—=RATF7 A L RV TZ7 FOKREL2DHIZ LN
STEDVEEORELS LD L2 R Lz, ZOWVEE &I RAIC, ZOFERAED
fllx, R—=AF7A4 2 KU 7 hOKZSIZHEDHT 0000 TH-72,

TUHE N A RO ONTE 3-3 D PTTecorrw & PTTew DZEDFKE RIS JRIE N
PPG JJE D KAEIE D 5%, 10%, 15%. 20%DH4. 424 0.000 £ 0.010 £, 0.001 +
0.017 ., —0.011 + 0.009 ., —0.017 + 0.018 W TH -7z, ZHHDEIFFE 3-1IT R LT
PTTecc+pwSD DFEXHENY) 0.022 L0 H/NSVMETH - 72/cd, 7T—F 7 7 7 FOEE
23 PPG T DI RKIRMED 20%LL F OHE PTTew st HRILT —F 7 7 7 FOEEN /SN
R TX D, PPG IMIEDRKIERD 20% L 0 KEWT U H L) A XD T, PTTew D
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HET T —ZRAEIEIREERH DN, TFUH L) A X EFR/NBIZT D T RBM
HThd, 7VF L/ AAXDRFRNE LT, BMENFET BN D, BHTIL, BRSO
TINOELFDEEET 52 LK TAEL, 2FEERIChIZoT—EThY ., HEDE
FIEE DB H T B,

PLEDFERNG , 2SIV AFHR U RA—Z I EOHE—0 PPG & Y DOLZ ] L7~ ks
WL TPTT 2 HEE TX 2 A[REMEDRH D EfbimD T 7=,

3.3 HE—0OIREMNMEHELE PTTewZAL=AT7L R ME & F X O E Ak 5T
3.3.1 PTTewZAW=H7LAMEFFEXDER

A7 L AMEREAL, FEX (26) s (213) Xob 7 v x i EFERE AR
L LT, INHORIL, RTA—=HZ PTTew Z W20 7 L AMEFERTH D, FF
HA (26) An (213) KicBWT, RKo/8F A —2|Z PTTew & VN2, SBP IZBHT %
AT SBPew 315, DBP (2RI % 31 5H T DBPew it AL R L T2,

(26) o (213) KoKRmIE e, f. g OFHE X Microsoft Excel for Microsoft365
(ver.16.0.13801.21072) D43 HT> — /WA & £ D [ENRSHT TR Lz, BEUROHT T, dEE
(2.6)z% « (2.8) -+ (2.10)=X - (2.12)XTlEH 7 R JEFHTEM L= SBP, (2.7)= - (2.9)
A - (211 - 2.13)= Tl 7 MEFHCTEHAI L 72 DBP) & HHIAH L L, PTTew & it
EHE L, HEARMESN TEHA L,

AWFZE CIEEEBICERE LWL 7 7 L A MEFEREZ KV AT 72D, F— 2 _—
A DR & MECTEHAEXEZRE L, £ 0% FZBRIE TR Lok CRHAEXAFML, 7—
B R— ZDMTE & e b BZEN D720 H 7 L AMEFERERE LT, 77 L AMTERE
KOMERIC W2 MEE & R T — 2 1%, AFPNRESREET —4%, BLOY 7+ Y
=T ERELTWDE Y =7 YA FTHD PhysioNet [4]2°5H 7 7 A T& % Mehrgardt &
(2022 =, A=A T UT) BIELTZLDB)|EFH L, T—F_X—RA|21E, ¥ K=—
KFD 22 N (N64&ME) O 205% 05 50 seA RO fEE N 2 xFUTFHI L7z i E e, JHE
PREC V' — 7 R 880 nm DT ARIMNEZ FHWVC AZE LIEO 1 BT CRRI L 72 IR AN 5 &
nTns,

3.3.2 PPG EM%E&HRATE/N—FOT7

AHFZE TR L7 TR L7 PPG I &2 FIWC o 7 L A MJERHI 21T 5 EBk (LU,
RIEGHE) DOIMBLEIK 3-3, RO A A —T %K 3417 T, REBREO NN— K7 =721,
PPG I AIMERE 2 Fr D EZ T BB E TR L TV EH /v A FF o A —% (OTLS-01,
7 KRR 12, PPG N ORMELZHAE T Y 7 by =T E2FEELZ LD R
W, REBHBICHWZ SV AAF T A —Z I IWHREDOANZE UIRICEE T Z L2 HBEL
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TRRFFEN TS, HRE L TE—VEERREANLTHSH 660 nm LITHRINETH S 940
nm OFJEH A A — R(LED)2Y, Yektias & L T7 4 & A4 4— K (PD : Photodiode) 7%,
AD Zfigs & LT 12bit © AD a2 N—Z Wi > T\ D, REREIIA X FT7 v TH)
TET 52, EBROFRIC PPG BT — X % PC ICEETH I LN, EBREICKH LT
RS232C 7 — 7 /L &% LT-, AWFZETiE, 25D LED ® 5 5 940 nm DU R Z IR &
LT, 7V 7 L— MM 130Hz T PPG B & 51l L 7=,

3-3 EBHOINE

R5232C

B

Himip 1A 15V T AREHPC

AFLAMER T4 R

X 3-4 EBBEOERDOAA—Y. MCU iI=Af7uaya—Ja=y i1,
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3.3.3 FAWMETHRELLYIMIzZOMEHTESOER

AT LY 7 N =7 OMJFEHE 7ot 20N w2 K 3-5 (TR Lz, MEHEE
. IREEEHA, BUALER, BR¥ET — X EE. MEEHEED 4 SO a2 675,

F. REEHICIE, PUOBE 940nm @ LED SeAFERICHE L, MikDmnc k- T
LET D ZBEOMEL PD TEHIT 5, FHUMS IR T — #1%, &t OLH 4 IEfEIC
ITRADE T, /A RXRERET DRI Z1T O, BARAIZIZ, N RNRLEE Lg%
1796 N RNRNATZ A NVEIIT T v B A7 IS 0.75~5 HZ IZRRE ST 2R F—T
— AT A NVE 2, SEREIZIEY 0 RUBE 6 b VR OBENEY T 4 V2 2 WD,

W, BB SNTERET — 2 06, MJEE A HEE T 2 72 OIS B AR IR O R 8UE %
B 5, BEEICE, IRKEOE— 7 BRCEEORER ENEEND, K% OMEEH#EE
TIE, FRNCER L2dHR RIS, FHE Lo IR OFF %28 LT SBP & DBP ZH#EE 7
5o H7 VAMTERENKEFORMEIL, BEOT — X ZHKIZ LZERSITIC L 0 EEH
S, MR ORISR L MEEOBEFRERLTND

Vs NN L\ AR

- N N N7 ~
W s H RTALIE H W"*‘Ef%:_ﬁ H i 52

. A . A . A ., A

X 3-5 PRk 8175 i EHEE DL

3.34 PTTewZAWEATZLRAMESERX O 5%

PTTew 2 HWCTHERL Lol 7 L A MJEGHRXOREE %2 . H 7 R LG CEH L 72 f e il
CH U CRMI L7, EBROBERF X 20 {5 501> 184 (Hk 1444, &tk 44,
ThHEHE) Thoto, EBRITEI L, T_RTOWRE I L TERONELS L OEFICH
THHBA L, EEICLDREEST,

FBIL, EIRD 26CITRTZNTWD A7 ¢ ARETITh o, #EBREIX, Rl 7
WHE T B3 7 MEF O N 7 %2 EANELEBIZIES 7 VA MERFOFEREZ . £
NENEE LT, B 7RMEFHTIEA 2w o~ L 2 7 T RERS D HBP-1320 Z4# L.

AR OFHANZIZ, 3.3.2 THDK 3-4 [Z/R LToh 7 U AIMTEF O RS E Az, BETT
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THERHE LTI DOBIEZ DTV, PERAE DL FIRRE TIERLZ 5 AR - o1& i 2 F
L. £0O% 1 53 HOLE 2R LT 4 BRI 2 50 L7c, AREEHAIATER o M= 0 1)
. WA OMEREE LTHWe, 7= BHICE LTI, MAEBRKEOTZO, HiRE
IFE S TRl ST,

FHE U 72 R 20 D R PTTew 238 L. 2 OfE & FV T (3.14) =0 5 (3.21) oo FH B K
THZ7VAMEZHE LT, TAENOh 7 L AMTE & A 7 KU E 5 CTrHA L 7= &6l &
DO 7EE LT 572, Bland-Altman = v h&{Ek L7z, B 7 LV AMJE & MEEO =%
fedh, 7 LA ME & iEEOEE A B 7 ey b5 28T 2 2 SOFHIS
BEO—BE A RACTM L7z, ZORBEEMFICONTIE, HFRELEFHORB»ORE
L7,

717 L AMEFHRROREEEMFIL, FREMTER (07X OEEEHME 1S081060-2:2018
DHHEIZHE S T2[10], DFEHEIZHES T, IRENSFHE Lo h 7 L AME & B 7 XifiJ£5 T
FHHI U 72 Ml & OEDOFHE L | ZOFHERAEZ R L, ZOFHEA = 5 mmHg LI,
EOEHERAENE 8 mmHg LL F TH I ZHLMNIT 5, 4FEOH 7 L AMEFHEK D
MT, #7 LV AMEOHREMEISEDNS S 0%E, 4 FHEOXNTENETNHE L7 LR
IfiLE & B & O ZED T & (R 222 i U CRh L 7=,

3.3.5 PTTewZAW=HILRMEEE X OFHE#SE

HE L 7 U AIME & MJFEfE & & el U7~ Bland-Altman 7 2 v k%X 3-6 IZ~3, Zi
FNDOZ T 7Zx LT SBP & DBP Oiiaz~7ry kL, £XOFIZED 7 L AMEG
e, ZoEke t f, gOEERT,
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e SBP ¢ DBP

e SBP ¢ DBP

40 40
(Eq.1) BP=eIn PTTw + f (Eq.2) BP = e /[PTow + f
~ 30 ~ 30
o0 ° on
E 20 pod ..O IE 20 o0
L,
E 10 ®o x,. E 10 €, L
Ay . [a W) © @
B0 %9 > a0 o
8 .50 S, 100 ® ¢ 150 8 .. 50 °§ 100 o 150
2 -10 %? LR £ -10 e .
. o3 s
& -20 oo & & 20 ® 6 Y
= -30 . = -30
40 ° 40 *
mean BP (mmHg) mean BP (mmHg)
¢ SBP oDBP e SBP ¢ DBP
40 Eq.3) BP = e PTTw + f 40
(Eq.3) e . (Eq.4) BP=e PTTow + fHR + g
—~ 30 — 30 .
T 90 % = 20 o °e
g g8 ° o© o = o % .
E 10 P oo ‘::. £ 10 <z3°<>8 S
ol ol o %
ﬁ 0 %g :: ® % 0 . o °
S ;50 % 6100 850 S (50 %0100 e 50
2 -10 L4 £ -10 O
8 & o. g g% 0. [ )
% -20 o © & . % -20 o [N R
30 30
° [ ]
-40 -40

mean BP (mmHg)

mean BP (mmHg)

3-6 PTTewZ W TEHE LI 7LV R LE L I)EfED Bland-Altman 72wk

c PTTew Z W24 7 L R I JEFHE

(@)

SBPpw1=85.781 In | PTTpw | + 197.68

DBPpw1=37.762 In | PTTpw | + 111.374

(b)

SBPpw2 = —32.660 / PTTpw + 200.923

DBPpw2 = —14.148 / PTTpw + 112.203

(c)

SBPpw3 =221.78 X PTTprw + 30.106

DBPpw3 = 98.813 XPTTpw + 37.149

(d)

SBPpws = 343.39 XPTTpw + 0.495 X HR — 52.809

DBPpws = 196.86 X PTTpw + 0.399 X HR — 29.692
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[ 3-6 T/RL7EH 7 U AME & MEEE DZEIZONWT, #ERE O ANELTHEY L2 fE L 42
WRAZR 3417 T, K 3413, ZTNTNOFHREKXOEICK LT PTTew DfEZ AT LT
FNENGR LA 7 VAME & MUEE & OZEOFHE + EEREORMRE L OR
Thbd, X34 L0, W< OD»OH 7 LAMEFEKXT, 77 VAMEE MEMEEDZED
A & AR R ZE 03 K 1S081060-2:2018 D KL UE A 7= L 7=,

% 3-4 IREDDEELIZ A7V AMEE A7 UL FE FH CoHEIL7- M EEE DO ZD EHE L IE R
=

A7 VAME & MEE & DZDNE + ZOFHERZ (mmHg)
(@) Muehlisteff  (b) Young © (c) Wong 5@  (d) Cattivelli

5DR O = 5D,
SBPrw 0+ 10 0+9 0+ 10 2+ 10
DBPpw 2+7 2+7 2+7 4+7

3.36 #EE

— A N— A TREBARE LT 7 VAMEFRRKUCIB N T, 77 L AMEF O FE5R
M2 W ERICEY, PTTow 2 WA 7 L AMEDOKEZHR LT, 3 34 LV,
Muehlsteff & ®3X[11]. Young 5 D3 [12]. Wong 5 DX [13]2 BB L= h 7 1 A

DR EREEIIRRECH D Z LN oholz, £z, Cattivelli HOX[14]% 5B IT/ERK
Ltﬁi fthd 3 ODFARNE L L ThTURWE TH D Z E RN ootz

= 2T, PTTew Z I\ = SBPpw & DBPpw DEHEZN. H 7 L A MJEHEFEIZIE L 7= R
Td D0 L7z, DBPew (2T 7 L AL & MEAE & D7, FEHEME D D FEH)fE
+ 5 mmHg., ZOFEERALT 8 mmHg N ThH o7z, —F T, SBPew IZIHWTH 7 L A i1
FE & MR & O3 OB EE ORI Ch 572, Btk ). 77 L AMEDF
B, BHC SBPew OFFHEICIE, B D HHME A AV AR A VRS D BN B D T L B8y
Mmoo Tz,

3.4 F&EH

AWFFETIX, B—D PPG BV 2 HNWTH 7 LAMEEZFHET 572012, FERD PPG
WD HFE LIl PTT 23R T 22k L, FHMili L7, ZD%., fERD PPG
WIEDORBNSFE L PTT 2V TH 7 L AMEFHER AR L, ZOFMEiA2{T-7-, %
HREORERDLEX EIREDHRE L PTT & FBROIREOHZNSFHE L2 PTT & 0%
X, TEFEE (114H 84) DT —H T PTTecowrw D 68%(EHHIX[H —0.007 = 0.022 FhiFH
NIZBSEDLZ L2 LT, HROIREOHNLFHE LT PTT ZHWTER L2 7 L&
MEFHR R T L 7f5 R, SBP ICB W TIHBENMELS . BIORKFMEEZ AW LILERS 5
ZEMIoT,
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4., FREDAMNLEETESIHEELME L DR
41 [L&IC

ARE T, R TEHM L7z PPG EN LR LILDFHEED s, 717 L AMEFHERIC
WD Z ERTEDLONCOWTHGHTT 5, PPG L, DR OIRIES S~ 5 HE
RIEZTHY ., ZONIITE > TEL DRFEFHREFTL LN TE D, W7 L AMEDF
BICE, R PTT VWL TE 2, 3ETIEHN 7 L AMEOFHEIZ PTT ZHW=23, 5
RO PPG WIEMNHIE, Frx RFFHEAFHAETE 5, D0, I 7 LV AMEDFHEITIE,
PTT LSO Fe{diE b4 2 2 W RENEDR & % .

MR D I35 g 7 L A %GR 2 SEATAFFRIC DUV TR, 2017 20D Liu H DBFFERR,
2021 =D Xu & OHFENZT B b, Liu HOMIE T, IREO 2 R0 HEH L
fiaANTH 7 L AMEZFET 2ME03 7oz [1]. Liu b OB Cid, By % H
WCH 7 VAMEZFRETOIREEEZBRIEL TRBY, PR — I ¥~ B2 HWD 2 L
TH7 VAMEZFHETARENEL DT 2R LN, TOREIL ISO TEDLND
AR BRI JEFHRME O RSB 272 L TV 2o 722, Xu HOMFFETIX, STT #&teh
7L AMEFHAEREZRE L[], STT (X, Addison & (2016 4F) (2Xk - T, WREDOHI D
FRETES PTT OREE L TIREINZIEETHH[4]. Xu b3 L L-XNE AW CEHE
L7207 U AMEIRIERBE ML OREE B2 2 & RNER T RENZ[23], LavL,
Xu & OWFFE TR EHEE 2 BREET 2 7o N Wb L ORGER METH DR & - 72,
2021 £ Whornova & OMFFETIL, FEOIKEE D A0 b M EZHEE T 2 0 7 L A EFE
Aktiia Bracelet % FE2 i EZF OHF 1SO81060-2 (25> TH 7 L A IME & i FE Al 4 i L,
FEE B 223 2 L Z2/R L7256, LarL, 2020 40 Sola & OAFFESe 2023 420> Tan & D
WFFETIX, BECHRFRIATIC K o TXEMIZEHII TE RN Z ERHE SN TWDH6,7]. £/,
Aktiia Bracelet THWHILTW D EHERSNRT A =X OFMIIABRINTEBLT., 7L A
MEZFRETDREELZA LT 272 00BRFMNNRETH D, REOHLNLFHATE, FKIE
FPRAMICHACTE 20 7 L AMEFREREZERT D72012i%, 77 L AMEFEAD
NIA=ZIZAL TERLIRFADLETH D,

Z T, RETIE, 8R0D PPG N GEHAE LT 7 VAMELFHE T 57200
T A= L THRFT 5720, R TEHRIL7Z PPG MENLRIA TX DR MELFIFE L,
TOREEORMEE, NAVAFX A —FF =y NERHWEERTHRIAELTZ, £0%, Z
S ORFEO T TIE & BRA S B ENds, BRSO OFE RIS SN LT,
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42 RREOEWB,NrOLMEFRESTTHHRISONT

71 7 U A MUEFHOFHAEER T & 5 MR S HTiEOME S\ TR~ 2, ARIEHTE (PWA -
pulse wave analysis) 1%, R OmERZ fFHTT 5 2 & T, BHIREESC T ORFE A HEJ 3~ 5 F
fiicd 8], MKEOHRIL, M OB S COME DFFEIC L - TET 5, PWA Tik, Ik
W DR B M O 00 A OREZHERIT 2 2 & C, MM EZHEST 52 &
NTE D, REASHTORES X, Vierodt 512 X - THRIEEF (sphygmograph) 23B%& S 4u7= 19
AU S DIFE D8], PWA 1E, 1960 FRIT /7 A FUENHEE SN L THRREL, 8
TECTIE PPG TEHII L 72 R I %92 7 7' e —F 235 H S 4T 2,

F /7 A RNVIEIZED PWA (X, [EDESHZROCTEHHITE DAREEOMZETHY . O
EEXHORBEBLENROFFEIC BT 2R AFGL2DITON LD Th D, ZOIRERTE
E ENE Y ERAWTHIET 2 2 LA TE D, DlEALIMEREY D & &, IRE
WAFAE L, BRNERECIN - TRIET 5. 2 OIEIIT KBRS /2183 5 {8 T C—H K
Frai, LDIRIZE S, ORGSR, KRENRO EIEIE L 0D b RIE S WM H > THETeRT T I
LUIBRICR D 2 ORGEOERGDLE LD,

AR T @W@@é@k@%@f%%ﬁ%m¢é L & HICEARITEES 722 =
& RERERNBIRIC » Tab 53T EA9 5, K 4-1 (2i%, FHOEERE & miimo
PR DAREIRIE 2R~ 37[8], WA DA, X 4-1@)IR" T & 5 IS BRI Lg o IX
T 0% ) & 7o I RHRR NS R AE T 208, milinE Tl 4-1(0) ISR K D IS RS R -
TL 2DONRRL Zp o TUHEIAINIC I A L, B & 'R D 2 & TIGHEHIMED L7 O
K& s,

(a) Young subject {b) Old subject

Central 8P
Central 8P

DBP DBP

T LVET Time Tr WVET Time

X 4-1 ()& H DHBRE L (b)) BB DB E DIRERT. HBEOHFT2EC[1]1Xv3] A.
BUERR, IREORHRE, IRED AR, Pr, Tr. LVET 1, ZNENIRNERTE. BiF K. .
REHRBEROIRERFEORIE, KRN, £0=BHRR 2R,

PWA X h /XA PUIEICE S TRELTWER, PPGIFICEAT LT 7o —F NMEEE

nTwWb, PPG X, [E/1 Y TEHAITE ZARER I TV 523, Millasseau & 12

Ko TEWVIIREINZ[9], 8RO PPG I ORHMIZOWTIE, 4.3 HiThiT 5, HRD
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PPG B & 5ohT LIE LA & DR B AR ET 2 2 L T, MEEHET DI LN TE
%)o

PWA ZFIH$ % Z & T, PPG o B TCOMFHEENFIRETH S, AW TRIFET 5
J 7 VAMEF T, PWA THLNLEREEZHWCELHET 2 & & LT,

4.3 *b'h-cn'l';ﬂ“ Lf—mﬁl&t)\b n'l'g'c%éﬁﬁi

AEI T, PPG & W TR L 748 RARNE 2> 515 S N B HEHIC >V TR %, PPG &
Y TEM LR RIREZ IR, R oo FE L, BFR EDFHMIC L > TRIER R D Z &
2% 2003 £ Allen H OWFFE TR SALZ[10], E D7D, ARMFFEITIT 2 Wk O FHAEBAL I
ARE LT,

FRONRIE ORI, B R RE STV B [11], PPG & o W TR L 7248 SRk
Wi, DIE BT 2 @A E EN TV D, FBRIREORERIREEZK 4-2 12577, K
4-2 127 K 912 PPG & - CRHII L 7248 22 IkiEE 1. systolic peak & diastolic peak > 2 2D E°
—IMBRY . ZTRHDOE = nLLIEDIFEREHEET L2 LR SN TE T, filx
(X, systolic peak OHRMEIL. WRAE S0 LI B O BB ANE M8 OULHE & JEiR /e Ekk % 7 LB
HYER D82 52 1T 5 [12],

systolic peak

dicrotic notch

diastolic peak

X 4-2 82 CEHBIL 7 A7 PPG T

2T, AW TR LB RARE 2 D DL D B EIC OV TR~ S, FERTEHHEIL
7zweﬁ%®ﬁwavw YT HERESD kL LT, 3ETIRA/ CT & PLZHW
FHEOMIZ, 2016 412 Paul HiZ k> TR —7 @il ﬁﬁ(ﬁstmnmmmm)%
%wtﬁ#%iéntw STT X, PPGIKIEDSLH LA D ES O, 3705 PPG T
D LR TE D F A D & — 7%%%ﬂﬁbfﬁ%énéo

PPG IJEM 1%, CT. Pl. STT LUNDRHEEZFIHR TE 5, MREHTEEZ WD Z LT,

PPG K DFIR 2RI H U CEREE O S SCMEDIEREZHET T D, PPG DL 5 EHE
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SNHFEEL LT, REMRLDLLTUTOLDONH D,
* PPI : peak to peak interval
+ DT : delay time
« IPA : inflection point area ratio

F72, PPG W% 2 Ry LTI ONEE 2 R Ch D 7=, s AR
(APG : acceleration plethysmogram) & & FEIZAL, BIROEE S F 2 #HEE+ o1 & L TH
WHD, APG N BIE, RO EREE—7 L ZOEZO FHE E— 7 ORIEO T
APGb/a 7315 T & 5 [16].

44 7 EEOBYEOKRE

ARG TRt L7 Fr &L Lakoo PPI, STT, CT. PI, DT, IPA, APGb/a, Pl ® 7 F&fH
E LTz, B—OFF8EIL PPl [13]TH 5, X 4-2 OFHAIBITIEL, 1 FADHIEL systolic peak
& diastolic peak DK/ 2 2D E—27 &>, PPIIL, 1 HOAAE—7 75 24 H O/
v— 27 £ TOFMTH Y. 1 HD systolic peak 725, 2 1 H D systolic peak % TOHEH T
b5, ZOPPHUILIEONRIOY A 7 L &F£T 720, IROBHICHNSNS,

PPI (peak to peak interval)

- »

Xl 4-3 Hk#A 2 55D PPG & peak to peak interval

%X STT[4]CTH D, STT %, Paul HITK > TIRESNZ PTT OREBOMETHY |
PPG I E D LIRS I D LAl & B — 27 OIRBOW M TH S (X 4-4),
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(a) Pulse wave

CT DT

STT=1/m

N

(b) first derivative

X 4-4 R$A 1 F55 D PPG TE L+ D— RS BLOCT, DT, STT

BIX CT [14]CTH D, CTid. WREDONEH ERX VI TH Y . PPG DA (PPG I
FEO 1 REEE (KR L) 22 BIRE) 5 systolic peak £ TORFHTH 2 (X 4-4),
Alty H1E, CT 8D ERE DO FICH BRI TH D Z L 2R LTz,

VUL DT [14]TH D, DT X, PPG ALl H REITARHE L TR - TL 5 £ TOR
M<ToHY (IX4-4). systolic peak 7> 5 diastolic peak £ TORFE & L7=, PPGEEIZ L » T,
BAffe 72 diastolic peak 23 fFE L 72 WA DMFIET D, EOHE1Z DT 1, systolic peak 725,
PPG I D —RIE DT D 2 SHDO B — 27 £ TOREE & LT,

WAL IPA[I5] TH S, IPA 1. K 4-5 ([TRT X 91T, systolic peak Z & TeiEifE Al &
diastolic peak % & Te[fifE A2 DML A2IAL TH 5, Wang S, RILEHEIOFEE L LT
HnnZ xR LT,
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IPA = A2/Al

X 4-5 Hk#A 130D PPG EfE IPA

FiNIX PPG WA 2 sy LTEIEEAREE APG B ORAID L& ©—27 Th oD all
EEDOHEHEKEDO FMEE—2 Tho bEOEIELTHD (X 4-6), Takazawa H[16]i%. b/a bt
DENROE S 2L TR Y, FElive & bICHMT 5 Z L 2EROICEH LTZ, £/,
Imanaga H[11]i%. blatbD K E I AKREENROMEIEICEBR L TNWD Z L 2R LTz,

APG b/a =b wave / a wave

1 a wave

b wave

4-6 JikfA 15D PPG BIED 2 RIS ML APGb/a

FEIXPITHD, PLIZPPGHIE LFAOEXITHY . 14H D PPG HIEDIALNHIRD
PPG W JE Dk E CORFM #3 (X 3-1) [17].

KA DT T PPG WO R D856, EADOFEIEE L TEHMI LR WEAIZIE
ELLHEETERWATREMEN B S SN D28, Allen 5(2003) OHFFEIZ L Y . EADFOFRD
T PPG I DOIARDZEMT E A RN EAVRENTZ[10], T D=, PPG I % FHHI
THBIZIE, EAOFEEBE LW —Z bFIH LT,
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45 S3aL—4THALE PPG BEMSHEL-HME DREE
451 RBRIEODEY

BRD PPG WIEARHIT D — Ry =7 2 LT, SHllS L PPG MJE M b Frid i
ZRIHE L, TOMENOMEEZHETE TE 2008 0 it Lz, F8RD PPG BIEH b FFd &
ZRtET DB L LI ORHEDZAEITHE S BIE Dm0 &b 2RI+ 25 25, W
W0 AR E), (KH), T—F T 77 R A ADRENEG ENTHE TR O D
PACDIRIRDPWEEZ 72 D Z L NEZBND,

JARRLT =F 777 bORENRL TH IREARIED /N S WIE DB M85 1
WIGERIRWEE 72 L. PPG ETEDTIRIC & o TITAFHHE % [EMEICFHR T & 2V ATREMER
b5, £z, [F LM TEEKE PPG #JE 2 5HHI L7ZBRIC, FEENS —H L TR CIZZR S0
EIDUHER T DREND D,

IO, NN AREF VA —E T =y B EANT, LA IREREE, 7—F 777 b
DO WAL L CEHZITV, DAEBCOIREIRIE 2 — IR D22 3 RGN AZ1T 5 2
Ll Lz, ZORMTEONIEHEEDIZS X 20T 52 LT, AFEICHNS L
AFF T A —=ZIZBT DARBEEHORHEZ I 0T 5,

452 REEICAW=T/AM(R

vPad-Al & vPad-O2 (Datrend systems Inc., 7+ %) D 2 2>DF /34 ATHERR S5 /3L A
FTHX VA= F v IR,

VPad-Al [T/ SV AF XV A—=EF 2y IDT A AT LA AT 2 — ADBEREZ RO
TNA AT, vPad-02 721 Tl DT Y 2 — V&R T 5 Z L1k, ECG, MR,
M, A, SpO; 72 & Dffx AP T A =L % Iab— 52N TEDL, £
7oy TRARZAS— R 73V EANDZET, ZyTFRI V=0 A F—T =2 — A%

N

A, VIalb—va VREEMHEICBETE D,

vPad-02 |% vPad-Al DEY 22— /LD 1 DTHY | WLAAF I A—=FF = v 1 OREGA
MO DML A TV D, e RMFRME L~V EY 12— LT, 7WLASFY
A—H OREE LINERREZ T A M5 2 LR TE D, DHECOHETR e EDRT A —
F it L CRARDEASM 2 12— M52 L3 T&E %, vPad-02 & vPad-Al (T
LTIV AFF LA —F 2455 LTzl &K 4-7 12, vPad-02 & vPad-Al 2SEH{ET 51 A
— V%M 4-8 17T, K 48R T L DI, vPad-0213 7 4 b & A A — R EAREB LU
Bt LED Zffi 2 TV D, /SVAFFR U A—Z ) bIgizivic LED Ot& PD ZITID & |
VPad-Al TRE S TG CEIB A3 L, vPad-02 @ LED 75 &BURE CLfE%) %3
WAFHRLA=Z DT F M A A= RIZAT THD, JHUTED | 7L ARF T A—=H93
BEAMIC IR R B E-C IR 2 S5 2 &R TE B,
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vPad-Al

BRI

Pulse Oximeter:

1w Evarae o

v
- ¥

vPad-02

X 4-7 vPad-02 & vPad-Al IZ/VAZF L A—2EEEELEK

INLAF R A—BOLEDA S BATEN - EPDTIEAN
LED (/SIVARFFA—%) *vPad Al TR EL-&H TRUICREERK
I—l -LED/ S ERUAREZE/ VLA T X2 A—S2DPDIZ BB &

el - o SRR ST

| PD vPad 02 vPad Al

|LED
SR AL AT SR BE &+

HAEKYERTE

PD (/INILRFFIA—R)

vPad 02EDT—4EZ1(E

X 4-8 vPad-O2 & vPad-Al BEIfETBAA—VK
44



ZDOISNVAF XL A=FF =y DT DIEOIREIRE., 7—F 7727 FOREZLH
THIENARETH D, FREME FTREHIFH X 012005 20 bpm 725 300 bpm TH ¥ | R A=IE
25006 100%ThdH, 7—F 7727 FOFREIX, Movement GEECARDFEALIZ L - TH
BT HEET —F 777 8, Tapping (FERTT—7NEZIN ZLICL>THRAET LT —
F7 727 K., Shaving (BxIZk27—F777 1) 03bd,

453 RREEAZE

INWVAFHFRLA—=ZF =y a2 MNT D, IREEE, 7—F 7727 FOREL Y
T2 L= TRESE TR ZATO, DIECCHREARIE 2 — SIS0k H 72275 bR 2
Tolze NREDOKFETIZ, PPGIEENOREEZENT 2, AMGETIE, 44T L
TR OR R HH LT,

PPG I JE DN VN 7= BRI T E B 460 & 4 B D PPG T — % % PC ITIRAET 5
HRE & R, AREBRTIX, PCITRRTFESINZ 4 BOPPGIEIET —4 b, kAL L7
FEEOREEE PC L CHE L, IO TIET 5 Z L CRBE AR Lo,

B2 PPG RIEHEMET ABMEB LONFEIL, 7—F 7 7 7 FONRIEIRIE O 2%
T TENEAL T EnEZOND, T2 T, 2L AT A—FF = v O,
BT —F 777 b ENREIRIEORELEZE LT PPG KA FHAI L. [ EHEE OFBLE
B RMm L 7=,

FHMOMGE TR, WOFINETHEE LZ, £ AV ALF U A—FF = v HIZER
BEER LTz, WRIC, WALAFF U A= F = DOLHBEREZ LT LD>D, PPG
ZRHAIL 7=, O3 OR%EM L. 60 bpm, 90 bpm, 120 bpm, 200 bpm, 30bpm & L. Zh
ZROLAEOFEET 58] PPG WIEZFHHI L=, 2T o0 fEek & TRl L7z 5[\
® PPG BT 7 HSHORHSRAFHE L=, PPGIEN LR LZ THEHOBMEOZNE
AT, 5 R OEE L AEER AL FHR Lo, RIS, DA ORRE % 90 bpm IZF%E L. Ik
WREDOELEINEXT —F 7 7 7 SORFEZITV, FHAlL72 PPG A4 FHHI L 7=, PPG ¢
DB EEZHEL, 7T—F 777 M LORMEFFEME L T2 T, 7—F7
7 7 b B X ONWRIEHRIE DR L2 3N L7z, &XE LT/ NV AL T A—FF = v 1 O
T—F 777 M XONREREZ & 4-1 1277,
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# 4-1 YeZ W=7 VAR ORRIERFZBIT BNV A F T A—FF = vPad-Al D

RE
AEES D AR iR R 0 7—FI7Uk
(bpm) (%)

1 60 100 None

2 90 100 None

3 120 100 None

4 200 100 None

5 30 100 None

4 90 50 None

5 90 100 Tapping
6 90 100 Shaving
7 90 100 Movement

454 RBRIER

£ 4-1 OIREIRIES L O, 7—F 7 7 7 FOREEZ(L S TERECTHII L/ PPG 3
&K 4-9 B X 4-17 1277,

4000
3500
<
£
()
3
S 3000
g
&
=
2 2500
3

2000

0 05 1 15 2 25 3 35
time (s)

B 4-9 .04A%k 60 bpm, IREEHRIE 100%, 7—F 7727 None $:44TD PPG ¥
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4000
ég 3500
3
=
s 3000
=
]
g
=]
o 2500
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=
2

2000

0 05 1 15 2 25 3 35
time (s)

X 4-10 L>¥E%% 90 bpm, RIEIRIE 100%, 7—F 777k None §&fETD PPG

4000
ég 3500
3
=
s 3000
=
(&)
g
o=
o 2500
2
=
2

2000

0 05 1 15 2 25 3 35
time (s)

4-11 L% 120 bpm, FRIEIEIE 100%, 7—F 7727k None &£ ThD PPG &



3500
ég 3000
3
=
s 2500
=
]
g
=]
o 2000
2
=
2

1500

0 05 1 15 2 25 3 35
time (s)

X 4-12 L%k 200 bpm, ARIEREIE 100%, 7—F 772k None T PPG ¥

4000
ég 3500
3
=
s 3000
=
(&)
g
o=
o 2500
2
=
2

2000

0 05 1 15 2 25 3 35
time (s)

4-13 L%k 30 bpm, RIEIRIE 100%, 7—F 772k None & TD PPG &



4000
ég 3500
ko
=
s 3000
=
]
g
=]
o 2500
2
=
2

2000

0 05 1 15 2 25 3 35
time (s)

X 4-14 L>¥E%% 90 bpm, RIEIRIE 50%, 7—F 772k None 5 TD PPG ¥

3500
ég 3000
3
=
s 2500
=
(&)
g
o=
o 2000
2
=
2

1500

0 05 1 15 2 25 3 35
time (s)

4-15 %% 90 bpm, ARIEIRIE 100%, 7—F 772k Tapping & TD PPG ¥



4000
ég 3500
ko
=
s 3000
=
]
g
=]
o 2500
2
=
2

2000

0 05 1 15 2 25 3 35
time (s)

X 4-16 [L>¥%% 90 bpm, R IRIE 100%, 7—F 777k Shaving §:TD PPG ¥

3500
ég 3000
3
=
s 2500
=
(&)
g
o=
o 2000
2
=
2

1500

0 05 1 15 2 25 3 35
time (s)

4-17 {L>¥%k 90 bpm, JRIEIEIE 100%, 7—F 777k Movement §&4:TD PPG I

ISNWVAF XV A—=HTF = OB OREE LSBT & EOEBEEDFREER2FR
4-2 127, IREIEIR & 7—F 7 7 7 FOEREIL. F1LF41 100%. None Th 5,
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R 4-2 PNAFFVA=EF =y I DR EMEFFHBEDOVHE + FERZE

Heart mean =* standard deviation (SD)
Rate(bpm)
PPI STT CT DT IPA APGb/a Pl
60 1.003 0.124 0.246 0.260 0.795 —1.208 1.003

+ 0.002 | =0.001 | =0.002 | £ 0.006 | = 0.080 +0.071 | = 0.004

90 0.668 0.103 0.192 0.177 0.628 —1.276 0.669
+0.003 | =0.001 | =0.002 | = 0.006 | =+ 0.019 +0.015 | = 0.000

120 0.503 0.094 0.181 0.055 89.174 —1.316 0.500
+0.004 | =0.000 | =0.001 | =£0.030 | =81.758 | + 0.002 | = 0.000

200 0.652 0.103 0.133 error 6516.603 —1.241 0.965
=+ 0.004
+0.006 | = 0.001 | = 0.000 =+ =+ 0.013
2389.722
30 error 0.114 0.212 0.394 11.511 —1.125 0.596
=+ 0.040

+0.003 | =0.107 | £0.121 | £ 18508 | + 0.080

VI a b —F O PPG N GFE LT RHEEICIT, X6 0NN ENZEE LA,
FHMEOEERZE SD (X 01272 5720 572, Z4UE PPG WIEDOMAHRLY R = L—& LU
AKXV A—=ZORY FHFAE, ~N— FU =7 HROZER EPOERIC LV FEREOMHMN
EE#T 5 ENRKNEBZ LD, PPl, STT, CT. Pl OIEHERAILTEEMED 1% 5 2%
FETH 7273, DT, IPA, APGb/a (T FHIfE & ol U THEME(R 228 5%LL EOfED L 5
Too Flo. ODBEREMDS 30 bpm OFRFIZIX, PPHIZ T —2 ) S, Ziuid, 30 bpm
DAL, K 4-13 1R T K D12, 5227% 2 ONRE IR 2 ek 35 Z L N TE Mo
7l Th D, £7-. 200 bpm DAL, DTIC= T =" D &N, ZHHDOFEENS,
MRS m O, E IR DB OG AT, FHEEE D E<FRTERWEGERH L2 L

BT,

#4312, NV AFFUA=FF =y I OOHEEE 90 bpm IZERGE L, PPG IEIZT —F

777 FEMATESEIWGER R Z TR, R 42 LK 43 OMGEERRZHKT 52 &
T, 7—F 777 FORE, IREREOIK/DDFEEMEOFEICED L S B E 52 50 %
FEAG U7z, BB ORER, T T ORHEE THREIRIE DO ZE (I K 2 B/ S W2 &35 )
o7z, F72. PP, STT, CTTIET—F 777 MTXDEEL/ NS W LR o7,
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3 4-3 T—F 77 MR TR DI INAEF L A—FF oo R EE LSS E O EE

Heart Artifact Pulse PPI STT CT DT I1PA APG Pl
Rate wave
(bpm) (%)
90 None 50 0.667 | 0.102 | 0.194 | 0.172 0.632 —1.234 | 0.669
90 Tapping 100 0.666 0.117 0.203 0.269 0.507 —1.021 0.662
90 Shaving 100 0.680 0.107 | 0.194 0.335 0.243 —1.225 0.669
90 movement 100 0.654 0.113 0.212 0.240 0.749 —1.253 0.715
455 #£%&

ARRFEETIL, [F— DR E THEEEIFHA L= PPG 2 B A L - M o FE I S
THET L7z, £9°. PPI, STT, CT D% &EIZEI L Tix. 60 bpm. 90 bpm, 120 bpm D% E
ICBWTEWERMEN S LN, —J7 T, DTIZ2W T 120 bpm, IPA {25V ClX 60 bpm
& 120 bpm, APGb/a {Z-2U TiE 60 bpm IZFRE L7 HA1C, BEERZENKE < 72 DA
Abivic, Fo. DHEDREGIC S OIGAECIERWIEE Tk, IREEE O S 3 REEHC 722 0
FBHMEMET Lz,

BARBZIE, DA 200 bpm (238 E L CHID L72IEE Tk DT 23R T2 2 L3 T
T =T AELTZ, £7o. PPIOFHRMEIL, LHaEAY 200 bpm DOHA 1T 0.3 FORREC
ﬁé’kﬁﬁﬁénkﬁ ERZIL 0.6 PRREDE L o7, 51T, %% 30 bpm (2

RELESGE, T LM LA VICTRAFETET, PPl 23R T2 2 &N TE R o7z,
it\weﬁ%mkﬁ EoTUEL 145D PPG B bEHAITE T AW Ll s, =7
—H ST,

IO DFERNG | DA WL R, ikﬁﬁ“{uﬂibtﬁD\WGﬁ%%ﬂ
WEEOHIBMEMET T2 Z LN nhoTc, KT, ODa%E 120 bpm LI EICRRE LY
DT B L O IPA OFIMENME T L72JFR & LT, Diastolic peak 28 / A RZ#H 5 Z & 73%‘5
Fons, X3-12% /5L, 24 H ORI T Diastolic peak 23/ A XIZHEH LTV D Z &R
MRTED, ZAUTKY ., DT DEOHBMEME T LB X b5, FFEIZ, IPA T,
systolic peak & diastolic peak D HIFEDS / A ADEETEL L, HHEMENME T LIZEEZ BN
Do

Wiz, T—F 777 k& NRIEIENRE DRI S>WTE L=, PPI. STT. CT. APGb/a,
Pl OFEMEIL. IREIRIEDOZA(LRE X, v B T —F 777 S lboT2HAThH,
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T—=F 777 FORVKELRIFOMEZFHETE L Z LRI, ThiZ, 7 LA
mrﬁ@&%ﬁuéz®7“?777%ﬂ%ébf%\ﬁﬁﬁr IRERENINT L
Z/RLTW5, L»L, Tapping X Movement@?»—%777 MZOWTiE, b
MROLNZ, ZThHDT—F 777 ME & FHRIRE I s & [H 2 70 E OXPR %
mLoHZ ET, ?ﬁ)éﬁf;ﬂﬂﬁ%ﬁ‘%)_tﬁ)ﬁfﬁb?%éo

IRIZIRIEDOZEF & 7 —F 7 7 7 hOFRICOWTH U T TELET S, IRIEIEROK Fix
NSO EANRE R DIGEY, FEE2HBCT 2R ENRREBEX NS, 6 DOERKIT
PPG )1 DRI 2 Jsid S8 % 73, %m&%®%%%%%mﬁﬁéi®iiﬁké&éhf
W%, Tapping 1X, 8RR CT —TNEMNMS Z LI Ko THRAETHT—F 7727 FTHY |
PPG IlZDIEIRAZTED ., IPA 72 & DR &l _k%figﬁ‘fiﬂ%ﬁiéo KPR E LCTIE, IR
WZT =T N EICRENV E 52 WL DICTHZENAMTHD EFE 2 Hvd, Shaving I3,
%im;é7—%777%?\é@%%%@ﬂ~%yyyr&8ﬁﬁﬁkﬁéo%@%K
H.2 % Shaving ORBIT/NSWS, BICR X DEAD® 5551352 F L3 2 081 H
%, Movement &i@%ﬁ’?ﬁiﬂ)i’%’ﬂﬂliOT%$?51$%7—9‘777 FCTHY, BiLfEx
EET D& TRRENAETH D,

FRIZEBO K E /vo 7= Tapping & Movement O 7 —F 7 7 7 NI, T —#Z sHllFR i %
BETDHRELTHHTLZENAETH D EOREMICESTZ, 259252 LT, MER
GH/NNVAFFX U A—E T 2y ANnbE MUY RBEX TIREFZITO ZERNARETH S
EHIT L7,

4.6 HILAMREEHAIZEL-EDEE

AAF TR LT THEOREEEDO TS, B 7 L AMEFHRNCE LGN FET D0 E
IMEFALNCT D7, T HOE & MEE L DR TEYFSHT 21TV, 20 p EEEFHE
L7z, p X, FRFOHHCE W TRERGLAIE LW EGE LIZEAIC, Blllsni7—#
PERICER LN DR LR TRETH D, BEMITIE, p ERAR/NIWEE, BlllSh=T
—ZPMERIZE D b O TIHRWATREMER Em < 2 0 | IR 2 AT 2RI L 725, @
p fEAY 0.05 Kii CHIE, IREEFHZEH L, FEtIcaBERERE RS 5, Ziux
5%LL FOfESRTUMNMBRIZECHBRWHERTH L Z L 2B L, SIS0 ZHMIcaE
IREEMENFET 5 2 L ARET D, AT, BRSHTOR RS G472 p A SBP ¥
L OVDBP 3£{Z 0.05 R CTH DR EA ., I 7 L AMIEFHINE LTV 5 &Il Lz,

77 L AMEFHANZ Ltﬁ®@ﬁ’ﬁ%bt@fﬁ%i@w@&%?~5%:Ml@
Tik~7= PhysioNet 7 — & X—ZANBLE&G L72[22], T — X _X—RIZ&END PPG KM
ﬁ%btﬁﬁi%%WT\mrﬁk®%fﬁ¢¥%£ & % Bl oA 2 32k L7z,

p EDFHE X, Microsoft Excel for Microsoft365 (ver.16.0.13801.21072)IZ 5 £ 415 Ty —
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NEMA L TITo 72, BRaHr it MEME (SBP 35 KT8 DBP) % HHIZAE, Frif&E %
AL L, BEKMEL SWICHRE L CHEAEEZITo7, 7 HEOREE L TNl A
&L TIEYRAHT Lo R E £ 4-4 17T, BURGHTOFER, SBP XU DBP 1£(C p filElAs
0.05 Kiiii T - 72 &IT STT. CT. APGbla ThH o772, T O DOEN, B 7 L A
JEFHNCE LT 5 &l L7,

# 4-4 SBP BELUDBP &, #EELD p i

object p-value
variable
PPI STT CT DT IPA APGb/a Pl
SBP 0.988 0.009 0.001 0.026 0.597 0.004 0.963
DBP 0.063 0.029 0.011 0.299 0.385 0.022 0.071
47 ER

STT. CT. APGb/a 2 MLIE & BIfR L TV aZ IZ 2N THEET S, STT iX PTT O D
L LTIRESNMETH D, PTT XMELBEHRL TWAETHY . 1k, FHEIITL
WX E PPG IEOWM S ALETH S, STT OBEAIIRMEN (FEd7e L) 1 »Ar4 ahll+
LI CRETE, PTT 20 CT& 5 Z &% Addison 512K > CTORENT[4], STT X PTT
ERETELZ LG, MEICERLTWEZEEZOND,

MAEE, 1 I S5 ks (O E) & BRI ROEGT (RAMH M 1)
DETRESND, CT OfEIIMEEREYERE & T 5 & &= CEIRAE L O 95 CTHEN
" 5[14]. Takazawa ©lE APGb/a MENIREE(LOBINZ KB L, Fn & & bImT 52 &
%7~ L72[16], Imanaga ©i%. APGb/a @K =X SN KMENROMEBIEICER T Z 2R 1L
72[24], 2D X HIZ, CT & APGbla DRKE ESNMEDHEICHHBRIEECTH D Z L HURIR
SNTW5,

48 F&H

AWFZETIE, FER T L2 PPG B A TS 5 2 & T, FEELFHET 2 kIO
Tk, FrMEZHE TS FEE LT, PWAE (pulse wave analysis) ZiiBiL., ZoF
FEICLVEFE SN TRSEORE (PPI, STT, CT. DT, IPA. APGb/a, Pl) 22\ T
P L7, PWAVEIX, PPGIKIEDITE A it L C PPG I IZD B — 27 XK., WIEORN G
FEOEZ BT 5 HIETH D,

72, PPGEIEARHAIT 272D L7oHERIC W T A L, ARFETHEM L7
POVAFF U A= SE, BEREDONFE LIRIZEAE T2 Z L 2 UE L TREF SN2 T A X
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ThY, ZONVATF U A—ZEEHI L7 PPG I DR R AR T2V 7 hu =
TS TN D,

[6]— D PPG N~ b 3 U 7o RFEUE O B BEIZ DU TR L 7=, PPI, STT, CT Ti 60
bpm. 90 bpm. 120 bpm DR EIZIB T EWEFEMED G HAL/ZA3, DT 2DV Tld 120 bpm,
IPA {22V Tl 60 bpm & 120 bpm, APGb/a (22 Tl 60 bpm (23 THEEHE(R K & <
RAEMMB RSN, BRI, ORI 200 bpm DA, DT ORFENTE T, =7 —03%
A LTz, F7o, PPIOFHRMAN TR E R HFER L 720 | %) 30 bpm OF-E1213 PPI
DFHEANKETH 72, ZNEOFRRNE DD I & E 721 3ROERE Tl PPG
AR OB DME T35 2 &N anoT,

T—F 777 N EAREREOREEIZOWCEME L7, PP, STT, CT. APGb/a DF5{#aE:
X, IREIRIEOESCEL, Xy BV I T —F 777 B Mbos-5B4TH, 7—F 77
7 NORVRIELFIERGOMEFHE T2 Z L3R INT, LirL, feRRTTr—7
2N Z & TRAT D Tapping 0. AEHZ L > THRAET S Movement D7 —F 7 7 7 ~Z
SWTIEHDLTNCEERR LN, ZNLDT—F 777 M, BB E2EET L ED
WMREH LD LT, HOLBREMEIT L2 LN THLZENEZILND,

MR IRIG D ZEE & 7 —F 7 7 27 FOFEIZONWT S EL LT, IRIIER O Fix, FEk
SRR DOIRE), FREMCT 2 LR ENRINE B X 5D, Tapping 1 PPG i O
WEEDDTIZD, IPAREDEIZRE 2% 5.2 %5, Shaving I3BAIZ LT —F 777
RTC, ABRREC AN =X Y R ENER E 2D, TR T—=F T 7 7 ML, EY
72 [ ECH E B O IZ L 0 ISl ATRE T D, FRITHED K X 2o 72 Tapping &
Movement D7 —F 7 7 7 ME, 7 —FFHAIKRICHIZ EES 2 2 & Tfl T& 2720, H
EXRE/INVAFT XU A—FTF =y Inbe MUY X TPPG EEHIZITH Z L3 w]
BETH D LHlr LT,

BBIZ, RETHRF L THEEOREEOT T, 7 VAMEZFHET D105 LI-E
WZOWTHH LT, T —#X—AD PPG I & Ml 2 W 7= Bl b ofE S, STT, CT.
APGb/a 31 7 L AMJEDFHBEIZHE L TCWAA[fEM NS D Z L 2R LT,
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5. A7 LAMFEFFERXDRFH
51 [FLCHIC

PPG CLERIOWI 2 A5 7 L AMEFHE, 2h b OB B S 2 k%
FI TS T HBRIC & » CRIE S =0 7 L A MEF R CIEAFET 5, —H, IRk
WeDHaRND A7 U AMEFHERI T 2mILITD 20, U7 U AMEFHEREZ £ A
v—FUd vy FR=a—T Ky U= E AV EREIC NS S 7 L fER
B L, ZORITHAN BN TNG T X —Z 2N T ORI TR TAR S TRV

ISO & JIS OHkIZ. I 7 L AMJEFHZOWTIEHIE SN TV, FD=8H, AiF5E
TIEBR OIFRBEMIEFH OBUE OREEEM 22512 Ui, 2O ORESF2EM 2%
L7V AMEFOFHERICEETHI LA LIC, EEE L TRENICEREND DT
L AIMEE 2, EOREREE 372 bbb 7 R E7F 2 AV CRHEl U7z M Bl &, Rk
THILENRTXD[2].

AT, A7 VAMEFREROIER &Rl 21T 5. 7 7 L AMER RIS D R
B EFRAOE 2 ERTIRET 5, BROREE LFHREXOE TENLIUER LIS 7
ZMEFHRERZ R L, &b A 7 RMEFHOFIE L B 7 L R ME OFFEE L DFEND 7
WEFRR 2R 2,

52 HILRMEHEXDIER

ARETIERT HH 7 L AMEFHERIL 3.3.1 HEFRKIZ, (26) Xnd (213) KEHA
W7 d Lz, 33.1HEDOA 7 L AMTEHERTIET, /8T A —Z|Z PTTew Z W=, K
DEBRTIINT A —Z RN HEH L 7o 2 VTR AR Lz, 7 L Am
JEFHER DT A =213, 4381 TR LIz THEOBMED > B, MEME & ORI 217
U pEAY 0.05 LR CTH o TR E AN L7Z, 46 B CHLNRRLY . pE2Y 0.05 2L
T OREEIL, CT, STT., APGbla Th o7z, A#FITIL, CT. STT. APGbla DXL
T EFHRAEER T 5,

SO E L 4 FHOHEXNEZMAGLED Z LT, 12 FHOD 7 L A MJEFHHE A

AR LTc, 20 12 O 7 LV AMEFRAZ, SBP & DBP OFAZITIER L7z
(ARt 24 O N 7 L AMEFHERX), (26) Xvd (2.13) KoRmEk & HHBERE. p A
D FHIE Microsoft Excel for Microsoft365  (ver.16.0.13801.21072) D54 — /Uil & £ 5 A
ST CRME L7, [l Hr <k, e ((2.6)x - (2.8)x - (2.10)=X - (2.12)XTixH 7
A EF TR L7z SBP, (2.7)= - (2.9)= - (2.11)K - (2.13)= X <ix oy 7 Aufn =7 TRHAI L
72 DBP) % HEYZH L L., FrEEZHIALHLE L, AEAKESN THE L1z,

ARIETIE 33 HERRRIZ, 7T —FN—ZDIRIE & METFRENZRE L, £ D% ERE

THRHAN U 7o MR TR A& A L 72,
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53 AI7LRAMEMHEXDFEMAE

SO E L 4 FHOFHEXELMAAG LY L2FEEON 7 L AMEFEKXD S 6,
BbEWKHE T 7 L AMELFR TE DR ReHHNE . 7 7 EFCRH L 72 ML
il & DLHEE TN O T2, IREE & MEMEOFHR, B LOH 7 v A M EOFHEME & 7 A+
FEOFHANE & o kX 3.3.4 i & FER O F 15T HEM L 7=,

7~ 5 CT & STT & APGbla & L, ENENDOREETENEN S 7 L A E%
HELE, 2ol 7 v At 7 EFH bl L-mEfE & 2k L=, B~
U A MEFHER OB E BT, 3.3.4 THEF U<, B 1S081060-2:2018 DILHENHERE L
T2o TORMEHES T, WRENSEFE L72H 7 U RMLE & 7 RALEEFCEH L 72 ) E A
LDEOVEHEE, ZOBEERAZFEL L, A0V + 5 mmHg BIN, ZEOIERER 2N
+ 8mmHg A FTHh D0 R LT-, 1R2FEEON 7 L AMEFHERXD I B, HbEWEET
717 L AMEZFHRE T & Rl 25t EROREFHT, 12 fEO S 7 L A EFEATENLE
NEHR L7 7 U AMIE & IfEE & D720 %) & AR % ik L CfTo 7,

53.1 HI7LAMEFHEXDFMER

PRE 18 IOV TR 4 B ONREE. = OIREGHIFT# O M/E{E (SBP, DBP) %%
NWENGFHAI L7, RHAIL72RIEDN S /8T A —% APGbla, STT, CT #ZNFHEMH L, %
NENH 7 VAMEEHE L, 77 v AMEEZ, GLO)ENLGE8)RXDI 7 L A MEFHEA
LUKk L. FFE APGbla, STT, CT # /37 A —XIZHWTEIHE Lz, XF A —H|Z
APGb/a Z3&IN L CEHE L7=h 7 L A ML & i EfE & & el L 7= Bland-Altman 7'&2 > ~ %
X 5-11Z7d, K 510777 1Mk LCSBP & DBP Difi &7 1> kL, SBP & 58,
DBP # HARTHE L, /NTA—FIZ STT #JIRL CHAE LA 7 L AME & f)EfE & D
Bland-Altman 7' v k #[X] 5-2, CT %#i®R L7= & X @ Bland-Altman 7’7 v ks #[X] 5-3 |Z/R
T, HHOFIZE A7 VAMEFEXE, ZOEKe & f, g DEEZRT,
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mean BP (mmHg)

e SBP ¢ DBP
(Eq.4) BP=e APGb/a+fHR + g

[ )
mean BP (mnmHg)

150

5-1 /85 A—& APGb/a # &R LU TEHELI- I 7V AMLE L IILEED Bland-Altman 7ok

- APGb/a Z 724 7 L A M £ FHR

()
SBPpw1=—237.615 In | APGb/a | + 109.281

DBPpw1=—20.147 In | APGb/a | + 71.860

(b)

SBPpw, = —28.758 / APGb/a + 80.915

DBPewz = —14.924 / APGb/a + 57.244

(©

SBPpws = 46.946 X APGb/a + 155.995

DBPews = 25.796 X APGb/a + 97.441

(d)

SBPpws = 48.529 X APGb/a +0.132 X HR + 147.670

DBPpws = 28.782 X APGb/a + 0.248 X HR + 81.740
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A [ )
10 o .4
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40 e SBP ¢ DBP
30 | (Eq.4) BP=eSTT+fHR+g

mean BP (mmHg)

5-2 N5 A—Z STT ZBIRL CEHE LI 7L R MLE L L EfED Bland-Altman 72k

- STT W& H 7 L A MEFH R

(@

SBPpw1=42.868 In | STT | + 158.462

DBPpw: = 23.871 In | STT | + 130.588

(b)

SBPpw2 = —4.171/STT + 158.462

DBPpw2 = —2.277 / STT + 98.644

©

SBPpw3 =428.488 X STT + 72.919

DBPpw3 = 242.843 X STT + 51.056

(d)

SBPpws =473.178 XSTT + 0.194 X HR + 54.202

DBPpws = 310.472 X STT +0.293 X HR +22.732
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30 (Eq.1) BP=eln CT +f
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mean BP (mmHg)

X 5-3 %5 A—Z CT #BIRL CEHEA L= 7V R MLFE L MLFEfED Bland-Altman vk

- CT ZHW =& 7 L A M ERH R

(a)
SBPpw1=38.687 In | CT | + 182.771

DBPpwy = 19.987 In| CT | + 109.946

(b)
SBPpw2 = —6.807 / CT + 155.081

DBPpw2 = —3.564 / CT + 95.915

()
SBPpws = 205.905 X CT + 78.435

DBPpw3 = 103.815 X CT + 56.505

(d)
SBPpws = 221.039 X CT +0.205 X HR + 60.635

DBPpws = 125.087 X CT +0.288 X HR + 31.487
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[ 5-1, X 5-2, ¥ 5-3 C/RL7=H 7 L AMIE & MJEE & DZECDONT, #RHE O N TF
B LT EARMERAZ 2 2 5-1 &K 5-2 17, # 5-11%, SBPICRIFLENEND/NT A —
ZLZENTNOHEROB EZRIRL TENENHE Lo 7 L AME & MJEEE DZED
FEE + RERAEORE L L DR THDH, K 521X DBPIZHKITLHH 7 L AME L& I
JEAE & OEOTHIE = EEFEOMGRE ELEO-RTHD, XE-1IBLOEE2L0D, »
ONOH 7V AMEFHEAXT, 7 L AMIEE MEEE OZED VI & AR 203 BL&
1SO81060-2:2018 % B % iE L 7= B EfE 2 i 7= L7,

% 5-1 SBP IZBITARENSHBE LI 7L R EE I 7R E S CEHAIL 2 L EEE DZED I
WIELIEERZE

F 7 VAME & I EFENE & OZEO R £ ZEOEEERZE (mmHQ)

SBP
(@) Muehlsteff  (b) Young > (c) Wong & (d) Cattivelli
b D3] DR[4] =K[5] b D3[6]
CT 4=*9 3*9 4 *+10 4 =10
APGDb/a —7*12 —7*x11 —7=*x13 —7=x13
STT 3*x9 2+8 3+£10 4+10

% 5-2 DBP IZBITF ARSI A L= 7V RAMEEL A7 RMER CHAIL-MEEEDZED
SRR R E

K7 VAME & i ERHAIE & DZD )+ ZOEERZ (mmHg)

DBP
(@) Muehlisteff  (b) Young & (c) Wong 5@  (d) Cattivelli
5 DOR[3] DH[4] K[5] B DOR[6]
CT 4+6 4*6 47 5+6
APGDb/a —1*6 —1=*6 —2=x7 —2=x7
STT 46 36 46 5+5

532 HILAMEHERICHTIER

F— B R—ZATCRAKEZRE LTI 7 LV AMEFERICBWNT, &7 L RAMEFOFER
A2 AWEEBRIZED, JOVBEOEWI 7 L AMEA R CE 2 RELE L, #
5-1 &% 5210, 7 LRMEE MFEEE DFEDFLME L AEHERZEN K b D RO L EF
ADEGEE LT, FOPNLLUTOREEHMA L,

SBPpw = —4.171/STT + 158.462
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DBPpw = —14.924 /| APGb/a + 57.244

SBPpw & DBPpw (33 5-1 & 3 5-2 MO IE Liziid7e 7 L A £ CTEHE L 7= SBP
& DBP Th D, ZORON T VAME L M & OZEDVAE & FEERAL, R EE
SO EEME T LTV,

B 7 VAMEFHRERO T A—2ZEET 5 L, STT Z AW i=itH AL SBP & DBP D
HCHIER 7= LT\, —J5, APGbla Wit R A THUEA - L7=DlX DBP O
Tholz, ZOREND, 1ISO B DIEEZ - T /T A =20 EHHH Z LRS-
23, SBP & DBP TRIUEORIZT 5 & ISO BUE D IIEA T T S IRNNRT A—=F Wb H 2 &

B4 HNo T2,

7V AMEHREROBICEALTE 51 2015, 4 > OXD 5B, Young 5D
(BPpw =65/ X +f5) 2Nt h 7 L AME & MEAE & OZEDFHIE & FEAERR D3/ S U ME ]
NHoTz, ZDD, AHBT =X T A= DB L > TH 7 L AMEFREXZ R
THEAITIE. Young HDOXZE NS,

AWFFETIX, AR RGE 72 7 7 L AMEFFERXOIX Young 5OXTH D Z & &R
Lice T—=FX=ZAMBAER Lic 7 U AMEFERITAAER S5 Z L 2R Lz, Fo,
REBRME T FEIET L 7 L A MmEFHEKICHOWT, SBP & DBP % 7 L A JEFHEK DS
TA—RICBRDMERAND Z L TIEMEE 7 VAT L OZEEFIZDRLSTH I ER
T& 7, T, (5.6): /8T A — %2 APGbla % IV 7= DBP apcha &\ (5.5)FD/8F A —4
2 STT 2 M\ 7= SBPstr DR DKEE N b 725 Z L &R L=,

S 5z, Cattivelli ®° Xu OFEATHIZE,7]1 Tlix, —EMIRZCD 7 L A MUE O HEE B4R RFIC
FRIENLETH Y, FREROPAMENMENE W BIENH - 7-, L L., AHFZE T,
T AR A TR EPRTE LT 7 U AMIEFERDN SV A v A —2 & - 5
CHEEZE R 27z LT 7ew, FHAERIEEEFA CIERKIATEDL Z LBk oTe, 20D
ZEE AT VAMEREY 7 N 2T ORBICEWTHEDTHL EEX LD, R
b, N—Ry =7 %, BRELEGATYH, dEXEER T LM0ERLRWAREER S 5
2 ThDH, TRV AT LVAMEHEY 7 by =272 H0E LEEYRRAET L7 R
B CZ 2 A[REMED & 5,

54 F&O

ARFGE CIEEEE KT L2 WA e h 7 L ZMEFHEIC OV THRFTT 5720, 7—
B _R— 2D & fE TRAREZRE L, £ O%ERE TR LR T2 5Hm L
oo 7 L AMEFHERRE TIX, /D 7 L AMEF AT Sa SN TE LK
N6 RFEHOMABRDOEETRL, £ TUTHOWTHIEEAHEE Lz, FRFGFH L7720 7 fE
S OMEE & DOIEMEFNC LY, Kl h 7 L AMEHERZHE L, 7. &IT05%E
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TIL SBP & DBP ZH#tE9 2 itmAUIFE U THE T 28, AEBROHKE R TIL SBP &
DBP (X AR TEIE T Z ¢ NRE ThH -T2, RO ER BT D7 L
ZMEFHBRERIILL T TH D Z &R TE T,

SBPpw = €sgp / STT + fsgp
DBPrw = eprp / APGb/a + fprp

ZOFHERIL, IS0 Mk OFRIEMEFF OR LRI 20 72 L TR Y JUAEOmWEE
XThodZERRENT,

ARFFETRRE LT A 7 U AMEFHRRUT, FrEDREEIERAAE S, TUHBNICE T "Tee T
b ENFEIESNTZ, UKD "= U =T OEFOLLEENH > ThitAX LR
THMERRL, VT b= T ORBICBOWCIHEFRICANTH D Z L D3R S,

M UT, ARBFRIED 7 LVAMERR Y 7 b Y = 7 ORRICHIT 2 REER—SHERL, R
KHI 7R IR T~ DG FTREME 2 IR 2R R & 22 o 72,
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X 6-3 Aktiia 24/7 Blood Pressure Monitor
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