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s1r�C� 

1.1 ~V  
�ʲ2ɧ̕2 3ü´��ǅ͂˭ʷǎ+
Ȩ͂˭ʷǎ�ǅʷǎ/BEɧ̕+
Dϵ

"2ȗ3ơο 1700 �­´�+
E (Ł 1.1(a)) [1]϶ȟȸŃæ/��*@ϵɧľ2 26%

�ǅ͂˭ʷǎ+
E (Ł 1.1(b)) [2]϶�C/ϵ̧͂˭ʷǎ�ǅʷǎ.-2β˱.ǅ͂˭

ʷǎ3ϵʼʹ�E,ɧ/̲C.�*@βƩ2ƼΫʹIƱ�΂��϶Ǟ�Ń/��*

͏¯Ͷ2ͩŲIĜ�Eēľ,�*ǅ͂˭ʷǎ�ȯř+
E [3]ϳŁ 1.2ϴ϶�2B�/ϵ

ʂø.́ɅIǲ�ǅ͂˭ʷǎ3ϵḁ̆ːĆI�.Đψľŧ,�*�E϶�$�'*ϵ

BDβ˱.ǅ͂˭ʷǎ2ʼʹIς�/3ḁ̆ːĆ82ƀí�ȱĂ+
Dϵḁ̆ːĆ

2£ςAɴʻ2$?/ϵḁ̆Ŕ2ʢǕϵ�B6ϵḁ̆ːĆ2Đψľŧ,.EʷǎA

Ί¿2ʢǕIǦȃ�ϵ˭ʨ�E�,�ɮ?CF*�E [4]϶  

ḁ̆ːĆ3ϵḁ̆Ŕ�̜Ē�ϵːĆ�EʸǕ2ʷǎ+
E϶ḁ̆ːĆ2ʢǕIǻ

�EȜɶ3͍ȗ
E�ϵḁ̆Ŕ2ː�I͜ʊ�EaX��n�Y2Ƿə,�*Ȩė

�*�E@2/�̪΄Ϩ̥ɷ¹ȋΞƩ (brachium-ankle Pulse Wave Velocity: baPWV)

Aǅ̮΄Ϩ͂˭Ƿȗ (Cardio Ankle Vascular Index: CAVI)�
E [5,6,7,8,9]϶�FC3ϵ

Δơḁ̆ːĆ,2πΠǋ�ɒ͢�FųʬĆ�F$Ƿə+
Dϵ̥ɷ2͜ʊ�Cˬî

�FEǷə+
E϶ʧŅ�FC2Ƿə3ϵƁʬ2͉̐Iʬ�*ḁ̆ːĆaX��n

�Y2Ƿə,�*Ĉʻɝπ+͜ʊ�F*�E϶  

� � � �  
 (a) �ʲ (2008)     (b) ȟȸ (2012) 

Ł 1.1� ɧ©ēľ2æ͠  

非感染症
33%

ケガ
9% 感染症等

27%

心血管疾患
31%

・脳血管疾患
・心疾患

31％
その他
36%

肺炎
10%

悪性新生物
29%

心血管疾患
26%
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Ł 1.2� ͏¯ͶͩŲ,.'$ʨʮ  

ḁ̆ːĆ2Ρ̓3ʪɼ̓ǘ,źǿ/πHDϵ̄̅ʿ.͜ʊ/BD"2ʢǕIǦȃ

�E�,�β͏+
E [4]϶Ĉʻɝπ+2͜ʊ/þ�*ϵȟƝʪɼʩŒ+ḁ̆ːĆI

ǻ�E͜ʊɝĻ�ųʧ+�F4ϵḁ̆ːĆ2£ςAɴʻ/ȱʬ+
E϶ȟƝʩŒ+

2͜ʊ+3ϵĈʻɝπ+3ƾCF.�ƠƝȧ2Ί¿ǐŌĪ̅ʿ/ƾE�,�+�

E϶�C/ϵȞũ2ɝĻ3ɝĻ2ʍÕAc�]2͉ˉ.-/ǣο���E$?/ϵ

�/ḁ̆ːĆ�ʵHFEǎ̕/ƀ�*ʬ�CF*�E�ϵ͜ʊȧ2ǣο�ƅ.�ȟ

ƝʪɼʩŒ+ôʬ+�Eɭʍ2ɝĻ+
F4ϵ͂ńA¿ʉ.-2B�/Ŋȸʿ.͜

ʊϝ˃,ã/ôʬ+�ϵBDř�2ǎ̕2aX��n�Y�ųʧ+�E϶  

ȞũǷə2 baPWVϵCAVI +3ϵ̥ɷ�ḁ̆æ2ńýŗă+
E�,�Cϵńý

͜ʊ/B'*̥ɷIǻ�EȜɶ+
EˡɬŸ˟̥ɷ�ʬ�CF*�E϶�2$?ϵ

ɗǝ�ƄňĆ�ϓ��ϵg��x.-2ěDĽ��ʝϑ+ϵc�]Iɢˑ/͉ˉ�

E$?/ĈƛAˇͶƛ.-2Ɓμŷ�ȎÂ�Eǆ͏�
'$϶  

ḁ̆æ2ńýŗă3ϵ͂˭ƺ2ŗĆA"F/º�͂ʁδ2ŗĆI@$C�ϵ�2

͂˭ƺA͂ʁδ2ŗĆ3ϵÝIʬ�*͜ʊ+�E�,�ˋCF*�E϶�$�'*ϵ

ÝIʬ�$̥ɷŗă2͜ʊIʬ�E�,+ϵḁ̆ːĆIǻ�E�,�+�E,̔�

CFE϶�C/ϵÝIʬ�$̥ɷŗă2͜ʊ3˲Ê/̓.�Eôʙ�
E϶�2$

?ϵÝIʬ�$ǣɶ/B'*ḁ̆ːĆIǻ�Eǥ̈́2ˑˣ/B'*ϵȟƝʪɼʩŒ

+ôʬğ̢.ɭʍ2˲Ê�IÕ�$ț$.͜ʊɝĻ�ųʧ+�E,̔�CFE϶  

���ϵĈʻɝπ+ʬ�CF*�EǷə2 baPWV A CAVI @ųʬĆ�F$4�D

%

脳血管疾患
認知症
衰弱

間接疾患
骨折・転倒
心疾患

パーキンソン病
糖尿病
呼吸器
がん

視覚・聴覚障害
脊髄損傷

その他・不明・不詳
0 10 20 30

7.5
1.7
1.9
2.2
2.5
2.8
3.6
3.2

9.3
7.4

13.1
20.5

24.1

27.3％
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+
DϵÝIʬ�$ǣɶ/B'*͜ʊ�FEǷə�ḁ̆ːĆ,πΠ�E�3ϵɒ͢

�F*�C ϵȶξǰϟŉ+
E϶�2ɒ͢2$?/3ϵ͜ʊ͉̐,͜ʊL�\�

b�2ξʼ,ḁ̆ːĆ,2πΠǋ2ɒ͢ųϫ�ǆ͏,.E϶  

<$ϵḁ̆ːĆ2£ςAɴʻI̓.�$?/3ϵ˲Ê.ḁ̆ːĆaX��n�Y

Ƿə2͜ʊǣɶ2ųʧ/ɟ�+͜ʊ�$ǐŌ2ɼʬ�β͏,.E϶ȟƝʪɼʩŒ+

͜ʊ�F$ǐŌ3ϵôʬ̱̕ΊAĈƛ.-2Ɓμŷ/wM�lrhX�E�,+ȱ

Ă/ɼʬ+�E϶�C/ϵɘ�.Ί¿ǐŌ,,@/Ěϐ�˭ʨ�E�,+ϵ͍ȗ2

Ί¿ǐŌο2πΠǋ2ɒ͢Aϵ͜ʊǷə2ɒ͢.-I̓.��,�ğ̢,.E϶"

2$?/3ϵ˲Ê.ḁ̆ːĆaX��n�YǷəA±2Ί¿ǐŌI˭ʨ�E_ai

��ǆ͏,.E϶<$ϵ±2Ί¿ʢǕAʷǎ2ʢǕI
H!*˭ʨ�E$?/3ϵ

ƙͻ2ɘ�.ɝĻ+͜ʊ�$ǐŌI˭ʨ_ai�/ěDΓ>ǆ͏�
E϶ɘ�.ɝ

Ļ/ƀǇ�E$?/3ϵɝĻ,2ΝÍ/ϢC.�șŨͩʹǥ̈́/BE͜ʊÐ2ͮ=

ěDǣɶ�ȱĂ+
E,̔�CFE϶  

1.2 ml  
ȸˎˠ+3ϵȟƝʪɼʩŒ/��Eḁ̆ːĆǷə͜ʊ2ųʧI˃Ƿ�*ϵȟƝʪ

ɼʩŒ+2ôʬIǑŲ�$͜ʊ͉̐,͜ʊL�\�b�2ξʼ,ȱʬǋ2ɒ͢/B

'*ϵÝ͜ʊ/BE˲Ê.ḁ̆ːĆaX��n�YǷə͜ʊǣɶIξʼ�E�,I

˃ʿ,�E϶<$ϵ͜ ʊ�$ǷəIɼʬ�E$?2ÓƬ˭ʨ_ai�2ɗ˰I̓�϶  

ä¿ʿ/3ϵḁ̆ːĆaX��n�YǷə2͜ʊǣɶ2ξʼ,�*ϵÝ͜ʊ/B

E̥ɷIʬ�$̥ɷ¹ȋΞƩI͜ʊ�EǣɶIξʼ�E϶"2$?/ϵȟƝʪɼʩ

Œ+2ôʬIǑŲ�$͜ʊ͉̐2͌Âϵ�B6ϵ͜ʊL�\�b�2ξʼI̓�ϵ

͉̐2͜ʊ˴ƩIɒ͢�E϶"�*ϵȁɌǣɶ2ȱʬǋIɒ͢�E$?/ϵȁɌǷ

ə,ȞũǷə2ɪΏųϫϵ�B6ϵḁ̆ːĆʹ̑,ÓƝ̕2ɪΏųϫI̓.�϶<

$ϵÓƬ˭ʨ_ai�2ɗ˰+3ϵɘ�.Ί¿ǐŌ2̃ĤI̓.�$?2ǣɶIȁ

Ɍ�ϵÓƬ˭ʨ_ai�,�*ohk��XI¯�$ôʬ�ğ̢.]�r_ai�

Iɗ˰�E϶  
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1.3 W�R�\L  
ȸˤ+3ϵḁ̆ːĆ£ς2β͏ǋ,ḁ̆ːĆaX��n�YǷə2͜ʊ2ʧʢI

Η9ϵȸˎˠ2˃ʿI˓�$϶  

˦Ϻˤ+3ϵȸˎˠ�ƀ͸,�Eḁ̆ːĆ2ǋ΀/(�*,ḁ̆Ŕ2ː�Iǻ�

E$?/ʬ�E̥ɷ¹ȋΞƩ/(�*Η9E϶  

˦ϻˤ+3ϵƽȿ2̥ɷ¹ȋΞƩ2͜ʊ͉̐+ʬ�CF*�Eǣɶ/�HEț$

.͜ʊǣɶ2ξʼϵ�B6ϵξʼ�$ǣɶ/B'*ḁ̆ːĆaX��n�YǷə2

͜ʊ�̓�E�,2ɒ͢ųϫ/(�*Η9E϶  

˦ϼˤ+3ϵȟƝʪɼʩŒ+͜ʊ�$ḁ̆ːĆaX��n�YǷəIBDȱĂ/

ɼʬ�E$?2˭ʨ_ai�2ɗ˰/(�*Η9E϶  

˦Ͻˤ+3ϵȸͱșá¿2<,?IΗ9E϶
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s2r�/�9�p���cSa 
ȸˤ+3ϵḁ̆ːĆ2ǋ΀,ḁ̆Ŕ2ː�,̥ɷ¹ȋΞƩ (Pulse Wave Velocity: 

PWV)2ʠʨʿ.πË/(�*Η9E϶2.1 ˮ/ϵḁ̆ːĆ2ǋ΀,�*ϵ"2ʸǕϵ

ɝƧϵ£ς�ɴʻ.-/(�*Η9E϶2.2 ˮ/ϵƵǋ˭æI¹HEńý2¹ȋ2̔

ż�C PWV ,ḁ̆Ŕ2ː�2πËI˓�϶2.3 ˮ+3ʪ¿+èʧ+�.�Ⱦ·+2

ųϫ�̓.�EʩŒ,�*͂ʁǁʩ˶2ɚȏǁʩĽΆIɗǝ�$϶  

2.1 /�p0  
ḁ̆ːĆ3ϵḁ̆Ŕ2̜Ē�ϵː�.Eʷǎ+
E϶̜Ē,3ϵḁ̆Ŕ2Ē��

œþ�*���,+
E϶ḁ̆Ŕ2̜Ē�Ρ̓�E,ḁ̆/ʤˢAνŐ�ʪ�E϶

ʤˢ3͂˭2æÔ2͂ʁ�ɾFEήïϳæ̩ϴ�ʤ�.'$ʢǕ+
DϵνŐ3æ

̩�ͥ<'*͂ʁ�ɾF.�.'$ʢǕ+
E϶ʤˢAνŐ�ʪ�E,ϵ͂ɾ�ʇ

ƅ@��3ʚ�.Dϵʤˢ�νŐ2ʪ�$ḁ̆2Ü/
E̮Ļ/ʂø.f��`I

��E϶�2B�.¤Ǖ�ǅ˨8͂ʁIΤ7êḁ̆+ʪ�E,ϵ́͂ǋǅʷǎϳʤ

ǅʹϵǅ˨ɎŐϴIʼʹ�ϵȯǏ2ōĤɧ/̲E϶�C/ϵ̜Ē/B'*˄ǿḁ̆

�ʤˢ�νŐ�E4�D+.�ϵ̜ Ē�$ḁ̆Ŕ/̾˟�$y��X�ƒŕ�E,ϵ

y��X2Ŏ/BE͂ɉ�͂ʁ�/ʪ�E϶�2͂ɉ�ḁ̆IɾF*ȷɏ2̮Ļ/

Φ�E,ϵæ̩2Ƅ��ḁ̆/ͥ<'*ɎŐIƱ�΂��϶͂ɉ�õΦ�$Ü�̧

͂˭2ōĤ/3ϵ̧ɎŐIƱ�΂��϶�2$?ϵḁ̆ːĆ3͂ɉǋʷǎ,@Į4

F*�E϶<$ϵːĆ/BDḁ̆Ŕ3̤�.Dϵḁ̆�ˏ�*î͂�$Dϵḁ̆Ŕ

�ŗƷ�$D�*ϵ̧î͂A�@̭�î͂ϵḁ̆ʺ.-2ʷǎIʪ�EĐψǋ�ϭ

<E϶���'$ḁ̆ːĆ2΂�Eḁ̆˶ϳ¿ƣ²ΔϴIŁ 2.1 /˓�϶  

˽̠3ϵ͂ʁ2Æ̂.�ɼă�E�,3+�.�$?ϵḁ̆ːĆ/BE͂ɾ2σ

Ŷ3ϵɘ�.̮Ļ/ƹϜI��E϶Ü/Η9$ǅʷǎϵ̧͂˭ʷǎ3ʡ/ʪį/ƹ

Ϝ2Ś��ʷǎ+
E�ϵ�2±/@³͆ʿ.ḁ̆ːĆ/B'*ʪ�Eʷǎ,�*ϵ

ϭ͂ńʹϵȷɏḁ̆ʷǎ (Peripheral Arterial Disease: PAD)ϵǗǋ̨̮ʸ (Chronic Kidney 

Disease: CKD�.-�
E϶PAD 3ϵǞ�Ń+3νŐǋḁ̆ːĆʹ (Arteriosclerosis 

Obliterans: ASO),Į4FE�,�ř�϶Ĕź/3ϵPAD 3 ASO Iĩ>ɕǈ+
E϶

�FC2ʷǎ3-F@"2ñȴ/��*̱͔ʹʢ�.�ϵ̱͔ʹʢ�ʧFE�G/

3βʹĆ�*�E�,�ř�϶  
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Ł 2.1� ḁ̆˶  

ϳ [10]�CƱʬϴ  

 

ḁ̆ːĆ�ʪ�Eḁ̆Ŕ2ɗΟ3ϵæÔ�Cæ̭ϵ�̭ϵŘ̭2 3 ƌ,.'*�

Dϵæ̭2æÔ3æˁ˽̠+͐HF*�EϳŁ 2.2ϴ϶ḁ̆3"2ʡǋ/B'*ϵƵ

ǋňḁ̆ϵ˨ňḁ̆ϵ˽ḁ̆/ïϥ�F*�E϶ǅ̮/Δ�Śḁ̆3Ƶǋňḁ̆+


Dϵ�̭�Ƶǋ̉̆,Ơʏ˨+ɗǝ�F*�Dϵǅ̮�Cǯî�F$͂ʁI�ȧ

ʿ/ͼʳ�*ϵ͂ń2ͯˮAǶ̅ʿ.͂ɾIʪ��!Eɝ̢IǶ(϶Ƶǋňḁ̆3

ḁ̆ːĆ�ȯ@ʪ�A��ϵḁ̆ːĆ/B'*ɆΌǋ�ŜHFE,ϵ͂ʁIͼʳ�

E̢ý�¾��ϵ͂ń2ͯȘ̢ý@¾��E϶"2́Ʌϵǅ̮�Cǯî�F$͂ʁ

IƠʏĆ�E�,�+�.�.Dϵ͂ń2�ȡIǲ�϶ȷɏ2�˜Ʃ2ḁ̆3˨ň

ḁ̆+
DϵƵǋ̭�ģ̭2Œ/ũŅ�EɗΟ,.'*�E϶˨ňḁ̆2�̭3ϵ

:,J-Ơʏ˨+ɗǝ�F*�Dϵ"2×�/B'*͂ɾδIͯȘ�E϶  
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Ł 2.2� Ƶǋḁ̆2ɗΟ  

ϳ [10]�CƱʬϴ  

 

ḁ̆ːĆ2˝ϥ/3ϵLi���ǋϳ˳ʢϴːĆϵ�̭ːĆϵ˽ḁ̆ːĆ.-2

˝ϥ�
E϶Ď/ḁ̆ːĆ,�'$ōĤϵLi���ǋːĆIǷ��,�ř�϶L

i���ǋːĆ+3ϵæ̭,�̭2ο/y��X,Į4FẸ΀A͂ʁʮȿ2ǝï

.-2ʠ΀�̾˟�ϵḁ̆Ŕ�̜Ē�E϶ḁ̆Ŕ2̜Ē/B'*͂˭2Ƶǋ�ŜH

FE϶̜Ē;ɢϵ͂˭2æˁ˽̠2ύŶ/º�ʘʹęǇ/B'*ʪ�E϶"2ɝƧ

3ϵ͍ϑ+
Dϵ͂ʁ�2ɘ�.ʠ΀ϵÞʶ˽̠.-�π��E϶�̭ːĆ3ϵ�

.��Ƅḁ̆/��*�̭2ˍʗĆ�ʪ�E�,+ːĆ2=�Ρ̓�E@2+
E϶

˽ḁ̆ːĆ3ϵ˽ḁ̆2̜ĒIʪ��!E϶�̭ːĆϵ˽ḁ̆ːĆ3ϵþϱ/B'

*̜ĒϵːĆ�Ρ>,�F*�E϶ḁ̆ːĆ2ñȴ/ʪ�Eæ̭̜Ē3ϵƤƅßȴ

�Cͩ?CFϵơϱ,πΠ�ϵ20�30 ɥ³+ǊΞ/Ρ̓�E [11]϶  

ḁ̆ːĆ2ʼ˥3ϵḁ̆æˁ2ɝ̢��aXľŧ/B'*ϵΚΥǋ�ªΡ�E�

,+
E϶Ú�ϵæˁ˽̠3͂ʁǝï2ḁ̆Ŕ82ÉàIͯˮ�EΪǫʿΚΥǋI

Ƕ'*�E�ϵ�2ΚΥǋ�ªΡ�E,͂ʑǝï�æˁ�8,àDΓ>϶�E,ϵ

͂ʑǝï��̭2˽̠/Âʬ�ϵ˽ ̠ŘŊ΀Iʪʫ�!ϵ̜ Ēæ̭ƌ�Ʒǝ�FE϶

̜Ēæ̭ƌ3ϵϭ̣͂ʹ2ƹϜIĜ�E,ɘ�.ʪʨɼǋʠ΀Iʪʫ�ϵÞʶ˽̠

IĮ6Ź!E϶Þʶ˽̠/BDϵè6�̭2˽̠�˽̠ŘŊ΀2ʪʫIξŤ�E϶

�2]NX�/BDϵ̜Ēæ̭�ǝλ�ϵÞʶ˽̠�íʨ��F.�'$̜Ēæ̭

2˽̠�ɧ0,̣΀Iř�ĩ>ŕɧ˿̎�Ʒǝ�Fϵy��X,.E϶�2y��

X�ˏ̇�E,ϵ�C/y��X2Ʒǝ�Ρ̓�E϶<$ϵy��Xˏ̇3͂ɉƷ

ǝ2͏ľ,.E϶�2,�2Ρ̓,͂ɉƷǝ/3ϵ͂ʁ2ìłAʎ͙/πHEřȗ

2ľŧ�πË�ϵ"2ɝƧ3�C/͍ϑ+
E϶  
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ḁ̆ːĆ2£ςAɴʻ+3ϵ�2͍ϑ.ɝƧ2ɾFIɡ?EB�/×�̿IǨ�

�$Dϵ�2ɝƧIΡ̓�A���!Eʪɼ̓ǘAʷǎϳĸʛϵ̜ʋ.-ϴIȑĶ

�$D�E�,+̓.HFEŊȸʿ/ϵΡ̓�!.�B�.×�I̓.��,��

+�.�$?ϵȞ/ĉïΡ̓�*�<'$ʸŗή½IÚ2ɢƝ.ḁ̆/ǟ��,3

+�.�϶�$�'*ϵBDȠȴ2ɨω+ḁ̆ːĆIǻ�ϵ£ς2$?2ƀǇI̓

.��,�β͏+
E϶  

ḁ̆ːĆ2£ς/3ϵ£ςĈū/Ŋ)�£ς2ïϥIʬ�*�E϶�̵ʿ.ʬͫ

2£ς,£ςĈū2͗ʙ/̐�E£ς3ϵ"2ǒĭ�Ś���,.E϶£ςĈū+

3ϵ£ςIϵ�ɟ£ςϵ¥ɟ£ςϵ�ɟ£ς2ϻɨω/ćï�E϶�ɟ£ς/3ϵ

ʸɬ/.C.�$?2ƀǇ�ïϥ�FE϶ä¿ʿ/3ϵÓƬœΡϵ£ςǿ˝.-+


E϶�̵ʿ.ʬͫ2£ς3�ɟ£ς,ƀǇ�E϶¥ɟ£ς3ϵʸɬIǏĆ�!.

�$?2ƀǇ�ïϥ�FE϶ä¿ʿ/3ϵȠȴʼ͑ϵɴʻ.-+
E϶�ɟ£ς3ϵ

ʸɬ2èʼςɡ�ïϥ�FE϶ä¿ʿ/3ϵ�qu�i�_��.-+
E϶ḁ̆

ːĆ2£ς+3ϵ�ɟ£ς,¥ɟ£ς�β͏+
DϵπΠ�Eʷǎ2ʢɵAŷȝɦ

.-ɘ�.͏ľI̔Ǚ�*ϵ�ɟ£ς,�*ʪɼ̓ǘ2ȑĶϵ¥ɟ£ς,�*̿ʠ

ɴʻ�Ϊǫ�FE϶  

ḁ̆ːĆIΡ̓�!E͏ľ,.EĐψľŧ3ϵþϱϵϭ͂ńϵ˵Ƈʸϵ̣΀ʴƝϵ

ĸʛϵak�a.-+
E϶�FC2ʢǕAʷǎIȑĶ�ɴʻ�E�,+ḁ̆ːĆ

I£ς�E�,�ğ̢+
E϶ʡ/ȑĶ�9�ʪɼ̓ǘ,�*ϵĸʛ�Ǹ�CFE϶

ĸʛ̕+3ĸʛδ� 1 ȟƶ$D 10 ȸœþ�Eɩ/ǅ͂˭˶ʷǎ/BEɧ©ʦ�ʰǋ

18ϲϵŞǋ 31ϲœþ�ϵĜăĸʛ̕+@Ħɘ2ƹϜ�ˑͩ�F*�E [12]϶�Ȝ+ϵ

˗ʛ/B'*ϵǅ͂˭ʷǎ2�aX�ʇƅ�E�,@ˋCF*�Dϵ±2͏ľBD

@ƀǇȦɢ/BEĂɅ�ȴƻ+�E϶���ϵþϱ3ά�E�,�+�.�$?ϵ

ȸ΀ʿ/�9*2­�ḁ̆ːĆ2£Õ΋+
E,̔�CFE϶  

ḁ̆Ŕ�ːĆ�E<+2y�ca2�+ϵ͂�ǝï2ŗĆϵḁ̆Ŕ2̜Ēϵ͂ɾ

δŗĆϵ͂ńŗĆ.-ɘ�.ʪʨʢǕ�ŗĆ�E϶"2$?ϵḁ̆ːĆ2͡Ț/ʬ

�CFEȜɶ@ɘ�+
E϶Ř˚ʿɴʻIǆ͏,�EB�.βƩ2ʤˢ�νŐ�ʵ

HFEōĤ2ɒɈ3ϵ΃ϛɷ/BEʱØ͡ȚϵCTϵMRI �ʬ�CFE϶aX��n

�Y2$?2ɒɈϝ˃,�*3ϵ͂ʁɒɈ/BE@2ϵABI A TBI .-͂ń͜ʊ/

BE@2ϵbaPWV A CAVI .-2̥ɷ¹ȋΞƩ (Pulse Wave Velocity: PWV)/BE@

2ϵǅϔŁ�Ŋȸϝ˃,�*ʬ�CF*�E϶ABI A TBI 3ϵʤˢ�νŐI͑(�

E$?2Ƿə+
Dϵḁ̆ːĆ�Ρ̓�*�.�ʢǕ+3ϵḁ̆ːĆ2Ρ̓Iǻ�

E�,�ϓ��϶̥ɷ¹ȋΞƩ/BE@23ϵḁ̆2ː�Ięȥ�EŲδʿ.Ƿə

I͜ʊ�EȜɶ+ϵēʨʿ/Ƞȴ2ḁ̆ːĆ2ʢǕ@ǻ�E�,�+�E϶  
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ȸˎˠ+3ϵBDȠ�ɨω�Cḁ̆ːĆIʼ͑�£ς�E�,�β͏+
E,̔

�ϵ̥ɷ¹ȋΞƩ/Ŋ)�ǷəIȟƝʪɼʩŒ+͜ʊ�Eǣɶ2ξʼI˃ʿ,�*

�E϶  

2.2 �b(P�D  
ȸˎˠ+3ϵḁ̆ːĆ2ʢǕIǻ�EȜɶ,�*ϵ̥ɷ¹ȋΞƩ (PWV)Iʬ�E϶

ȸˮ+3ϵPWV ,ḁ̆Ŕ2ː��πΠ�E�,Iʠʨūʿ/ͭȢ�E϶  

PWV 3ϵǅ̮�Cǯî�F$͂ʁ/BEḁ̆æń2ŗĆϳ̥ɷϴ�ḁ̆æI¹ȋ

�EΞƩ+
E϶(<Dϵǅ̮I΂ʙ,�Eńýɷ�ϵḁ̆+ɗǝ�FE˭ΆI¹

ȋ�EΞƩ,̔�E�,�+�E϶ḁ̆3Ƶǋ˭ϵńýɷ2Ŧ΀,.E͂ʁ3Ϙń

̌ɾ¿,̔�CFE϶Ϙń̌ɾ¿+ʋ$�F$Ƶǋ˭I¹HEΞ�2πË3ɟ2B

�/�*ƃî�FE϶�2πË3ϵɾ¿ýū2ɭȊʧ͸2ïγ+B�ˋCF*�E

[13,14]϶  

< ϵæƺ 2rϵŔ2Ē� hϵλ� l2Ƶǋ˭ϳŁ 2.3ϴ2çĬȜĨ82»6I̔�

E϶  

Ċƺ� r�C r + dr/»6$,�2çĬȜĨ2ŗĆ3ϵ 2πdr+
E�Cϵ5 = ε

3ϵ  

ε =
dr
r

         (2 .1 )  

,.E϶�$�'*ϵ��Yʦϳ̋ƵǋËȗϴE3ϵwhX2ɶù�CϵǇýI
,�E,ϵ  

E = σ
ε
=σ

r
dr

        (2 .2 )  

,.E϶  

 
Ł 2.3� Ƶǋ˭2ɚƯŁ  

σ

���	

����

���	
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Ł 2.4� æń,çĬȜĨǇý  

ɟ/ϵ˭æ2ńý,çĬȜĨ2Ǉý2πË�Cϵ˭2Țϙ˟ŗĆ,æńŗĆ2π

ËIƃ�϶  

 

Ł 2.4 3ϵƵǋ˭IɾF2ȜĨ,Ơ̓.ϙ+H�$ȧ2ϵ�Ô/ƀǇ�EŁ+
E϶

˭2�ή,�ή3ϵϙ˟ T/2 2 2 (2ϙ+(.�'*�E϶�2,�ϵ˭æ2ńý
dp /B'*Ŕϙ/×�ý2 y ΍ȜĨ2Ĥý Fy3ϵϙ˟ T/2 2 2 (2ϙ T /×�ý2

İ F,ζDĤ�϶T /×�ǇýI σ ,�E,ϵ  

F = 2σhl          (2 .3 )  

,.E϶�Ȝϵ Fy3Ŕϙ�2ǂƄϙ˟ U /×�ý2İ+
E�Cϵ  

Fy = 2 Rl sinθ dθ dp
0

π
2∫ = 2Rldp       (2 .4 )  

,.DϵζDĤ�2πË�Cϵ  

Fy = F
2Rldp = 2σhl

∴σ =
Rdp
h

        (2 .5 )  

IƾE϶�$�'*ϵĊƺ2ŗĆ dr,ńý2ŗĆ dp2πË3ϵƯ (2.2),Ư (2.5)�Cϵ  

dR = R
2dp
Eh

         (2 .6 )  

�


�

�

��

�


��

�

	

���

�

��
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,.E϶<$ϵĊƺ2ŗĆ/BEȚϙ˟2ŗĆ dA, dp2πË3ɟ2B�/.E϶  

dA = A 2Rdp
Eh

        (2 .7 )  

ɟ/ϵ˭æIɾFEɾ¿/ƀ�EΠ̅2Ư,ΤăȜ˜ƯIȘʨ�E϶< ϵ˭æ

IźƩ ρ2ɾ¿�ɾFE,�2Π̅2Ư3ϵ˭ 2΍,Ơ̓.ȜĨ2ƪəI s,�E,ϵ 

∂
∂t
(ρA)+ ∂

∂s
(ρAv) = 0        (2 .8 )  

,.E϶ŗƷ�*ϵƯ (2.7)2πËIʬ�E,ϵ  

2R
Eh

∂p
∂t
+ v ∂p

∂s
"

#
$

%

&
'= −

∂v
∂s

       (2 .9 )  

,.E϶��+ϵńýɷ2¹ȋI̔�E,Ư (2.10)2πË�ǝDˣ&ϵƯ (2.9)3Ư

(2.11),��E϶  

∂p
∂t
>> v ∂p

∂s
        (2 .10 )  

2R
Eh

∂p
∂t
= −

∂v
∂s

       (2 .11 )  

˭æIɾFEɾ¿2ΤăȜ˜Ư3ϵ  

∂v
∂t
+ v ∂v

∂s
= −

1
ρ
∂p
∂s

       (2 .12 )  

,.E϶��+ϵńýɷ2¹ȋI̔�E,Ư (2.13)2πË�ǝDˣ&ϵƯ (2.12)3Ư

(2.13),��E϶  

∂p
∂t
>> v ∂v

∂s
        (2 .13 )  

∂v
∂t
= −

1
ρ
∂p
∂s

        (2 .14 )  

Ư (2.11)I½̐/(�*ϵƯ (2.14)Iȧο/(�*ǂï�E,ϵ  
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2R
Eh

∂2p
∂t∂s

= −
∂2v
∂s2

       (2 .15 )  

∂2v
∂t2

= −
1
ρ
∂2p
∂s∂t

       (2 .16 )  

�ƾCFE϶Ư (2.15),Ư (2.16)IȘʨ�E,ϵƯ (2.17)2ɷăȜ˜ƯIƾE϶  

∂2v
∂t2

= a2 ∂
2v
∂s2

       (2 .17 )  

��+ϵ 3Ư (2.18)+
E϶  

a = Eh
2Rρ

        (2 .18 )  

3ɷă2ΞƩ+
DϵMoens-Korteweg ΞƩ,Į4FE [15]϶  

�$�'*ϵƯ (2.18)3ńýɷ2¹ȋΞƩ+
DϵPWV +
E϶��+ϵƯ (2.18)

2s���eIḁ̆/ƀǇ�!E,ϵE3ḁ̆Ŕ2��Yʦϵh3ḁ̆Ŕ2Ē�ϵR
3͂˭æƺϵ ρ3͂ʁźƩ,.E϶  

´�/BDϵPWV ,ḁ̆Ŕ2ː�ϳ��Yʦϴ2πË�ƾCF$϶  

ɟ/ϵPWV 2͜ʊȜɶ/(�*Η9EϳŁ 2.5ϴ϶�<ϵλ�� L 2ḁ̆2
Eć

οI̔�E϶PWV 3ϵ̥ɷ��2ḁ̆æI¹HEΞ�+
E2+ϵ̥ɷ¹ȋȧο

(Pulse Transit Time: PTT), L �CƯ (2.19)+͜ˬ�FE϶��+ϵ v3 PWV +
E϶ 

v = L
t

       (2 .19 )  

ḁ̆2ǅ̮Ô2˥Iȧø t0+̥ɷ�ΝΥ�ϵȷɏÔ2˥Iȧø t1+ΝΥ�$,�ϵ

PTT 3ϵḁ̆�2ǅ̮Ô2ʙ�CϵȷɏÔ2ʙ/̥ɷ�õΦ�E<+2ȧο+
E

�Cϵ  

PTT = t1 − t0       (2 .20 )  

,.E϶ųό2͜ʊ+3ϵḁ̆�2 2 ʙ2̥ɷɷƷIĦȧ/͞ι�ϵÍġíʨ/B

'*̥ɷ2ΝΥȧøIɱŲ�ϵPTT �͜ʊ�FE϶  

<$ϵ L3 PTT I͜ʊ�$ 2 ʙ2ο2ḁ̆2λ�+
E϶¿æ/
Eḁ̆2λ�I

ɢˑ/͜ʊ�E�,3Ÿȣ+3.�$?ϵȞũ2 PWV ͜ʊ+3ϵ̥ɷ2͜ʊʙο2

a

a

t
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¿͆�2΅ϒϳ$%�ϵ��(�2ćο/ï�*͜ʊ�FE�,@
Eϴ+͜ʊ�

$λ�I¹ȋ΅ϒ,�*ʬ�$DϵΊλ�Cḁ̆2λ�IȀŲ�E͜ˬƯIʬ�$

D�*�E϶  

¿͆�2΅ϒIʬ�EōĤ/3ϵ"2΅ϒ2͜ʊ˴Ʃ� PWV /ƹϜ�E϶ʡ/ϵ

��(�2ćο/ï�*͜ʊ�EōĤ/3ϵćο�,2͜ʊͬƗ�̾˟�FE$?ϵ

BD˴Ʃ�ǏĆ�Eğ̢ǋ�
E϶<$ϵǝ­2ōĤϵḁ̆2λ�3:,J-ŗĆ

�.�$?ϵPWV ͜ʊ2Ʃ/¿͆�2΅ϒI͜ʊ�E�,3ϵʚϩ�ř�϶"2$

?ϵ£?͙ûūʿ�̃͜ʿ/ɮ?$Ίλ,͜ʊƀ͸2ḁ̆2λ�2ƀǇπËIʬ�

*ϵΊλ�C¹ȋ΅ϒIˬî�EȜɶ�ř�Ǿʬ�F*�E϶  

 

 

 
Ł 2.5� ̥ɷ¹ȋΞƩ͜ʊ2ɚƯŁ  

  

L:伝播距離

t0 t1
PTT = t1 - t0

心臓側 脈波 末梢側
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2.3 ^QFh4�  
úˮ/˓�$ PWV,ḁ̆Ŕ2ː�2πËI͗ż�E$?2ɚȏǁʩĽΆIɗǝ�

$϶ɗ˰�$ɚȏǁʩĽΆ2ɗǝIŁ 2.6 /˓�϶ȸĽΆ3ϵWindkessel �j� [16]

/Ŋ)�ɗǝ�$϶Windkessel �j�+3ϵḁ̆�ȱ�EïƚŲȗʿ.ƵǋʡǋI

ˡɬ2Ƶǋʡǋ/̐�Ȃ�ϐ�Ųȗʿ/ěDǤ�E϶  

ȸĽΆ+3ϵǅ̮�CŚḁ̆ư2ćο/˅ƶ�EήïIˡɬńϪăƯfNLw�

�~�y  T20 TTS(Tapflo),Śḁ̆e�Xϳy�aghX͌źνŸĻϵ900mlϴϵŚă

̥ǬǩX��y+ɚȏ�$϶͂ʁ3ɭ+ɚȏ�$϶Śḁ̆ư�Cȷɏ<+2ḁ̆˶

3ϵḁ̆e�Xϳy�aghX͌źνŸĻϵ900mlϴ, 115 cm 2 Tygon g��x+

ɚȏ�$϶ȷɏ͂˭Iȷɏ͂˭Ǭǩ/BDɚȏ�$϶ϗ̥˶3ϗ̥e�Xϳy�a

ghX͌ŸĻϵŚɬń͙ȓϴ+ɚȏ�$϶ḁ̆Ŕ2ː�3ϵḁ̆e�X2ˡɬδ+

ɚȏ�FE϶ƶͧe�X2ˡɬδ�ř�ʢǕ3ϵńýŗĆ/ƀ�Ee�Xæ2ˡɬ

2¿˟ŗĆ�Ś��.Dϵḁ̆Ŕ�ɆC��ʢǕ/ƀǇ�E϶ˡɬδ�ƅ.�ʢǕ

3ϵḁ̆�ː�ʢǕ/ƀǇ�E϶  

̥ɷ2͜ʊ3ϵŚḁ̆²Δ/ƀǇ�Eḁ̆e�X2ɾàÔ,ϵȷɏḁ̆²Δ/ƀ

Ǉ�Eȷɏ͂˭ǬǩX��y2ɾàÔ2 2 Tǡ+ńýc�]/B'*̓��,�+

�E϶   

ȸĽΆIʬ�*ḁ̆Ŕ2ː�2ŗĆ, PTT 2πËIͯ9EųϫI̓'$϶PWV 2

͜ʊ+3ϵ¹ȋ΅ϒ�ŗĆ�.�ōĤϵPTT , PWV 3�ƀ�ƀǇ�E϶ȸųϫ+3ϵ

ḁ̆2λ�IŗȬ�.�$?ϵ˄ǿ͜ʊ�FE PTT Iʬ�$϶ųϫ+3ϵḁ̆e�

X2ˡɬδIŗĆ�!ϵPTT I͜ʊ�$϶PTT 3ϵ2 Tǡ2ńýc�]�CƾCF$

ɷƷ�C 1 ǯɩ2ȯƄÐIɮ?ϵ"2,�2ȧø2Ɨ,�$϶ųϫ́ɅIŁ 2.7 /˓

�϶ˡɬδ2œþ/º�ϵPTT �λ�.Dϵḁ̆Ŕ�ɆC��.E/(F* PWV �

œþ�EÖĨ/
ÉɅ,.'$϶  
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Ł 2.6� ɚȏǁʩĽΆ2ɚƯŁ  

 

 

Ł 2.7� ḁ̆e�X2ˡɬδ,̥ɷ¹ȋȧο2πË
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s3r�/�p0��#&�$�N]�cMa��k 
úˤ+3ϵḁ̆Ŕ2ː�IŲδʿ/ǻ�E$?2̥ɷ¹ȋΞƩ (PWV)2ēʨ/(

�*Η9$϶ȸˤ+3ϵȟƝʪɼʩŒ/��EôʬIǑŲ�$ḁ̆ːĆaX��

n�YǷə2͜ʊǣɶ2ξʼ/(�*Η9E϶  

ǣɶ2ξʼ/
$Dϵ< ƽȿ<+2 PWV 2͜ʊǣɶ/(�* 3.1 ˮ+Η9ϵ

3.2 ˮ+ϵȸˎˠ+ȁɌ�Eǅϔ,Ý̥ɷIʬ�$ PWV 2͜ʊǣɶ2ɕ͏IΗ9

E϶3.3 ˮϵ3.4 ˮ+3ț$. PWV ͜ʊǣɶIųʧ�E$?2͜ʊ͉̐,͜ʊL�

\�b�2ξʼ/(�*Η9E϶"�*ϵ3.5 ˮϵ3.6 ˮ/��*ϵξʼ�$ PWV

͜ʊǣɶ�ḁ̆ːĆ2aX��n�YǷə,.DƾE�,Iųϫ/B'*˓�϶   

3.1 �b(P�D�i��T:N]  
ƽȿ2͉̐+3ϵ̥ɷ�ńýŗă+
E�,�Cϵ̥ɷ2͜ʊɶ/kp�k�

ɶ�ˡɬŸ˟̥ɷɶ (Pulse Volume Recording: PVR)�ʬ�CF*�E϶�FC2͜

ʊɶ+3ϵ̥ɷ/BEŗăIńýc�]+ǻ�E϶kp�k�ɶ3ϵ¿͆2Δ�

/
EɪΏʿś�ḁ̆ϳϠḁ̆.-ϴ/ƀ�*ϵńýc�]Iǭ�ƶ**łŲ�ϵ

ńýŗĆIǻ�EȜɶ+
E϶kp�k�ɶ/BE̥ɷ2͜ʊ�ğ̢.ḁ̆3ϵ

ḁ̆æń�ḁ̆ŔI¯�*ĂʦB�¹HEήï/ʚ�F4.C.�϶(<Dϵă

̥,ńýc�]2˿̎�ƅ.�ϵc�]Iźˉ�!CFE¿͆/ϘƝ/Δ�ήï

/
Eḁ̆+.�F4.C.�϶þ�*ϵńýc�]+ḁ̆I
E˜ƩǢƠ�!

*͜ʊ�Eǆ͏�
E$?ϵńýc�]2ḁ̆IǹJ%Ĩ��Ô/Ϭ.-2ː�

˿̎2
Eήï+.�F4.C.�϶�2$?ϵ͜ ʊή½�υCFE%�+.�ϵ

c�]2ěD²�/3ḁ̆2½̐/π�Eˋʹ,Ωð.ńý+ǭ�ƶ*Eǥ̢�

͏ɮ�FE϶ˡɬŸ˟̥ɷ3ϵ͂ń͜ʊ/ʬ�CFE@2,Ħɘ2Twϳ��_

Phkϴ,Į4FEˡɬ͇I̪A̦/Ƙ�²�*þń�ϵþń�$ˡɬ/¹HE

̥ă/BEńýŗĆIǻ�EȜɶ+
E϶̥ɷ/BE͂˭ƺ2ŗĆITw2ˡɬ

+ǻ�ϵńýc�]+ɒî�EȜɶ+
E϶�2$?ϵˡɬ�Ÿ˟	̥ɷ,Į4

F*�E϶̥ɷ2͜ʊ/ˡɬń2¹Φ̀ΆIĩ>$?ϵTw2ěD²�/ɸǒ�

ǆ͏+ϵTwIƘ�²�Eƴ�AĨ���Ωð.ōĤϵɷƷ�ŗƷ�Ωð.͜ʊ

�̓.�.�϶  

ʧŅϵǞ�Ń+Ȩė�*�EǷə3ϵ�̪΄Ϩ̥ɷ¹ȋΞƩ (brachium-ankle Pulse 

Wave Velocity: baPWV),ǅ̮΄Ϩ͂˭Ƿȗ (Cardio Ankle Vascular Index: CAVI)+


E϶�FC2Ƿə͜ʊ/3ϵ�/Tw/BEˡɬŸ˟̥ɷ�ʬ�CF*�E϶
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�FC2ǷəI͜ʊ�EɝĻ+3ϵSy_��,�*ϵhfPWV .-Ikp�k�

ɶ+͜ʊ�E�,@ğ̢+
E϶ˡɬŸ˟̥ɷɶ3ϵkp�k�ɶBD@˲Ê/

ôʬ+�Eôʙ�
E�ϵḁ̆ń2͜ʊ�ˡɬI¯�*̓HFE$?ϵǇ˪ǋA

Ĭɷȗʡǋ�B�.� [17]϶þ�*ϵ͜ʊȧ/Tw/BEþńI̓�$?ϵḁ̆�

ńΖ�Fϵ"F/BE͂˭ʡǋŗĆ2ƹϜI̔Ǚ�*͜ʊI̓H.�F4.C.

� [18]϶  

3.1.1 '�l��b(P�D�i��N] 

ʧŅǞ�Ń+Ȩė�*�E PWVIʬ�$Ƿə/(�*˲Ď/Η9$϶ȸˮ+3ϵ

Ü/Η9$ 2 (2ǷəIĩ>³͆ʿ. PWV Iʬ�$Ƿə/(�*Η9E϶< ϵ

ϘÉ͎ʿ.Ȝɶ,�*ϵǞ�Ń+ 1970 ơ/ȁĴ�Fʬ�CF*�$ PWV ēɶ,

Į4FEǅ̮Ś̫ḁ̥̆ɷ¹ȋΞƩ (heart-femoral Pulse Wave Velocity: hfPWV)2

͜ʊȜɶ�
E [19]϶ɟ/ϵʧŅȀŝ�F*�EȜɶ,�*ϵǞ�Ń2ḁ̆ːĆǋ

ʷǎ£ςUNl�N� [4]+3ϵbaPWV , CAVI �Ǹ�CF*�E϶CAVI 2͜ʊ

/3ϵǅ̮΄Ϩ̥ɷ¹ȋΞƩ (Heart-ankle Pulse Wave Velocity: haPWV)�ʬ�CF

*�E϶<$ϵɠƔ2ϭ͂ńɴʻUNl�N� [20,21]+3ϵ2011 ơ�CϠḁ̆Ś

̫ḁ̥̆ɷ¹ȋΞƩ (carotid-femorral Pulse Wave Velocity: cfPWV)�ͣÈϝ˃,�

*Ǹ�CF*�E϶´�/ϵ�͞2 4 (2 PWV Iʬ�$Ƿə2ɕ͏/(�*Η9

E϶  

 

� cfPWV 

cfPWV 3ϘÉ͎ʿ. PWV ,�*ϵɪΏʿĞ��C
E϶Śḁ̆ PWV ,@Į4

FE϶Ϡḁ̆,Ś̫ḁ̆2ń̥ɷI͜ʊ�ϵPWV I͜ʊ�E϶Śḁ̆ư+ïƎ�

$Ϻ(2ḁ̆+̥ɷI͜ʊ�*�E$?ϵŁ 3.1 /˓�B�/ϵ͜ʊƀ͸2ḁ̆3

ǅ̮ -Ś̫ḁ̆2̀Ά�Cǅ̮ -Ϡḁ̆2̀ΆIƱ�$@2/.E϶$%�ϵƗ�Ʊ

�̀ΆĦŖ2¹ȋΞƩ�˧��,µŲ�*�E϶Ğ��C
EȜɶ+
E$?ϵ

řȗ2ˎˠǝɅ�̾˟�F*�E�ϵēʨʿ/ƀ͸2ḁ̆��Ȣˑ+
E�,A

ḁ̆ːĆ�Ρ̓�A��Śḁ̆2ʡǋ�ɞŠ�*�Eĵϣ�Ƿȉ�F*�E [22]϶ 

ńýc�]I˄ǿϠḁ̆AŚ̫ḁ̆/ǭ�ƶ*.�F4.C.�$?ϵ͜ʊ/

3Ɓμʿ.ǥ̢I͏�E϶  

 

� hfPWV 

hfPWV 3ϵǅϛ,ϯΉή2ń̥ɷIʬ�*ˬî�FE PWV +
E϶cfPWV +

�Ȣˑ+
'$͜ʊƀ͸��Ȣˑ.ĵϣ�͙ɱ�F$Ȝɶ+
E϶�C/ϵPWV
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�͂ń2ƹϜIĜ�E�,�CϵhfPWV IǴƳȴ͂ń 80 mmHg 2,�2Ð/ń͋

ɢ�EȜɶ�ϵǞ�Ń+ξʼ�F*�DϵPWV ēɶ,Į4F*�E϶͜ ʊƀ͸3ϵ

Ł 3.2 /˓�B�/ϵǅ̮�CŚ̫ḁ̆<++
E϶  

cfPWV ,Ħɘ/ńýc�]IŚ̫ḁ̆/ǭ�ƶ*.�F4.C.�$?ϵ͜ʊ

/3ǥ̢I͏�E϶  

 

 

 

Ł 3.1� cfPWV 2͜ʊή½,͜ʊƀ͸  

 

 

 

Ł 3.2� hfPWV 2͜ʊή½,͜ʊƀ͸  
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� baPWV 

baPWV 3ϵʧŅǞ�Ń+Ȩė�*�E PWV 2Ϲ(+
Dϵř�2ˎˠϵ̰Ʀ

ų̍�
E϶baPWV 3ϵS_��k�hXɶ2͂ń͜/ʬ�CFE@2,Ħɘ2

Twϳ��_PhkϴI�̪,΄Ϩ/Ƙ�²�E�,+ēʨʿ/3͜ʊ+�E϶

�2$?ϵhfPWV BD@ǥ̢I͏� /͜ʊ�+�E϶þ�*ϵϯΉή2ϕî�

�͏+
E$?ϵ͈͜ʊ̕2ǅʨʿ.ǬǩA͜ʊ2ǣο�ƅ.�,�F*�E϶  

˲Ê+
EęϙϵŁ 3.3 /˓�B�/ϵ͜ʊή½2ίĤ�C cfPWV Ħɘ/͜ʊ

ƀ͸2ḁ̆��Ȣˑ+
E϶  

baPWV ͜ʊ3ϵŁ 3.4 2͉̐ (form PWV/ABIϵS���[��� )+̓HFE϶

ēʨʿ/3ϵ�̪,΄Ϩ2ˡɬŸ˟̥ɷ2=+͜ʊ�̓�E�ϵųό2͜ʊ͉̐

+3ϵǅϔ,ǅϛ2͜ʊ@ǆ͏+
E϶<$ϵĦȧ/̓HFE͂ń͜ʊ2́ɅI

ʬ�*ϵ͋ɢ�F$́Ʌ�ȁ˓�FE϶baPWV ,ḁ̆ːĆ2πΠǋ/(�*3ϵ

2002 ơ�CŌī�F*�E϶  

 

�CAVI (haPWV) 

CAVI 3ϵhaPWVϵĚ̌ȴ͂ń�B6ǴƳȴ͂ńIʬ�*ˬî�FEǷə+
E϶

PWV ēɶA baPWV ,ʴ.DϵPWV I͂ń/B'*͋ɢ�E2+3.�ϵ͂ń/

Çũ�.�ḁ̆Ŕ2ː�Ięȥ�EǷə+
E stiffness parameter �/Ŋ)�ÐI

ˬî�EȜɶ+
E [23,24]϶CAVI 3Ư (3.1)/B'*͜ˬ�FE϶$%�ϵa, b3
PWV ēɶ, CAVI IƀǇ�!E$?2Ëȗϵ ρ3͂ʁźƩϵPs 3Ě̌ȴ͂ńϵPd

3ǴƳȴ͂ń+
E϶  

CAVI = a 2ρ
Ps−Pd

⋅haPWV 2 ⋅ ln Ps
Pd

!

"
#

$

%
&+ b      (3 .1 )  

CAVI 2ˬî/ʬ�CFE haPWV 3ϵǅϛ,΄Ϩ2ˡɬŸ˟̥ɷ�Cˬî�F

E϶hfPWV 2͜ʊƀ͸I΄Ϩ<+ƭλ�$͜ʊ̀Ά+
EϳŁ 3.5ϴ϶  

CAVI @ baPWV ĦɘϵʧŅǞ�Ń+Ȩė�*�EȜɶ+
Dϵř�2ˎˠϵ̰

Ʀų̍�
E϶͜ʊ3ϵŁ 3.6 2͉̐ϳVaSeraϵwXfϔŧϴ+͜ʊ�FE϶CAVI

,ḁ̆ːĆ2πΠǋ/(�*3ϵ2004 ơ�CŌī�F*�E϶  
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Ł 3.3� baPWV 2͜ʊή½,͜ʊƀ͸  

 

 

 

Ł 3.4� baPWV 2͜ʊ͉̐ϳ form PWV/ABIϵS���[���ϴ  
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Ł 3.5� haPWV 2͜ʊή½,͜ʊƀ͸  

 

 

 

Ł 3.6� CAVI 2͜ʊ͉̐ϳVaSeraϵwXfϔŧϴ  
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3.2 �cN]�OY  
ʧŅȨė�*�E baPWV A CAVI .-+3ϵńýc�]Iʬ�*͜ʊI̓'*

�E$?ϵɘ�.ö˸�
E϶̟ȩ,ȸˮ23�?/Η9$B�/ϵˡɬŸ˟̥

ɷɶ+3̪A΄Ϩ/Ƙ�(�ETwϵQL[�y�h]ϵTw,[�y�h]I

ǿ̅�Eg��x�ǆ͏,.DϵƄňĆ�Ŀϓ+
E�,AěDǤ�2ʝϑ.�

,.-2ĵϣ�
'$϶ńýc�]Iḁ̆/ǭ�ƶ**˄ǿ̥ɷ͜ʊI̓�kp

�k�ɶ3ϵ͜ʊƀ͸2ḁ̆I͑(�î�ϵΩð/c�]IłŲ�Eǥ̢�ǆ͏

.$?ϵƁμŷ´Ř2Äʬ�ϓ��϶�C/ϵńýc�]/BE͜ʊ+3ϵḁ̆

æńI͂˭ŔAˁ̬.-2ʪ¿˿̎ϵ�B6ˡɬI¯�*͜ʊ�*�E϶"2$

?ϵńý¹ȋ2Ŧ΀,.'$˿̎Aˡɬ2ƹϜ/BE̥ɷ2Σƭ�ŗƷ�ά�C

F.�϶  

"�+ϵȸˎˠ+3ȟƝʿ.ôʬIǑŲ�$˲Ê.͜ʊǣɶ2ξʼI˃Ƿ�*ϵ

ńý2͜ʊ/BC.�ēʨ+ PWV ͜ʊI̓�ǷəIǾʬ�E϶  

ńýc�]Iʬ�.�̥ɷ2͜ʊēʨ/3ϵ΃ϛɷc�]/BE@2 [25,26]ϵ

Ýc�]/BE@2 [27].-�
E϶΃ϛɷc�]/BEȜɶ3ϵ΃ϛɷʱØIʬ

�*̓�$?ϵL�Nʢ/ΰ̐�$c�]�ǆ͏,.DƄňĆ�ϓ��ϵ͜ʊƀ

͸2ḁ̆/ƀ�*Ωð.Ĩ�+2łŲ�ǆ͏.$?ϵěDǤ�2˲ÊĆ@ϓ��϶

�F/ƀ�*ϵÝc�]+͜ʊ�FEÝ̥ɷ3ϵʼÝfNS�l.-2ϘƝ/Ƅ

�.ʼÝ˻ŧϵwRkfNS�l.-2ϘƝ/Ƅ�.ĜÝ˻ŧ,œƞĽΆ2=+

ɗǝ+�ϵƄňĆ�Ÿȣ+
E϶�C/ϵǷÜ.-2ȷɏή½/c�]Iƶ**

͜ʊ�ğ̢+
Dϵ͉ˉ2˲˻ĆI̓�A��϶˲Ê/͜ʊ+�EÝ̥ɷIʬ�

$Ƅň2͜ʊ͉̐2Å,�*3ϵ̀ˁʿḁ̆͂α˻ϦİƩϳSpO2ϴI͜ʊ�Es

�aSV_��e�
E [28]϶  

ḁ̆ːĆ3Śḁ̆.-2ś�͂˭+Ρ̓�A��,�F*�E$?ϵŚḁ̆I

ĩ>̀Ά2 PWV 2͜ʊ�ȳ<��϶���ϵÝ̥ɷ3͜ʊƀ͸2ḁ̆/Ý�Ɖ�

.�,͜ʊ�E�,�+�.�$?ϵŚḁ̆.-2ʂή/
Eḁ̆2̥ɷI͜ʊ

+�.�϶"�+ϵǅ̮/Δ�ḁ̆2̥ɷ2³Ȯ,.DƾEÍġI̔�E,ϵǅ

ϛAǅϔ�
E϶ǅϔ3ǅ̮2ǯă/º�ʼʪ�EϔɬÍġ+
Dϵǅϛ3ǅ̮

æ2Ʈ2×�A͂ɾ/B'*ʼʪ�EϛÍġ+
E϶ǅϛ3ϵϛI͞ι�E$?

ȟƝʪɼʩŒ+3ϑϛ�ʄà�A��϶ǅϔ3ϵϔɬÍġIˁ̬�C˄ǿ͜ʊ�

E$?ϵǅϛ/ɪ9*pNb2ƹϜ�ƅ.�,̔�CFE϶  

"�+ϵȸˎˠ+3ϵȷɏ2̥ɷIǻ�E$?/Ý̥ɷIʬ�ϵǅ̮²Δ2̥

ɷ2³Ȯ/ǅϔIʬ�*ˬî�$ PWV I͜ʊǷə,�E϶  

̟ȩ+Η9$B�/ϵǅϔ,Ý̥ɷIʬ�* PWV Iˬî�$Ōī3
E�
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[29,30,31]ϵ�FC2ˎˠ3͜ʊǷə2ȁɌ/ʳ<'*�Dϵḁ̆ːĆ,2πΠǋ

/(�*ɒ͢�F*�.�϶ȸˎˠ+3ϵ�2͜ʊǷəIųʬʿ.͉̐/B'*

͜ʊ�ϵ͜ʊǷə�ḁ̆ːĆ,πΠ�E�,I˓�϶ǅϔ,Ý̥ɷ/BE PWV 2

ųʬʿ.͉̐/BE͜ʊIųʧ�E$?/3ϵȟƝʪɼʩŒ+2ôʬIǑŲ�$

͉̐,͜ʊL�\�b�2ξʼϵ�B6ϵξʼ�$͉̐/BEḁ̆ːĆaX��

n�YǷə,ḁ̆ːĆ,2πΠǋ2ɒ͢�ǆ͏+
E϶  

ȸˎˠ2͜ʊǷə+ʬ�EǅϔϵÝ̥ɷ,ǅϔ,Ý̥ɷ/BE PWV 2͜ʊή½

/(�*ϵɟ/Η9E϶  

3.2.1 H� 

ǅϔ3ϵǅ̮2ɼă/º'*ʪ�E϶ǅϔIɷƷ,�*͞ι�$@23ϵǅϔ

Ł (Electrocardiogram: ECG),Į4FE϶ǅ̮2ɗΟ3ϵŁ 3.7 2B�/.'*�Dϵ

ϗ̥�C͂ʁIĪ�Γ>ǅǠ,ϵḁ̆8͂ʁIΙDî�ǅŴ+ɗǝ�F*�E϶

ĂʦB�͂ʁIΙDî�$?/ϵǅǠ�ǅŴ2Ě̌�ǴƳ3͒ùɢ��̓HF*

�E϶�2͒ùɢ��ǅ̮2ɼă3ϵɻǠ́ˮ,÷ʔ¹ƃ˶/B'*ųʧ�F*

�E϶ɻǠ́ˮ3ϵǅ̮2ϔɬʿɼă2ʼ˥+
Dϵ͒ùʿ.ϔɬ÷ʔIʼʪ�

E϶÷ʔ¹ƃ˶3ϵɻǠ́ˮ+ʪ�$ϔɬ÷ʔIǅǠϵǅŴ2Ϟ/Ωƶ.Σƭȧ

ο+¹Φ�E϶ǅǠ�ǅŴ/¹Φ�F$ϔɬ÷ʔ/BDǅ˨�Ě̌�ǴƳ�E϶

�2ǅ˨2Ě̌�ǴƳ2ό/ʼʪ�Eϔ½�ǅϔ+
E϶  

ǅϔ3ϔɔIʬ�*͜ʊ�FϵϔɔIěD²�Eōǡ/B'*ɘ�.˝ϥ�


E϶�̵ʿ.ϔɔ2͉ˉȜɶ3ϵəʍ 12 ͪƃ,Į4FE@2+ϵļ̛ͪƃ2 4 (

,̡ήͪƃ2 6 (2ϔɔIʬ�ϵ12 ˝ϥ2ɷƷ�͞ι�FE϶ǅǯȗ2͜ʊ.-

˲ȣʿ.͜ʊ2ōĤ/3ϵ�2�&2Ϲ(2ͪƃIʬ�*͜ʊ�FE϶  

ǅϔŁ2ɷƷ3ϵʡǄʿ.Ʒ�,/ PϵQϵRϵSϵTϵU ,Į4F*�E϶Ł 3.8

/ϵǅ̮2ɼă,ǅϔϵǅϛϵḁ̆ń2πËI˓�϶ȸˎˠ+3ϵǅϔI̥ɷ2

³Ȯ,�*ʬ�E$?ϵ̥ɷ,ƀǇ2B�ʡǄIʬ�Eǆ͏�
E϶̥ɷ2ǝľ

,.Eǅ̮2ɼă3ǅŴ2Ě̌+
Dϵ�F3ǅϔŁ2 R ɷ/ƀǇ�E϶�$�

'*ϵȸˎˠ+3ϵǅϔŁ2 R ɷIǅ̮/ȯ@Δ�ϵŚḁ̆Ŋή2̥ɷ,�*Ǿ

ʬ�E϶  

$%�ϵŁ 3.8�Cï�EB�/Ĕź/3ϵRɷI΂ʙ,�*ǅŴæń��ȡ�ϵ

ḁ̆ń/Φ�E,ḁ̆Ʈ�͙ȓ�F*͂ʁ�ḁ̆/ǯî�FE$?ϵŚḁ̆Ŋή

2̥ɷ2ʪǝ, R ɷ3ůá/Ħȧ/ʪ� ϵȧοƗ�
E϶���ϵ�2ȧοƗ

3̥ɷ¹ȋȧο/ƀ�*ĉï/ˌȧο+4C(�Ƅ��$?ϵPWV 82ƹϜ3ĉ

ïƄ��@2,�*ʚ͓+�E@2,̔�$϶  
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Ł 3.7� ǅ̮2ɗΟ  

 

 
Ł 3.8� ǅϔ,͂ńϵ͂ɾ  

ϳ [32]BDƱʬϴ  

Right ventricle

Left ventricle

Aortic valve

Right atrium

Left atrium
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3.2.2 -�c��
�b 

Ý̥ɷ3ϵÝc�]Iʬ�*ϵʪ¿æ2͂ʁʢǕŗĆIǻ�$@2+
E϶͜

ʊ3ϵŁ 3.9 /˓�B�/ʪ¿ΚΥǋ2B�΁ŘÝ.-Iʬ�*ϵǷÜA̗Ⱥ.-

+̓HFE�,�ř�϶ʪ¿3ÝIB�Ȗ¡�E$?ϵΚΥÝIǻ�EúȜȖ¡

/þ�*ϵƼȜȖ¡/B'*@͜ʊ�ğ̢+
E϶  

ʪ¿æ/àƂ�$Ý3ϵʪ¿˿̎A͂ʁ/B'*ĪĚ�FE϶ĪĚ�FEÝ3ϵ

Ý�ΝΥ�E΅ϒAʠ΀2ʕƩ.-/B'*ŗĆ�E϶�2$?ϵΚΥ�$Ý2

ƴ�2ŗĆ3ϵˌȧο+ŗă�.�ˁ̬AϬ.-2ʪ¿˿̎ϵϗ̥͂ʁ2ƹϜI

Ĝ� ϵ̥ɷ/B'*ŗă�Eḁ̆͂ʁ (,ḁ̆ )2ŗĆ/B'*ʪ�E϶�F/B

DϵÝ2ƴ�IÝc�]+͜ʊ�E�,/BDϵ̥ɷ�͜ʊ+�E϶  

 

 

Ł 3.9� Ý̥ɷ2͜ʊ  
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3.2.3 �c�) 

PWV 2͜ʊƀ͸,.Eḁ̆3ϵː�I͜ʊ�$�ḁ̆/Ǉ�*̥ɷ2͜ʊ½̐

IɱŲ�E϶�F3ϵPWV +3Ŋȸʿ/̥ɷ2͜ʊ½̐ο2ḁ̆2ǐŌ�ƾCF

E$?+
E϶ųόϵĈʻɝπ+ʬ�CF*�E haPWV A baPWV 3ϵνŐǋă

̥ːĆʹ2şʼή½+
E�̛ḁ̆Iĩ>̥ɷ2͜ʊή½�Ϊǫ�F*�E [33]϶

<$ϵḁ̆ːĆ3Śḁ̆.-2Ƶǋḁ̆+ΡƊ�Ϥ̼+
DϵƵǋḁ̆Iĩ>̀

Ά+2͜ʊ�β͏+
E϶  

"�+ϵȸˎˠ+3ǅϔ,Ý̥ɷ+͜ʊğ̢.ή½ϵ�B6ϵȞũǷə,2¦

Ȃǋϵḁ̆ːĆ2şʼή½ [34]I̔Ǚ�*�̛ḁ̆,Ƶǋḁ̆Iĩ>̀ΆI͜ʊƀ

͸2�(,�E϶�C/ϵ͜ʊ2�A��I̔Ǚ�*Ƶǋḁ̆Iĩ=�̛+͜ʊ

ğ̢.̀Ά@͜ʊƀ͸,�E϶"F#F2ή½+͜ʊ�$ PWV 3ϵ"F#F  

stPWV(Sinoatrial node-toe Pulse Wave Velocity), sfPWV(Sinoatrial node-finger Pulse 

Wave Velocity),Į7�,,�E϶ stPWV 2̀Ά3 haPWV 2̀Ά,:;Ħɘ+


DϵhaPWV2̀Ά/΄Ϩ�C΄Ƿ<+2̀ΆIþ�$@2� stPWV2̀Ά,.E϶

͜ʊή½IŁ 3.10ϵŁ 3.11 /˓�϶  

PWV 2ˬî/3ϵPTT ,,@/̥ɷ2¹ȋ΅ϒ�ǆ͏,.E϶¹ȋ΅ϒ3ϵ̥

ɷI͜ʊ�$ 2 Tǡ2ο2ḁ̆2λ�+
E϶ḁ̆2λ�3ϵǝ­2ōĤ:,J

-ŗĆ�.�,̔�CFE$?ϵPWV ͜ʊ2Ʃ/ʊŲ�Eǆ͏3.�,̔�CF

E϶<$ϵ̥ɷ�¹ȋ�$ḁ̆2λ�3ϵ˲Ê/͜ʊ�E�,�+�.�϶"2

$?ϵȞũ2 baPWV A CAVI .-2͜ʊɝĻ+3ϵΊλIʬ�*¹ȋ΅ϒ�ȀŲ

�F*�E϶"�+ϵȸˎˠ/��*@ϵΊλIʬ�$ȀŲƯ/BDϵ¹ȋ΅ϒ

Iˬî�EȜɶIǾʬ�E϶ǅ̮�C΄Ƿ2ǷÜ<+2λ�I baPWV ͜ʊ/ʬ�

CF*�E¹ȋ΅ϒ2ȀŲƯ (3.2) [35]Iȑŗ�Ų̒�E϶��+ϵL 3¹ȋ΅ϒϵ

H 3Ίλ+
E϶  

Lba = 0.8129H +12.328  [ cm]       (3 .2 )  

baPWV ͜ʊ+ʬ�CF*�EȀŲƯ�C3ǅ̮�C΄Ϩ<+2¹ȋ΅ϒ�ƾC

FE$?ϵȸˎˠ+3΄Ϩ�C΄2͖ǷÜ<+2¹ȋ΅ϒI 35 cm ,�*ϵƯ (3.2)

/þˬ�E�,+ stPWV 2¹ȋ΅ϒ2ȀŲƯ (3.3)IŲ̒�$϶  

Lst = 0.8129H + 47.328  [ cm]      (3 .3 )  

΄Ϩ�C΄2͖ǷÜ<+2¹ȋ΅ϒ3ϵȟȸ­2΄λ2ƠŇ [36],ųʊ�$΄Ϩ

�CΈ<+2λ��CȀŲ�$϶΄λ2əʍÑƗ3ƠŇΊλ2 0.9%+
DϵΈ�

C·<+2əʍÑƗ3 0.4%+
E [37]϶Έ�C΄Ϩ<+2λ�2̃͜Ð�ƾCF
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.�'$$?ϵǝ­ʰǋ+ųʊ�$϶"2λ�24C(�3Έ�C·<+,Ħ˜

Ʃ+
E,̔�CFE϶�$�'*ϵ΄Ϩ�C΄Ü<+2λ�2əʍÑƗ3ϵΊ

λ/ƀ�* 1.5%´�,̔�CFE$?ϵŲȗ/BEȀŲ/BE͜ʊÐ82ƹϜ3

ĉïƄ��,òȚ�$϶  

 

 

 

Ł 3.10� stPWV 2͜ʊή½,͜ʊƀ͸  

 

 

 

Ł 3.11� sfPWV 2͜ʊή½,͜ʊƀ͸  
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3.3 ?6�vU��c�{  
ǅϔ,Ý̥ɷ/BE PWV 2͜ʊI̓�$?2͉̐I͌Â�$϶͉̐2ɗǝIŁ

3.12 /˓�϶ȸ͉̐3ϵǅϔ,Ý̥ɷI͜ʊ�E$?2c�]jrNaϵ�B6ϵ

͜ʊÍġ�C PWV Iˬî�͆˓�Es�dm�[�v��e�+ăÂ�Edwk

OPL/B'*ɗǝ�FE϶c�]jrNa3ϵǅϔy��x,̥ɷy��x+

ɗǝ�$϶c�]jrNa,dwkOPLIȇΐ�$[�v��e2ο2ΝÍ/

ʚ̉Iʬ�E�,+ϵϘǱȽ+2͜ʊ,͜ʊ́Ʌ2�L�eN�͆˓Iųʧ�$϶ 

ȸ͉̐/BE͜ʊ3ϵǅϔy��x,̥ɷy��xI͉ˉ�ϵdwkOPL2

͜ʊξŤ}e�IX�hX�*̓�϶͜ʊ/º�ȎÂ3ϵ͈͜ʊ̱̕Ί+̓�ϵ

ˌȧο+̓�EB�͟͜�$϶ǅϔy��xIƖ̡ή/źˉ�!ϵX�hyň2

̥ɷy��x+ǷÜIǹ>�,+͉ˉ�ů¢�E϶͉ˉ3Ϲï´�+̓�E϶

stPWV ͜ʊ2ɘŧIŁ 3.13 /˓�϶ǅϔy��x3ϵϔɔIƖ̡ή2ˁ̬/źˉ

�!E$?ϵͅȲ2�/àF*Ġǣ+Ύ�ǭ��*�E϶ sfPWV ͜ʊ2ōĤ3ϵ

̥ɷy��xIƖǣ˓Ƿ/ěD²�E϶͜ʊťĄ3ϵ¶̯½,�E϶͜ʊȧο3ϵ

͜ʊ�͹ǮI̔Ǚ�ϵĉï.ȗ2ǅǯ�̥ǯI͜ʊ�E$? 30 ˛,�$϶  

 

 

Ł 3.12� ͜ʊ͉̐2ɗǝ  

Computer
ECG Probe

PTG Probe

Communication 
Unit

Battery Power
Power

Power

Analog 
Signal

Analog 
Signal

Wireless
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Ł 3.13� stPWV 2͜ʊ2ɘŧ  

3.3.1 �$�� �� 

͌Â�$c�]jrNa2éˈIŁ 3.14 /˓�϶c�]jrNa3ϵŁ 3.12 2

ˏ̉æ2ήï/˅ƶ�EΝÍ�nhkåǅϔy��x,̥ɷy��x+ɗǝ�$϶

̥ɷy��x3ΝÍ�nhk/ȱ̉ǿ̅�F*�DϵΝÍ�nhk�C2ϔýÆ

̂,y��x�C2͜ʊÍġ2¹Ι�̓HFE϶ȱ̉ǿ̅2$?ϵy��xÔ/

ϔʌAʚ̉ΝÍɝ̢��͏,.DƄňĆ+�E϶þ�*ϵLm�YÍġ/BE¹

ΙIǾʬ�E�,+͜ʊÍġIΣƭ.�¹Ιğ̢+
E϶�F/BDϵʡó.Ħ

ȴ2$?2°˿=.�/ PWV͜ʊ2$?2ǅϔ,̥ɷ2Ħȴ͞ιIųʧ�*�E϶ 

ΝÍ�nhk3ϵǅϔ,̥ɷ2 A/DϳAnalog/DigitalϴŗȂ,ʚ̉ΝÍɝ̢IǶ

(϶͟͜�͌Â�$ΝÍ�nhkĽΆIŁ 3.15 /˓�϶A/D ŗȂ,ΝÍ2öƿ/

3ϵƄň2�NX�[�k���ϳPIC24F32KA301ϵMicrochip Technology Inc.ϴ

Iʬ�$϶A/D ŗȂ3ϵǅϔ,̥ɷ2ĬɷȗʡǋI̔Ǚ�*ϵəȸĆĬɷȗ 1 kHzϵ

ï̢͙ 12 bit +̓HFE϶ʚ̉ΝÍ/3ϵɯʬǋ�ϭ�ϵĉï.ΝÍ΅ϒ,ΝÍΞ

ƩIˑÌ+�E Bluetooth IǾʬ�ϵBluetooth ΝÍʬ2jrNa,�*ϵBluetooth 

module WT32 (Bluegiga Technology)Iʬ�$϶ Bluetooth ΝÍ/3ϵ Bluetooth 

2.1+EDR 2 Serial Port Profile Iʬ�$϶ΝÍΞƩ3ϵǅϔ,̥ɷ2͜ʊj�e�

B6zhfǐŌ.-�Ĥ͜ 80 kbps /.E$?ϵÁ͊I̔� 230.4 kbps ,�$϶�

2ΝÍΞƩ/BDϵ͜ʊj�e2S��N�ΝÍ�+�E�,3ϵŊ˒ųϫ/B

Dˑͩ�$϶  

c�]jrNa2ϔʌ/3ϵQo�WźƩ/ÙFE Li-ion rhi�ϳ3.7 Vϵ550 

mAhϴIʬ�$϶ȸjrNa/3ϵUSB ϔʌ�C2ϔýÆ̂/BDrhi�IÛ

ϔ�EĽΆIȇΐ�$϶ȸjrNa3ϵʋÛϔ2ʢǕ�C�B" 4 ȧο˜ƩΠ̅



˦ 3ˤ ḁ̆ːĆaX��n�YǷə͜ʊǣɶ2ξʼ 

 -30- 

͜ʊ�ğ̢+
E϶  

 

(a)� Ř͗  

 

 
(b)� ϔɔ2ɗǝ  

Ł 3.14� ξʼ�$c�]jrNa  

ǅϔy��x3ϵϔɔ,ÍġíʨĽΆ+ɗǝ�$϶͌Â�$ĽΆIŁ 3.16 /˓

�϶ϔɔ3ai��aɂ͌+ϵˁ̬,2ǿ͚ϙ2Ś��3˸ 20mm ļȜ+
E϶

ϔɔ3ϵŁ 3.14(b)/˓�B�/ΰ̐�$϶ϻ(2ϔɔ3ϵ"F#FƗăœƞʬ2
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2 ɔϳLAϵRAϴ,Y�O�lʬ2ϹɔϳRFϴ+
E϶ϔɔ+͜ʊ�F$Íġ3ϵ

œƞ�wM�e��Yíʨ�ϵA/D ŗȂ�FE϶ϔɔ/ϙ˟2ƥ�ϔɔIʬ�E

�,+ϵǿ͚�̶2ΎʇIŁ'$϶<$ϵȸˎˠ2ǣɶ+ǆ͏,.EǅϔɷƷ3 R

ɷ2=2$?ϵǅϔy��xI͉ˉğ̢.˯ŀ3ƥ�ϵƖ̡ή²Δ2κϬ�ΒD

�C˦ĉ¥̚ϬΒD2˯ŀ+͜ʊ+�E϶$%�ϵy��x��'�Dźˉ�E

B�/ěD²�½̐2ǂͯȘI̓'*�C͜ʊ�E϶ȸy��x+3ϵəʍ 12 ͪ

ƃ2�&ϵ̡ήͪƃ+͜ʊ�FEɷƷ,ϥ¼�$ɷƷ�͜ʊ�FE϶   

̥ɷy��x3ϵ΁ŘʼÝfNS�lϳLED: Light Emitting DiodeϴϵwRkfN

S�lϳPD: Photodiodeϴϵ�B6ÍġíʨĽΆ+ɗǝ�$϶͌Â�$ĽΆIŁ 3.17

/˓�϶LED 2ɷλ3 940 nm +
E϶�2ɷλ3ϵ͂ʁ+2ĪÝƩ�ϭ�ϵ±2

ʪ¿˿̎+2ĪĚƩ�¾�$?ϵÝ̥ɷ͜ʊ/Ω�*�E϶͉ˉǋ,ƄňĆI̔

Ǚ�*ϵLED , PD 3ϵĦ�Ơϙ�/̐͟�ϵƼȜȖ¡ÝIǻ�E͜ʊȜɶIǾʬ

�$϶PD +ǻ�$Íġ3ϵœƞ�wM�e��Y�ϵA/D ŗȂ�FE϶  

 

 

Ł 3.15� ΝÍ�nhkĽΆ  
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Ł 3.16� ǅϔ͜ʊĽΆ  

 

 

 
Ł 3.17� ̥ɷ͜ʊĽΆ  
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3.3.2 �c�!���� 

͜ʊdwkOPL3ϵc�]jrNa2öƿϵ͜ʊj�e2ĚιϵPTT �B6

PWV 2ˬîI̓.�϶͜ʊdwkOPL2 GUI IŁ 3.18 /˓�϶ξŤ}e�2X

�hX/B'*͜ʊ�ξŤ�Fϵ30 ˛Ƽ/̱ăʿ/˾¢�E϶c�]jrNa+

͜ʊ�$ǅϔ,̥ɷ2Íġ3ϵʚ̉ΝÍ+͜ʊdwkOPL/ΙCFϵ͜ʊɷƷ

��L�eN�/͆˓�FE϶30 ˛2͜ʊ�˾¢�E,ϵPTT I͜ʊ�ϵ
C�

�?àý�$͈͜ʊ̕2ΊλIʬ�* PWV �ˬî�FE϶PWV 2ˬî/ʬ�E

PTT 2Ŋȸʿ.Ų̒3ϵ30 ˛ο/͜ʊ�F$ R ɷ,̥ɷ2ʡǄʙ�Cɮ?CFE

�ǯ�,2 PTT 2�9*IƠŇ�$Ð,�$϶$%�ϵ3.4 ˮ/Η9Eϭ˴ƩĆ�

ŮŲĆ2ǣɶ/BDϵ͜ʊʢɵ/B'*3�9*2 PTT 2ƠŇÐ,3.C.�϶  

 

 

Ł 3.18� ͜ʊdwkOPL2N�ewP�a  
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3.4 �wD0%;<0Ma�OY�Z�  
ȟƝʩŒIǑŲ�$͜ʊ͉̐/(�* 3.3 ˮ+Η9$϶ȸ͉̐/B'*͜ʊ�$

ǅϔ,Ý̥ɷ/ƀ�*ÍġíʨI̓��,+ PWV �ˬî�FE϶PWV 2͜ʊ˴

Ʃ3ϵǅϔ,Ý̥ɷ2͜ʊ˴Ʃ3@,BDϵPWV ˬî2$?2Íġíʨ/Çũ�

E,�G�Ś��϶ȸˎˠ2Ƿə+3ϵ3.2.3 ˮ2Ư (3.3)Iʬ�*Ίλ�C2ȀŲ

/BD¹ȋ΅ϒIɮ?E$?ϵPTT 2͜ʊ˴Ʃ� PWV 2͜ʊ˴ƩIĨ��!E�

+β͏,.E϶  

PTT 2͜ʊ˴Ʃ3ϵǅϔ,Ý̥ɷ2Íġ2ȧοƗIɮ?EL�\�b�/Çũ

�E϶�$�'*ϵ˴Ʃ2̶�L�\�b�Iʬ�* PTT I͜ʊ�E�,�ȳ<

��϶���ϵǅϔ,Ý̥ɷIʬ�$ PTT ͜ʊ/Ω�$L�\�b�3�Ȣ+


Dϵɒ͝2Áņ�
E϶  

�C/ϵȟƝʪɼʩŒ+2ôʬIǑŲ�$BDŮŲ�$͜ʊ2ųʧ�ǆ͏+


E,̔�CFE϶Ĉʻɝπ2ôʬ+3ϵĈƛAˇͶƛ.-2Ɓμŷ�͜ʊ2ʢɵ

I˂͓�˭ʨ�*͜ʊ�̓HFE϶"2$?ϵΩð.ɷƷ�͞ι+�*�.�'

$DϵpNb�ʪ�$D�$ōĤ/3ϵè͜ʊ.-2ƀí�ğ̢+
E϶���ϵ

ȟƝʪɼʩŒ+Ɓμŷ�͜ʊI̓��,3ʧųʿ+.�ϵôʬ̱̕Ί�͜ʊʢǕ

IòȚ�*Ωð.ƀǇI,E�,@Ŀϓ+
E϶  

ȟƝʪɼʩŒ/��E͜ʊ˴ƩIˑÌ�E$?/3ϵƁμŷ/³H'*͜ʊ2

ʢǕI̱ăòó�E°˿=�ȱʬ+
E,̔�CFE϶���ϵ�2B�.°˿

=+3ǡȳ2͜ʊʢǕ�ƾCFE<+͜ʊȈDΕ�.�F4.C ϵôÊǋ3

ȑĶ�F.�϶ôÊǋ,͜ʊ˴Ʃ2�ȜIˑÌ�E$?/3ϵpNb�ʪ�*@

ĉï.͜ʊ˴ƩIƾCFE͜ʊǣɶ�ǆ͏+
E϶"2$?/3ϵpNb2.�

ʢǕ+2͜ʊ˴ƩIBDϭ?ϵ͜ʊȧ/ʼʪ�$pNb2ƹϜI¾ʇ�Eǣɶ�

ȱʬ+
E,̔�$϶͜ʊȧ/ʼʪ�Eğ̢ǋ�ϭ�ϵ�(ϵ͜ʊ˴Ʃ82ƹϜ

�Ś��pNb,�*3ϵ¿ă/΂ľ�EpNb�̔�CFE϶  

"�+ϵȸˮ+3 PWV 2͜ʊ˴Ʃ/Ś��ƹϜ�E PTT IŮŲ�*ϭ˴Ʃ/͜

ʊ�E$?2Íġíʨǣɶ2ȁɌ�ɒ͝I̓'$϶PTT Iɮ?Eό2ȧοʿ.Ŋ

ʍʙ,.EÝ̥ɷ2ʡǄʙ2ɒîǣɶ/(�*2ɒ͝I 3.4.1 ˮ/Η9E϶ŮŲ�

$͜ʊ2Ţ�,.E͜ʊȧ2ˊȧʿ.¿ă/΂ľ�EpNb2ƹϜIχĕ�Eǣ

ɶ2ȁɌ,ɒ͝/(�* 3.4.2 ˮ/Η9E϶"�*ϵ��<+/ξʼ�$͉̐ϵ�

B6ϵ͜ ʊL�\�b�Iʬ�*ϵ͜ ʊI̓'$ό2͉ˉͬƗ2ɒ͝/(�* 3.4.3

ˮ/Η9E϶  
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3.4.1 eGdZ. 

̥ɷ3ϵ͜ʊή½A͜ʊȜɶ/B'*"2ɷƷ�ʴ.E϶"2$?ϵBD˴Ʃ

B�ŮŲ�*̥ɷ¹ȋȧο (PTT)Iˬî�EȜɶ���(�ȁɌ�F*�E϶Ś�

�ï�*ϵPTT 2ˬî/3 2 ˝ϥ2Ȝɶ�
Dϵ�(3 2 (2̥ɷIβ1ĤH!

*ȧοƗIɮ?EȜɶ+
E϶�2Ȝɶ+3ϵ2 (2̥ɷ2͜ʊ½̐�Δ�ϵĦ�

c�]Iʬ�*�EōĤ.-ƀ͸2̥ɷĦŖ2Ʒʢ�Δ�,�/Ǿʬ�FE϶˅

¦˅ππȗ.-Iʬ�*ϵPTT �ɮ?CFE϶$%�ϵ�2Ȝɶ3Ϻ(2̥ɷ2

Ʒ�Ś��ʴ.EōĤḀɷIʬ�.�ōĤ/3Ωʬ+�.�϶  

@��(2Ȝɶ,�*ϵ͜ʊɷƷ/ƀ�*ϵȧοʿ.Ŋʍ,.EʡǄʙIŲ̒

�ϵʡǄʙĦŖ2ȧοƗI PTT ,�*ɮ?EȜɶ�
E϶�2Ȝɶ2ōĤϵϺ(

2̥ɷ2Ʒʢ�ʴ.EōĤḀɷ´Ř2ÍġIʬ�$ōĤ/@Ωʬğ̢+
E϶

���ϵŲ̒Ȝɶ/B'*ϵɮ?$ PTT 2Ś��A͜ʊ24C(�.-�Ś��

ʴ.E϶�F3ϵŲ̒Ȝɶ/B'*ϵʡǄʙ2Ĝ�EpNb2˝ϥAŚ���ʴ

.E$?+
E϶  

ȸˎˠ+3ϵǅϔ,Ý̥ɷIʬ�*�E$?ϵʡǄʙIʬ�$ PTT 2ˬîȜɶ

IǾʬ�E϶ǅϔ2ʡǄʙ/3ϵ3.2.1 ϝ+Η9$ǋ΀�C R ɷIʬ�E϶R ɷ3ϵ

θ�v�XIǶ(�,�CŸȣ/ɒî+�E$?ϵ̥ɷ2B�/ʡǄʙ2Ų̒Ȝ

ɶ3ĵϣ/.C.�϶�$�'*ϵȸϝ+3̥ɷ2ʡǄʙɒî2Ȝɶ/(�*Η

9E϶  

̥ɷ2ʡǄʙ2Ų̒Ȝɶ3ϵńýc�]+͜ʊ�FE̥ɷϳń̥ɷϵˡɬŸ˟

̥ɷϴ/(�*ϵ��(�2Ų̒Ȝɶ�ȁɌ�Fϵɒ͝�F*�E [38,39,40]϶�

��ϵȯΩ.Ų̒ȜɶAȀŝ�FEŲ̒Ȝɶ3ϵˑˣ�F*�C ϵȞũ2 PWV

͜ʊ͉̐+3"F#Fʴ.EȜɶ�ʬ�CF*�E϶�C/ϵńýc�]+3.

�ϵÝc�]+͜ʊ�$Ý̥ɷ/(�*ϵPTT ͜ʊ2$?2ʡǄʙ2Ų̒Ȝɶ/

(�*ɒ͝3̓HF*�.�϶  

"�+ϵȸˮ+3Ý̥ɷ/��EʡǄʙ2Ų̒Ȝɶ/BE͜ʊÐ2Χ�Iɒ͝

�ϵǅϔ,Ý̥ɷ/BE PTT ͜ʊ/Ω�$Ų̒ȜɶIɱŲ�E϶  

ńýc�]+͜ʊ�$̥ɷ/ƀ�EʡǄʙ,�*ϵȁɌ�F*�E³͆ʿ.@

2Iɟ/˓�϶  
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�}k�ɶ  

�ǯ2̥ɷ2ȯƄÐIʡǄʙ,�EȜɶ+
E϶ǅ̮�C͂ʁ�ǯî�F$,

�/̥ɷ2�ȡϳˣ&��Dϴ�Ť<Eȧø/ƀǇ�E϶Ł 3.19 /}k�ɶ2ʡ

Ǆʙ/BEȧø2ɒî2ɚƯŁI˓�϶ǅɝ̢/BEƹϜIĜ�/���ϵS/N ɪ

�Ǐ�Íġ2ōĤϵǺƞŗĆ2Ƅ��v�Xήï2ʡǄʙ2$?ϵɒî�FEȧ

ø/ͬƗ�ʪ�A��϶  

 

� 1/10 ɶ  

̥ɷ2ȯƄÐ�CȯŚÐ2Ǻƞ2 1/10 2Ð,�̳�EʙIʡǄʙ,�EȜɶ+


E϶Ł 3.20 /ɚƯŁI˓�϶̥ɷ��ȡ�Ť?$²Δ2ʡǄʙ+
DϵǺƞ2

ȧοŗĆ�}k�ɶBD@Ś��pNb2ƹϜIĜ�/��϶���ϵǅɝ̢A

͂ń2ƹϜIĜ�A��ȯŚÐAˣ&��Dȧο/B'*ϵʡǄʙ2˴Ʃ�ƹϜ

IĜ�A��϶<$ϵ}k�ɶBD@ɒîȧø�ΣFE϶  

 

 

 
Ł 3.19� }k�ɶ2ʡǄʙŲ̒  

 

 

 

Ł 3.20� 1/10 ɶ2ʡǄʙŲ̒  
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��ɟǂïɶ  

̥ɷI�ɟǂï�$ɷƷ2ȯŚÐIʡǄʙ,�EȜɶ+
E϶Ł 3.21 /ɒî2

ɚƯŁI˓�϶ȯƄÐBD@θ�v�X2ȯŚÐIʬ�E$?ϵ��f�.pN

b2ƹϜ3Ƅ��.E,̔�CFE�ϵ1/10 ɶBD@ʪ¿ŗă2ƹϜIĜ�EŮ

�,̔�CFE϶ɒîȧø3ϵ1/10 BD@Σ�.E϶  

 

�¥ɟǂïɶ  

̥ɷI¥ɟǂï�$ɷƷ2ȯŚÐIʡǄʙ,�EȜɶ+
E϶Ł 3.22 /ɒî2

ɚƯŁI˓�϶ɒîȧø3ϵ}k�ɶBDΣ�ϵ�ɟǂïɶBD@Ƞ�.E϶  

 

 

 

Ł 3.21� �ɟǂïɶ2ʡǄʙŲ̒  

 

 

 

 

Ł 3.22� ¥ɟǂïɶ2ʡǄʙŲ̒  
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�ǿ̉ɶ  

̥ɷ2ȯƄÐIȧο΍Ȝɶ/ƭλ�$˄̉,ˣ&��DɷƷ2ŗȫʙ2ǿ̉2

«ʙIʡǄʙ�EȜɶ+
E϶Ł 3.23 /ɒî2ɚƯŁI˓�϶}k�ɶ,�ɟǂ

ïɶ2�οʿ.Ȝɶ+
E϶  

 

��ǿ̉ɶ  

̥ɷ2ȯƄÐ/Ĩ�� 2 (2˄̉2«ʙIʡǄʙ,�EȜɶ+
E϶˄̉2Ϲ

(3ǿ̉ɶ,Ħ�ŗȫʙ2ǿ̉+
E϶@�Ϲ(3ȯƄÐ�C 150 ms ú2ʙ2ǿ

̉+
E϶Ł 3.24 /ɒî2ɚƯŁI˓�϶ǺƞȜĨ2ŗĆ2Ś��ήï2ɷƷI

ʬ�*ϵɒîI̓'*�E϶  

 

 

 
Ł 3.23� ǿ̉ɶ2ʡǄʙŲ̒  

 

 

 

 

Ł 3.24� �ǿ̉ɶ2ʡǄʙŲ̒  
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�McDonald (Phase velocity)ɶ  

r�lsawM�e (BPF)/B'*ϵ̥ɷ2ʡǄʙ,.EɷƷIƴͯ�*�Cϵ

v�XɒîI̓�Ȝɶ+
E϶Ł 3.25/ɒî2ɚƯŁI˓�϶BPF2Ɯŉ3ϵ5-50Hz

�ʬ�CF*�E϶baPWV 2͜ʊ/ʬ�CF*�E϶  

 

�ǺƞΩǇňǿ̅ɶ  

̥ɷ2ȯƄÐ�C�Ųȧοú2ʙ A �Cϵ̥ɷ2Ǻƞ/Çũ�E͘Ʃ2˄̉I

Ʊ�ϵ"2˄̉�Cȯ@Ψ�ʙ2̥ɷIʡǄʙ,�EȜɶ+
E϶Ł 3.26 /ɒî

2ɚƯŁI˓�϶CAVI 2͜ʊ/ʬ�CF*�EȜɶ+
E϶  

 

 

 

Ł 3.25� McDonald ɶ2ʡǄʙŲ̒  

 

 

 

 

Ł 3.26� ǺƞΩǇňǿ̅ɶ/BEʡǄʙ  
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-2Ȝɶ@ϵ̥ɷ2ˣ&��D/��E
E�ʙIŲ̒�EȜɶ,.'*�E϶

�F3ϵḁ̆Ŕ2ʡǋ´Ř2¤͸� PTT 8ƹϜ�E2Iǧ�E$?+
E϶̥ɷ

2ȯŚÐ.-2}k�ɶ2ʡǄʙ�CΣF$ʙ:-ϵǅǯȗAǅɝ̢.-2ƹϜ

�Ś��$?ϵʡǄʙ,�*Ω�.�϶  

ˡɬŸ˟̥ɷ/ƀ�EŌī+3ϵ�͞ 8 ˝ϥ2Ų̒Ȝɶ2�+ϵ}k�ɶϵ�

ɟǂïɶϵ¥ɟǂïɶ´Ř2Ȝɶ�ɪΏʿ4C(�2Ƅ���Ȭ.Eɒ͢�ǆ͏

+
E,�F*�E [41,42]϶  

ȸˎˠ+3ϵˡɬŸ˟̥ɷ2Ų̒,Ħɘ/ϵÝ̥ɷ2ʡǄʙIŲ̒�ϵ"F#

F2͜ʊÐIɪΏ�E�,,�$϶$%�ϵǺƞΩǇňǿ̅ɶ/π�*3ϵųό

2ʡǄʙɒî/ǆ͏.Ų̒�2s���e��Ȣ+
E$?ɪΏ�*�.�϶  

}k�ɶϵ1/10 ɶϵ�ɟǂïɶϵ¥ɟǂïɶϵǿ̉ɶϵ�ǿ̉ɶϵMcDonald (Phase 

velocity)ɶ2Ͼ˝ϥIʬ�*ųϫI̓.'$϶ǅϔ,Ý̥ɷI¶̯½+ 5 Ľϳ1 Ľ

30˛ϴ͜ ʊ�ϵ͜ ʊɷƷ/ƀ�* 7˝ϥ2ʡǄʙɒîȜɶIΩʬ�ϵģȜɶ2 stPWV

2əʍÑƗIɪΏ�$϶ʡǄʙɒîȜɶ3ϵ͜ʊ3ϵǝ­ʰǋ 2 ħ+̓'$϶  

Ł 3.27 /"F#F2Ȝɶ+͜ʊ�F$ PTT 2ƠŇÐ2}k�ɶ�CΣF˓�϶

Ł 3.28 /"F#F2Ȝɶ+͜ʊ�F$ PTT 24C(�I˓�϶Ł 3.28 2̋΍3Ͻ

Ľ2͜ʊÐϳ30 ˛ο/͜ʊ�F$ PTT 2ƠŇÐ2 5 Ľïϴ2əʍÑƗI�9*2

͈ϫ̕+ƠŇ�$Ð+
E϶  

ųϫ2́Ʌϵ}k�ɶ�ɪΏʿƄ��əʍÑƗI˓�$϶ǅϔ2 R ɷ,2ƀǇ

A±2Ȝɶ/ɪ9*͜ˬδ�ƅ.��,I̔Ǚ�ϵȸˎˠ+3̥ɷ2ʡǄʙ2ɒ

î/}k�ɶIǾʬ�E϶  
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Ł 3.27� ʡǄʙŲ̒�,2͜ʊ́Ʌ2}k�ɶ�C2ΣF  

 

 
Ł 3.28� ʡǄʙŲ̒�,2͜ʊ́Ʌ24C(�  
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3.4.2 */����1 

ŮϗʢǕ+2͜ʊ/��*@řƅ2¿ă�ʼʪ�ϵ¿ă/΂ľ�EpNbϳ¿

ăpNbϴ�ʪ�Eğ̢ǋ�
E϶¿ă/B'*Ł 3.29 2B�.pNb�ʪ�E

,ϵʡǄʙ2ɒî�+�.�'$DϵʡǄʙ�ͬ'*ɒî�F$D�E$?/ϵ

PTT 2͜ʊ˴Ʃ2¾�Aè͜ʊ�ʪ�E϶  

ǅϔAÝ̥ɷ/ʪ�$¿ăpNbIχĕ�E/3ϵă�Iɒî�E$?2þΞ

Ʃc�].-2c�]2Θþϵ@��3pNb2��C̥ɷIǀÚ�E.-2í

ʨI̓�͍ϑ.L�\�b��ǆ͏,.E϶�2B�.Ȝɶ3ϵ͉̐2ƄňĆA

˲ÊĆ/�Ĩ�+
E϶"�+ϵȸˎˠ+3BD͜ˬ[ak2ƅ.�Ȝɶ+¿ă

pNb2ƹϜIǧ�E$?/ϵǅϔ,Ý̥ɷ/ƀ�Eíʨ+3.�ϵ͜ʊ�F$

PTT /ƀ�*íʨI̓�ǣɶIȁɌ�E϶  

1 Ľ2͜ʊȧο3 30 ˛+
E$?ϵŮϗȧ2ǅǯȗI�B" 60~90 bpm ,�E

,ϵ1 Ľ2͜ʊ+�B" 30~45 ǯï2 PTT �ˬî�FE϶�FC2 PTT 2��Cϵ

�ɢ.Ð2@2IχŘ�E/3ϵʪ¿+͜ʊ�Fƾ.� PTT 2ŊʍIŲ?F4B

�϶���ϵPTT 3ϵḁ̆ːĆ2ʢǕϵΊλϵơϱϵ͜ʊ̀Ά/B'*Ś��ʴ

.E$?ϵɢƝ,òȚ�E PTT ˯ŀIƥ��Eǆ͏�
E϶�2Ȝɶ+3ϵ�9

*2­2ḁ̆Ŕ�,Dƾ.�B�.ɔ˥.ÐIχŘ�E�,��+�.�϶-J

.­@,Dƾ.�ÐIχŘ�E%�+.�ϵ͜ʊ�,/Ωð.ɢƝÐ2˯ŀIɱ

Ų�E�,�+�F4ϵBD˴Ʃ2ϭ�͜ʊ�ğ̢/.E,̔�CFE϶"�+ϵ

̃͜ǐŌIʬ�$ŘFÐ2χŘíʨǣɶIȁɌ�E϶ȸǣɶ+3ϵ1 Ľ2͜ʊ+ƾ

CF$ PTT /ƀ�*ϵƠŇÐ,əʍÑƗI͜ˬ�ϵƠŇÐ�3 əʍÑƗ2˯ŀæ

2=Iʬ�*ϵèƩƠŇÐI͜ˬ�ȯ˾́Ʌ2 PTT ,�E϶$%�ϵˬ î�$ PTT

2�&ɢƝ,òȚ�F$@22ȗ� 15 ȶʋ2ōĤ/3ϵ͜ʊ̱¿�ɢƝ/̓HF

.�'$,�*͜ʊŜȔ,�E϶  
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Ł 3.29� ¿ă/΂ľ�EpNb2ʪ�$͜ʊÍġÅ  

ȸǣɶ/BD¿ăpNb2χĕ�ğ̢.�,Iˑ�?E$?2ųϫI̓'$϶

ųϫ+3ϵ¿ăpNb�ʚ�,�,ȱE,�2 PTT I͜ʊ�*ɪΏ�$϶pNb

2ʚ�͜ʊ�̓�*�E�3ϵɷƷ2͗ż/BDˑͩ�$϶.�ϵpNb�ʪ�

$͜ʊ́Ʌ3ˏɑ�ϵ10 Ľï2͜ʊ́ɅIƾCFE<+͜ʊ�$϶pNb2ȱE

͜ʊ+3ϵǷŲ�$οϋ+͈͜ʊ̕�¿Iă��ǅϔ@��3Ý̥ɷ/pNbI

ʪ��!$϶  

pNb2ēľ,.E¿ă3ϵǅϔϔɔ½̐�Ś��ă�ϵϔɔ�ˁ̬�CϒF

Eϵ̥ɷy��xIěD²�$Ƿ�ă�.-+
E϶�FC2¿ă3ʚǒʹ/̓

'*�<�ǌF�
E@22ϵϭϡƩ/ʼʪ�E@2+3.�϶�(2˃Ů,�

*ϵŮϗʢǕ+2 30 ˛ο2͜ʊ+ɩĽ¿ă�ʼʪ�E�,3.�϶<$ϵ̄̅ȧ

ο@λȧο/H$'*ă�̅�E�,3̔�/��϶¿ă2ʼʪ/(�*ϵŲδ

ʿ/˓��,�Ŀϓ+
E$?ϵȸųϫ+3ϵŮϗʢǕ/��*̔�/��ϭ�

ϡƩϵλ�̄̅ȧο�B6Ś��2¿ăIʼʪ�!E�,,�$϶ϡƩ3͜ʊ�

,/ 3 Ľϳ͜ʊξŤƼ 5ϵ15ϵ25 ˛/ξŤϴ,�ϵ̄̅ȧο3ϹĽ
$DϹ˛ο

,�$϶"�*ϵ¿ă,�*ϵǅϔϔɔ3ɷƷ�͜ʊ+�.�B�/ϔɔIˁ̬

�Cϒ�ăÂϵ̥ɷy��xI(�$ǷI 2 Hz ˜Ʃ+ǺEăÂIǷŲ�$϶3 (

2͜ʊȾ·ϳ¿ă.�ϵǅϔ/¿ăpNbϵ̥ɷ/¿ăpNbϴ+ PTT I"F#
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F 3 Ľ͜ʊ�$϶ǝ­ʰǋ 3 ħ+͜ʊ�$϶ǅ̮ǣǷο,ǅ̮΄Ƿο2 PTT 2͜

ʊI̓'$϶  

ųϫ́ɅI͆ 3.1 /˓�϶̥ ɷ2͜ʊή½�B6pNbȾ·ó2ͬƗʦ2ƠŇ3ϵ

1.30~3.57%+ϵ΄2Ƿ/¿ăIʪ��!$,��ȯŚ+
'$϶.�ϵϘƝ/ř�

2pNb�ʼʪ�$$?ϵȸǣɶIʬ�.�ōĤ/3ϵPTT 2͜ʊ3+�.�'

$϶ȞũǷə2 baPWV 2͜ʊͬƗ3 8.4 %[43],2Ōī�
E϶Ůϗȧ2͜ʊ+̔

�/��ϡƩAŚ��2¿ăIþ�$ōĤ/��*ϵȸǣɶ/B'*ȞũǷə2

͜ʊͬƗBD@Ƅ�.ͬƗ+2͜ʊ�̓�ϵĉï.͜ʊ˴Ʃ+
E϶�$�'*ϵ

ȸǣɶ3¿ă/΂ľ�EpNb2ƹϜIχĕ�*ĉï.˴Ʃ+͜ʊ�̓�E϶  

͆ 3.1� ¿ăpNbIʪ��!$,�2̥ɷ¹ȋȧο2計測結果  

(a) ǅ̮ǣǷο2͜ʊ́Ʌ  

͈͜ʊ̕  

PTT 

pNbʚ  

[ms] 

ǅϔ/pNb�ʪ�$ȧ  ̥ɷ/pNb�ʪ�$ȧ  

PTT 

 [ms] 

ͬƗ  

[ms] 

|ͬƗʦ

| 

[%] 

PTT 

 [ms] 

ͬƗ  

 [ms] 

|ͬƗʦ | 

 [%] 

A 172.4 174.2 1.83 1.06 170.3 -2.03 1.18 

B 159.5 157.0 -2.56 1.60 152.4 -7.14 4.48 

C 198.7 188.1 -10.5 5.29 188.9 -9.79 4.93 

ƠŇ  - - - 2.65 - - 3.53 

 

(b) ǅ̮΄Ƿο2͜ʊ́Ʌ  

͈͜ʊ̕  

PTT 

pNbʚ  

[ms] 

ǅϔ/pNb�ʪ�$ȧ  ̥ɷ/pNb�ʪ�$ȧ  

PTT 

 [ms] 

ͬƗ  

[ms] 

|ͬƗʦ

| 

[%] 

PTT 

 [ms] 

ͬƗ  

 [ms] 

|ͬƗʦ | 

 [%] 

A 290.3 296.8 6.50 2.24 295.2 4.86 1.67 

B 263.4 265.9 2.51 0.95 242.4 -20.97 7.96 

C 311.3 309.1 -2.20 0.71 308.0 -3.38 1.09 

ƠŇ  - - - 1.30 - - 3.57 

 

  



˦ 3ˤ ḁ̆ːĆaX��n�YǷə͜ʊǣɶ2ξʼ 

 -45- 

3.4.3 �n�A�Z� 

ξʼ�$͜ʊ͉̐,͜ʊǣɶIʬ�*ϵųό2͜ʊʢɵ/��E͜ʊ˴ƩIɒ

͢�E϶ųό2͜ʊ+3ϵ�F<+2ųϫ+̔Ǚ�*�.�y��x͉ˉͬƗ2

ʼʪ�̔�CFE϶ǅϔ3ϵ͜ʊ½̐/B'*řƅɷƷ2Ǻƞ2ŗĆ�ʪ�E϶

̥ɷ3Ý͜ʊ2$?ˁ̬,c�]2ǿ͚ʢɵ/BEĜÝƴƩϵʩŒÝ2àƂƴƩϵ

Ý2¹ȋ̀Ά2ŗĆ/B'*ϵ͜ ʊɷƷA S/Nɪ82ƹϜ�ʪ�E,̔�CFE϶  

"�+ϵy��x2͉ˉͬƗ� stPWV 2Ð/��EƹϜIˑ�?EųϫI̓'

$϶ųϫƀ͸̕3ϵÓƝ̕ 8 ħϳʰǋϵ23�25 ɥϴ+
E϶͜ʊ3ϵ͂ńϵstPWV

ϳǅϔϵÝ̥ɷϴI̓'$϶ǅϔy��x,Ý̥ɷy��xIěD²�˄�.�

Cϵ1 ­/(� 10 Ľ2͜ʊI̓'$϶ 10 Ľ2͜ʊÐ�CŗăËȗϳCoefficient of 

variation: CVϴIɮ?ϵƽȿ2Ƿə,ͬƗ2˜ƩIɪΏ�$϶CV 3ϵƠŇÐ/ƀ

�EəʍÑƗ2üĤ+
Dϵ˅ƀəʍÑƗ (Relative Standard Deviation: RSD),@Į

4FE϶ʾïʦ+˓�FE�,@
DϵŚ��2ʴ.E͜ʊÐ24C(�IɪΏ

�Eό/ʬ�CFE϶CV 2Ų̒3Ư (3.4)+
E϶��+ϵ x 3ƠŇÐϵσ 2
3ïȖ

+
E϶  

CV =
σ 2

x
       (3 .4 )  

ųϫ́ɅI͆ 3.2ϵŁ 3.30 /˓�϶10 Ľ2͜ʊ2͈͜ʊ̕�,2́Ʌ+
E϶

$%�ϵ͈͜ʊ̕ D 3ϵ�Ľ2͜ʊ�ŜȔ�$$?ϵ9 Ľ2͜ʊ́Ʌ,.'*�

E϶CV 2ƠŇ3ϵ2.3�1.1 %,.'$϶ƽȿǷə+
E baPWV 2 CV 3ϵ8 %˜

Ʃ+
E϶ stPWV 2 CV 3ĉïƄ��ϵƽȿ,Ħ˜Ʃ´�2ɭʍ+
E�,�˓

�F$϶  

stPWV +3ϵǅϔ,Ý̥ɷIʬ�$�,/BDϵˡɬŸ˟̥ɷ2͜ʊ/ǆ͏+


'$Tw��͏/.'$϶�F/BDϵˡɬI¯� ϵɔʤ�˯ŀ2ḁ̆Ÿ˟

2œʇAϔɬʿɼăI͜ʊ+�E϶ˡɬŸ˟̥ɷɶ+3ϵTw2ƞ,ƀǇ�Eă

̥2ćο/H$E̥ɷ�ƠŇ�F͜ʊ�F*�E϶�$�'*ϵēʨʿ/ΣƭA

pNb2ʄà2ʇƅ�͑Γ?E$?ϵƄň2ɝĻ/@��HC ƽȿǷə2͜ʊ

͉̐,ɭʍ2͜ʊÐ�ƾCF$,̔�CFE϶  
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͆ 3.2� ͉ˉͬƗ2ųϫ́Ʌ  

͈͜ʊ̕  A B C D E F G H 

͜ʊÐ  [cm/s] 

619.1 672.2 723.8 713.5 745.9 751.2 772.3 850.5 

692.7 699.3 695.3 703.1 768.2 802.1 774.1 863.7 

644.9 696.2 702.0 775.3 773.3 774.8 781.5 856.6 

612.7 704.1 693.5 780.9 746.1 741.7 764.5 863.6 

634.3 713.5 693.6 733.7 744.9 756.7 767.9 857.1 

655.4 698.8 694.0 711.4 756.1 769.0 772.7 854.6 

698.8 682.9 699.2 723.5 760.0 769.1 778.4 828.2 

660.4 692.1 691.3 731.8 758.6 761.0 801.4 868.5 

693.2 666.9 709.5 714.8 751.4 763.7 742.9 848.7 

657.1 681.9 689.2 - 782.4 748.9 811.8 849.1 

ƠŇ  [cm/s] 656.8 690.8 699.1 732.0 758.7 763.8 776.7 854.1 

əʍÑƗ  [cm/s] 29.0 13.9 9.9 26.3 12.0 16.0 18.1 10.7 

 

 

 

Ł 3.30� ͉ˉͬƗ2ɒ́͢Ʌ  
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3.5 /�p0����I�Z�  
úˮ<+/ϵḁ̆ːĆaX��n�YǷəI͜ʊ�E$?2͉̐2ξʼ, PWV

͜ʊ2ϭ˴ƩĆ�ŮŲĆ2͜ʊL�\�b�2ξʼ/(�*Η9$϶ȸˮ+3ϵ

ξʼ�$͉̐�B6L�\�b�Iʬ�*͜ʊ�$ PWV�ḁ̆ːĆ2aX��n

�YǷə,.E�,Iɒ͢�E϶  

ḁ̆Ŕ2ː�2œþ/BD PWV ��ȡ�EπËI 2.2 ˮ/˓�$϶2.2 ˮ2�

j�3ϵĎ˺.˭ΆIµŲ�*�Dųό2ḁ̆˶I˭Ά,̔�$ȧ2ɗΟ,3ʴ

.Eʙ [44]A͂ń�ǅǯȗ.-2ƹϜ�̔Ǚ�F*�.�϶�$�'*ϵȸˎˠ+

ȁɌ�$͜ʊǣɶIʬ�E�,+ḁ̆ːĆaX��n�YǷə�͜ʊ+�E�-

��3ϵȸǣɶ+͜ʊ�$ PWV ,ḁ̆Ŕ2ː�2πΠǋ/B'*˓�.�F4.

C.�϶  

���ϵ͜ʊƀ͸2ḁ̆Ŕ2ː�I˄ǿɢˑ/͜ʊ�E�,3+�.�϶"2

$?ϵbaPWV A CAVI .-2ȞũǷə+3ϵ͜ʊή½2Δ�ų̍2
E±2 PWV

,͜ʊÐ2˅ππËIͯ9E�,+ϵ"2Ƿə�ḁ̆Ŕ2ː�I˓�Ƿə,�*

šƶ+
E�Iɒ͢�*�E϶  

"�+ϵȸˎˠ2͜ʊǣɶ/BEǷə/(�*@ϵŚḁ̆ PWV , baPWV[45]ϵ

baPWV , CAVI 2ɪΏ [46]IĖ̔/�ϵȞ/̰ƦǇʬ�F*�Eḁ̆Ŕ2ː�2

Ƿə,ȸˎˠ2ǷəIĦ�2͈ϫ̑̕+͜ʊ�˅πIͯ9E϶ɪΏƀ͸3ϵǞ�

Ń/��*ϵḁ̆ːĆaX��n�YǷə,�*Ȩė�*�E CAVI Iʬ�E϶�

2$?ϵȸˎˠ2Ƿə/3ϵCAVI ,Ħɘ2͜ʊ̀ΆIǶ( stPWV Iʬ�E϶  

3.5.1 =�Sa 

CAVI 2͜ʊ/3ϵ͂ ń̥ɷɒɈ͉ ϳ̐VaSeraϵwXfϔŧɊƯ¸˕ϴIʬ�$϶

͈͜ʊ̕3ϵʰŞ 28 ħϳ22~81 ɥϴ,�$϶͈͜ʊ̕/3ϵųϫú/ųϫ2˃ʿ

,ȜɶIͭȢ�ϵ͜ʊ2ĦǒIƾ$϶ȸųϫ+3ϵ͈͜ʊ̕2Ⱦ·I͜ʊȧ2ȯ

ϭ͂ń� 135 mmHg ´�+
E�,,�$϶͂ń2͜ʊ3 VaSera +̓'$϶  

͜ʊ3 5 ï´�2Ůϗ22&¶̯½+̓'$϶CAVI 2͜ʊȧ/3Tw/BEń

Ζ�̓HF͂ɾ�ʇƅ@��3ʐE$?ϵstPWV ,ůá/Ħȧ2͜ʊ3̓�.�϶

"2$?ϵ stPWV 3 CAVI ͜ʊ2˄Ƽ/͜ʊ�$϶  

͜ʊ́Ʌ2˅ππË3ϵÜ̓ˎˠ,Ħɘ/ CAVI , stPWV 2͜ʊÐI˄ǿɪΏ

�EȜɶ,ϵƯ (3.1)/˓�$ CAVI , PWV 2ʨͱʿ.πË�C CAVI 2͜ʊÐ,

stPWV 2͜ʊÐ2Ϻ IɪΏ�EȜɶ+ͯ9$϶  
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3.5.2 =�xX 

Ł 3.31ϵŁ 3.32/ųϫ́ɅI˓�϶CAVI, stPWV2˅ππË3ϵ˅ πËȗ r=0.707 

(p<0.01),.Dϵȱǒ.˅ππËI˓�$϶CAVI , stPWV22˅ππË3ϵ˅πË

ȗ r=0.707 (p<0.01),.Dϵȱǒ.˅ππËI˓�$϶-&C2˅πËȗ@ 0.7 ´

�+
DϵCAVI , stPWV 2ο/ϭ�˅π�˓�F$ [47]϶  

Ȟũ2Ĉʻɝπ+͜ʊ�F*�Eḁ̆ːĆ2aX��n�YǷə+
E baPWV

, CAVI 2ο2˅πËȗ3ϵ r=0.64 �C r=0.88 ,2Ōī�
E [46,48]϶�$�'

*ϵ stPWV , CAVI 2˅ππË3ϵϭ�˅π+
DϵȞũǷəĦŖ2˅ππË,

Ħ˜Ʃ+
E�,�Cϵ stPWV �ḁ̆ːĆaX��n�YǷə,.DƾE�,�

˓�F$϶  

 

 

 

Ł 3.31� CAVI ƀ stPWV 2πË  
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Ł 3.32� CAVI ƀ stPWV22πË  
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3.6 ,B}��8I/�p0jJ}��c+�`�  
3.5 ˮ/*ϵ stPWV �ḁ̆ːĆaX��n�YǷə,.DƾE�,�˓�F$϶

ȸˮ+3ϵḁ̆ːĆʹ82Ωʬ2͗ʙ�CϵȞũǷə,Ħɘ2ȱʬǋ�
E�,

IèƩˑͩ�E϶  

ȞũǷə+3ϵḁ̆ːĆʹ2ǎ̑̕,ÓƝ̑̕2ƠŇÐ/ȱǒƗ�ʪ�E�,

�Ōī�F*�D [49]ϵḁ̆ːĆaX��n�YǷə,�*2ȱʬǋI̾˟�*�

E϶"�+ϵȸˎˠ+@Ħɘ2͜ʊųϫI̓��,+ϵ stPWV 2̰Ʀʿ.ȱʬǋ

Iɒ͢�E϶  

3.6.1 =�Sa 

νŐǋḁ̆ːĆʹ (ASO: Arteriosclerosis Obliterans)ǎ̕ ϳ̑ʰǋ 7 ħϵŞǋ 1 ħϵ

60Ё81 ɥϴ,ḁ̆ːĆʹ,͡Ț�F*�.�ÓƝ̑̕ϳʰǋ 10 ħϵŞǋ 1 ħϵ23

Ё36 ɥϴ/ƀ�*̓'$϶͈͜ʊ̕/3ϵųϫú/ųϫ2˃ʿ,ȜɶIͭȢ�ϵ

͜ʊ2ĦǒIƾ$϶͜ʊ3 5 ï´�2Ůϗ22&¶̯½+̓'$϶͜ʊƀ͸IÓ

Ɲ̑̕,νŐǋḁ̆ːĆʹ̑/ï�ϵģ̑2ƠŇÐ/ƀ�*ȱǒƗIͯ9$϶  

3.6.2 =�xX 

͜ʊ�$ stPWV 2νŐǋḁ̆ːĆʹ̑,ÓƝ̑̕2ƠŇÐ,əʍÑƗIŁ 3.33

/˓�϶νŐǋḁ̆ːĆʹ̑2 stPWV 2ƠŇÐ3 102 cm/s ,.DϵÓƝ̑̕BD

@Ś��.'$϶�̑2ƠŇÐ/(�*ϵ�˧ïȖ2 2 ̑/ƀ�E t ɒŲ/BDϵ

p<0.05 2ȱǒƗIˑͩ�$϶  
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Ł 3.33� ÓƝ̕,νŐǋḁ̆ːĆʹ̑2͜ʊÐ2ɪΏ́Ʌ  

  

健常者群

�����
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����

����
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����
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��
�

p<0.05

閉塞性動脈硬化症群
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3.7 |>�
��  
ȸˤ+3ϵȟƝʪɼʩŒ+2ôʬIǑŲ�$ḁ̆ːĆaX��n�YǷə2͜

ʊǣɶ,�*ϵḁ̆Ŕ2ː�Ięȥ�E PWV Iǅϔ,Ý̥ɷIʬ�*͜ʊ�Eǣ

ɶIξʼ/(�*Η9$϶3.1 ˮ, 3.2 ˮ+3ϵȞũ2 PWV Iʬ�$Ƿə2ʡǄ

IΗ9ϵǅϔ,Ý̥ɷIʬ�$ț$. PWV 2Ƿə/(�*ȁɌϵͭȢ�ϵstPWV

, sfPWV IŲ̒�$϶3.3 ˮϵ3.4 ˮ+3ϵ stPWV , sfPWV I͜ʊ�E$?2͉

̐ϵ�B6ϵÍġíʨL�\�b�Iξʼ�ϵĉï.˴Ʃ+͜ʊ�ğ̢+
E�

,Iˑͩ�$϶3.5 ˮϵ3.6 ˮ+3ϵξʼ�$͉̐�L�\�b�Iʬ�*͜ʊ�

$ stPWV �ϵȞũ2 PWV Iʬ�$Ƿə+
E CAVI ,ϭ�˅πIǶ(�,Iɒ͢

�ϵ stPWV �ḁ̆ːĆaX��n�YǷə,.DƾE�,I˓�$϶<$ϵḁ̆

ːĆʹ̑,ÓƝ̑̕2 stPWV I͜ʊ�$́Ʌϵ�̑2ƠŇÐ�ȱǒ/ʴ.DϵȞ

ũǷə,Ħɘ/ÓƝ̑̕2ƠŇÐ�¾�νŐǋḁ̆ːĆʹ̑�ϭ�.'$϶  

3.2 ˮ+3ǅϔ,Ý̥ɷIʬ�$ PWV 2͜ʊǷə,�*ϵǅ̮΄Ƿο2Ƿə,

.E stPWV ,ǅ̮ǣǷο2Ƿə,.E sfPWV IŲ̒�$϶ḁ̆ːĆ3ϵ�Tǡ+

ʼ͑�FE,±2ή½+ʼ͑�FE�,�ř� [50]ϵáΊ2ḁ̆/ƀ�*Ρ̓�E϶

"2$?ϵ stPWV ��ȡ�$ōĤ/3ϵ sfPWV @�ȡ�E,̔�CFϵ sfPWV @

stPWV ,Ħɘ/ḁ̆ːĆaX��n�YǷə,.DƾEğ̢ǋ�̔�CFE϶�

��ϵ sfPWV ,ϥ¼�Eḁ̆ćο2ː�I͜ʊ�*�EȞũǷə�Ȩė�*�C

 ɪΏ�E�,�+�.�$?ϵȸˎˠ+3ϵ stPWV 2ɒ͢2=I̓.'$϶ô

Êǋ2͗ʙ�C3ϵ stPWV BD@ sfPWV �ÙF*�E,̔�CFE$?ϵ sfPWV

2ȱʬǋ2ɒ͢�ȳ<FE϶"2$?2ɪΏƀ͸/3ϵĦ�2͜ʊǣɶ+
E

stPWV �Ω�*�E,̔�CFE϶  

ǁʩĻ˶2ɼă3Ɲ/ŗă�*�DϵǅǯŗăAĬȴʿ.͂ń2ŗă+
E�

N��ɷ�ˋCF*�E϶PWV 3ϵǅǯȗA͂ń2ƹϜIĜ�E϶3.3 ˮ+Η9$

B�/ϵξʼ�$͜ʊǣɶ+3ǆ 30 ˛ο2͜ʊI̓�ϵ͍ȗ͜ʊ�F$ PTT 2

ƠŇÐI PWV2ˬî/ʬ�E϶PWV3�(2 PTT�Cˬî�E�,@+�E�ϵ

ǅǯŗăA�N��ɷ2ƹϜIǧ�BD˴ƩB�͜ʊ�E$?/ȸˎˠ+3ϵ30

˛2͜ʊȧοI͟Ų�$϶  

3.4.1 ϝ+3ϵBD˴Ʃ2B�̥ɷ2ʡǄʙɒîȜɶIɒ͝�ϵȸǣɶ/3}k

�ɶ�Ω�*�E�,Iɒ͢�$϶�F/ƀ�*ϵƽȿǣɶ2ˡɬŸ˟̥ɷɶA

kp�k�ɶ+͜ʊ�$̥ɷ/ƀ�Eɒ͝+3ϵ}k�ɶ3˴Ʃ2̶�.�Ȝɶ

+
E [42]϶�2B�.Χ��ʪ�$ʨʮ,�*ϵÝ̥ɷ2͜ʊēʨ/BE,�Gϵ

�ǯ�,2 PTT(PWV)͜ʊ+3.�͍ȗ (15´� )2 PTT(PWV)2ƠŇÐIʬ�EL

�\�b�/BE,�G�̔�CFE϶Ý̥ɷ/BE͜ʊ+3ϵńýc�]+2
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̥ɷ͜ʊ+ǜǈ�FEǺăAϛ/΂ľ�EpNb2ʄà�ƅ.��,�̔�CF

E϶�C/ϵ͍ȗ2 PTT(PWV)2ƠŇÐIʬ�E$?ϵ��f�.pNb´Ř2ƹ

Ϝ2ƅ.�}k�ɶ/BE͜ʊÐ24C(��ȯ@Ƅ��.'$,̔�CFE϶  

3.4 ˮ2ųϫ3�/ěD²�ͬƗ/(�*2ɒ͢+
E�ϵĦȧ/ˌȧο+2Ί

¿2ʢǕŗĆ2ƹϜ/(�*2ƹϜ2ɒ͢+@
E϶10 Ľ2͜ʊI̓.'*�E

�ϵ�F3Π̅�*̓.HF$@2+
Dϵ͈͜ʊ̕ɩ/͜ʊȧο�ʴ.E�ɕ

1 10 ï˜Ʃ2ȧοƞIǶ(϶(<Dϵ10 ï˜Ʃ2ο/̐�EΊ¿ʢǕ2ŗĆ,�

*ϵ¿ăϵǅǯȗϵ͂ń�̔�CFE�ϵŮϗʢǕ+
F4ěD²�ͬƗ/þ�

*�FC2ƹϜ@ƅ.�϶�Ȝ+ϵ stPWV 2 CV 3ƠŇ 2.34 %+
Dĉï/Ƅ�

��ϵȸˎˠ+3Π̅�$͜ʊ+2ˌȴʿ.ͣÈ/,-<'*�E϶Ί¿ʢǕ3

ȧοƜ.-/B'*@ŗĆ�E$?ϵ®Ƽ3ȗȧο�Cȗȟ˜Ʃ+2ͣÈI̓�ϵ

˴ƩIɒ͢�*̓�ǆ͏�
E,̔�CFE϶  

3.5 ˮ2ḁ̆Ŕ2ː�, stPWV 2πËIͯ9$ųϫ+3ϵ͜ ʊƀ͸̕IɢƝ͂ń

Ð2̕,�$϶�F3ϵ�̵/ PWV �͂ń/ƀ�*ÇũǋIǶ( [51]$?/̓'

$϶ųϫ́Ʌ�CϵɢƝ͂ńÐ2ōĤ/3͂ń+2͋ɢ.�+@ CAVI ,ϭ�˅π

πË/
E$?ϵɢƝ͂ńÐ2ōĤ/3 stPWV I"2<<ḁ̆ːĆ2£ς�ɴʻ

2$?2Ė̔ǐŌ,�*ɼʬ+�E,̔�CFE϶<$ϵḁ̆Ŕ3͂ń2ŗĆ/

B'*ː��ŗHEǋ΀�
E�ϵ͂ń/BE͋ɢI̓�ōĤ/3ϵ͋ɢƼ2Ƿ

ə�͂ń͜2͜ʊ˴ƩA͜ʊͬƗ2ƹϜIĜ�E$?ϵĔź.͂ń͜ʊ�ǆ͏+

ôÊǋ�ȅ.HFEğ̢ǋ�ϭ�϶͂ń/BE͋ɢI̓H.�ōĤ/3ϵ͂ń͜

��͏.$?_ai�IBD˲Ê/�E�,�+�Eôʙ�
E϶$%�ϵstPWV

2Ωʬ˯ŀIȢC�/�E$?/@ϵɘ�͂ń2͈͜ʊ̕/ƀ�Eɒ͢I®Ƽ̓

�ǆ͏�
E϶  

3.5 ˮ2͜ʊ́Ʌ2ɪΏȜɶ/3ϵÜ̓ˎˠIĖ̔/�$ɪΏȜɶϳCAVI ƀ

stPWVϴ, CAVI 2Ų̒/ƽ'$ɪΏȜɶϳCAVI ƀ stPWV2ϴIʬ�$϶"2́Ʌϵ

-&C2ɪΏ+@˅πËȗ� 0.707 ,.'$϶�2�,�CϵstPWV �͂ń/ƀ�

*ƽȿ2 PWV ,ʴ.Dϵ͂ń82Çũ�Ƅ��ǋ΀Iȱ�*�Eğ̢ǋ�̔�C

FE϶úɨ̻/Η9$B�/ϵ�2ųϫ+3 CAVI 2ǋ΀I̔Ǚ�*͂ń�ɢƝÐ

2͈͜ʊ̕2=ƀ͸,�*�E$?ϵ͈͜ʊ̕æ2͂ń24C(�3ɪΏʿƄ�

�'$,̔�CFE�ϵ®Ƽ stPWV /ƀ�E͂ń2ƹϜ/(�*ʣˣ�$ųϫ�

͙Ƀ/BEɒ͢�ǆ͏+
E,̔�CFE϶  

stPWV� sfPWV 2Ǉʬ,�*ϵPWV ´Ř2ϘÉ͎.ḁ̆ːĆ2aX��n�Y

Ƿə+
EœƞǷȗ (Augmentation Index: AI)A΄πˮ�̪͂ńɪ (Ankle Brachial 

Pressure Index: ABI) I³Ȯ�EǷə,.DƾE�,�̔�CFE϶< ϵAI 3̥
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ɷ2ɷƷ2s���eI@,/ϵḁ̆˶2ęƂËȗIḁ̆2ː�2Ƿə,�$@

2+
E϶̥ɷ2͜ʊ�ϹTǡ+ PWV BD@c�]�ƅ.��ϵēʨʿ/ǅɝ̢

,ḁ̆Ŕ2ʡǋ2ïϒ�ϓ�� [52]϶"2$? AI 2=+3ϵáΊ2Ś<�.ǋ΀

��͜ʊ+�.�϶ǅɝ̢IͣÈ�*ϵƹϜIχŘ�E$?/3ϵǅϔAǅϛ2

͜ʊ�ǆ͏,.E϶AI ,ǅϔ2͜ʊI̓.�͉̐2ɗǝ3ϵȸˎˠ2͜ʊ͉̐,

Ħɘ+
E϶�$�'*ϵAI ,˲ȣʿ.ǅɝ̢2ͣÈIȸˎˠ2͜ʊ͉̐+͜ʊ

�$ǐŌIʬ�*̓��,�ğ̢+
E,̔�CFE϶AI 3ϵḁ̆˶á¿2Ƿə

+
E�CϵstPWV�sfPWV , AI Iã/ˬî�E�,+BDř�2ǐŌ�ƾCF

E,̔�CFE϶ɟ/϶ABI 3νŐǋḁ̆ːĆʹ2͡Ț/ʬ�CF*�Eḁ̆2

ʤˢ�νŐ2Ƿə+
E϶ABI 3ϵ΄πˮ2Ě̌ȴ͂ńI�̪2Ě̌ȴ͂ń+ü

'$Ð+
E϶ABI �Ƅ��:-ϵʤˢ�νŐ/BE΄Ϩ2͂ń¾��Ś��϶

βƩ2ʤˢ�νŐ�ʪ�E, PWVϳbaPWV A haPWVϴ�͑���Ƅ��ϳḁ̆

�ɆC��ϴ.E$?ϵPWV 2ÍϢǋIˑÌ�E$?/ϵABI 3 baPWV .-,

Ãʬ�F*�E [53]϶͜ʊÐ2¾�3 PWV 2ēʨʿ/ʪ�E$?ϵ stPWV +@ʪ

�E,̔�CFE϶���ϵ�2ĵϣ3ȟƝʿ.͜ʊIųʧ�E�,+͙ɱ+�

E,̔�CFE϶νŐ�ʤˢ3ḁ̆ːĆ2Ρ̓/B'*ʪ�E$?ϵβƩ2ʤˢ�

νŐ2ú/3 stPWV ��ȡ�E,̔�CFE϶�.H&ϵ stPWV ��ȡ2Ƽ/�

τ�EB�.ŗĆIǻ�E�,+ʤˢ�νŐIɒî+�E,̔�CFE϶�2ǣ

ɶ2ˑˣ2$?/3ϵŚ͒ɚ+λȴʿ.͜ʊ�ǆ͏,.E$?ϵ˦ 4 ˤ/Η9E

ohk��XIǇʬ�$ÓƬ˭ʨ_ai�,ḁ̆ːĆaX��n�YǷə2͜ʊ

͉̐2ΠȈ��ğɞ+
E϶  

ȸˤ+3ϵPWV Iʬ�$˲Ê.ḁ̆ːĆaX��n�YǷə͜ʊǣɶIξʼ�

E�,�+�$϶ȸǣɶ3ϵǅϔ,Ý̥ɷ/BE PWV Ƿə2ȁɌϵƄň2c�]

jrNaξʼϵ͜ʊL�\�b�2ξʼ+ɗǝ�Fϵȸǣɶ/B'*͜ʊ�$

stPWV � CAVI ,ϭ�˅ππËIȱ�E�,�Cȸǣɶ2ȱʬǋIɒ͢�$϶ä

¿ʿ/3ϵȟƝʪɼʩŒ/��*ĉï.˴Ʃ+˲Ê/͜ʊ+�EǣɶIξʼ�E

$?/ϵǅϔ,Ý̥ɷ/BE PWV I͈͜ʊ̱̕Ί+͜ʊ�+�ϵƄň+ϘǱȽ.

͜ʊ͉̐Iξʼ�$϶�C/ϵ͜ʊ˴Ʃ2Ĩ�,ŮŲĆ2$?/ϵPTT ͜ʊ2Ŋ

ʍʙ,.EÝ̥ɷ2ʡǄʙ2ɒîǣɶϵ�B6ϵ¿ă/΂ľ�EpNb�ǲ�͜

ʊ2ŜȔA˴Ʃ2¾�Iς�¿ăpNbχĕL�\�b�2ɒ͢I̓'$϶ɒ͢

2́ɅϵBDŮŲ�$͜ʊ�}k�ɶ/BEʡǄʙɒî+ğ̢.�,ϵ̃͜ʿ.

ǣɶ/BD¿ăpNb2ƹϜIχĕ�EL�\�b�Iųʧ+�E�,Iˑͩ�

$϶"�*ϵḁ̆Ŕ2ː�I˓�ȞũǷə,ȁɌǣɶ+͜ʊ�FE PWVIɪΏ�ϵ

ȁɌǣɶ2Ƿə�ḁ̆ːĆaX��n�YǷə,.DƾE/ĉï.˅πIˑͩ+
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�$϶þ�*ϵνŐǋḁ̆ːĆʹǎ̕82ΩʬIȞũ2ḁ̆ːĆaX��n�Y

Ƿə,Ħɘ2Ȝɶ+̓�ϵȞũǷə,Ħɘ2́ɅIƾCF$϶�FC2́Ʌ/B

Dϵȸ͜ʊǣɶ/B'*͜ʊ�FEǷə�ϵḁ̆ːĆaX��n�YǷə,.D

ƾE�,Iɒ͢+�$ .
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s4r�,Etg���"	�@� 
˦ 3 ˤ/��*ϵȟƝʪɼʩŒ+2ôʬIǑŲ�$ḁ̆ːĆaX��n�YǷə

2͜ʊǣɶ2ξʼ/(�*Η9$϶ųό2ȟƝʪɼʩŒ+͜ʊI̓�ϵ͜ʊǐŌI

ȱĂ/ɼʬ�E$?/3ϵ͜ʊǐŌIôʬ̕AƁμŷ�͗ż+�E°˿=�ǆ͏+


E϶<$ϵ͜ʊǐŌI͗ż�Eό/3ϵḁ̆ːĆ2aX��n�YǷə,
H!

*ϵḁ̆ːĆ2͡Ț/ʬ�CF*�E¿β.-2Ί¿ǐŌ�Ħȧ/͗ż+�E�,

�ȳ<��϶���ϵ͜ʊɝĻ�"F#FÏó/͜ʊǐŌIÌǶ�E%�+3ϵ͍

ȗ2͜ʊǐŌÏĤʿ/òȚ�E�,�+� ɝ̢��ĉï+
E϶"�+ϵȸˎ

ˠ+3ɘ�.ɝĻ2ǐŌĨĤϵ̾˟ϵïɃϵρ͕+�E_ai�2ɗ˰I˃Ƿ�ϵ

ÓƬ˭ʨ_ai�Iɗ˰�E϶  

ȸˤ+3ϵξʼ�$ḁ̆ːĆaX��n�YǷə͜ʊǣɶIḁ̆ːĆ£ς2$?

2ÓƬ˭ʨ_ai�/Ɗξ�*̓�$?/ϵÓƬ˭ʨ_ai�2Ŋȸʿ.ɝ̢,.

E͜ʊǐŌ2̃Ĥϵ�B6ϵohk��XIʬ�$͜ʊǐŌ2˭ʨ_ai�/(�

*Η9E϶4.1 ˮ/ɘ�.͜ʊɝĻ2ǐŌĨĤ�E$?2ǣɶIȁɌ�ϵŊ˒ʿ.

ăÂ2ɒ́͢ɅI˓�϶4.2 ˮ/ḁ̆ːĆaX��n�YǷəϵ"2ˬî/ǆ͏.ǅ

ϔ�̥ɷ2ǐŌA͂ń.-2Ŋ˒ʿ.Ί¿ǐŌI˭ʨ�Eohk��X_ai�/

(�*Η9E϶  

4.1 �cK7y3Ma�OY  
¿β.-2Ί¿ǐŌ3ϵḁ̆ːĆaX��n�YǷə,Ħɘ/ḁ̆ːĆ2£ςA

ɴʻ/ȱʬ.ǐŌ+
E϶ḁ̆ːĆǋʷǎ£ςUNl�N�/˓�F*�EɒɈϝ

˃2�&ŷƫʬ2͜ʊɝĻ�ƙͻ�F*�Eϝ˃3ϵ¿βϵBMI(Body Mass Index)ϵ

̥ǯϵ͂ń.-�
E϶<$ϵḁ̆ːĆ2Đψľŧ+
E˵Ƈʸ2Ƿə2͂˵ÐA

Ƈ˵Ð2͜ʊɝĻ@ƙͻ�F*�E϶�FC2ɝĻIʬ�E�,+ϵḁ̆ːĆ2ɒ

Ɉϝ˃IȟƝʪɼʩŒ+͜ʊ�E�,�+�E϶  

�FC2ɝĻ3ϵ͜ʊǐŌI͜ʊȧ/͆˓�Eɝ̢��Ƕ$.�@2ϵ͜ʊǐŌ

I"F#F2ɝĻ�Ïó/͞Ǜ�E@2ϵ��Tʣ̱2˭ʨʬdwkOPL.-I

ʬ�*͜ʊǐŌI[�v��e/ěDΓ>ɝ̢IǶ(@2.-�
E϶�2B�/

ɘ�.ɝĻ�
E$?ϵÓƬ˭ʨ2$?/ǐŌĨĤ�Ϲ(2_ai�+ěDǤ�

�,�+�.�ʢɵ/
E϶�ή2��T+3͜ʊɝĻ2˝ϥA͌Ο��T/BC

 ͜ʊǐŌĨĤ�E$?/ϵãΝ2N�ewP�a2˫ŲIΡ?*�E [54]϶��

�ϵ�9*2ɝĻ/ãΝ2ΝÍ͉̐Iȇΐ�E�,3Ŀϓ+
Dϵ�+/ǡǶ�*
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�EɝĻ/ƀ�*ȇΐ�E�,3¤ų��ğ̢+
E϶  

�2ĵϣI͙ɱ�EȜɶ,�*ϵ­/ȁ˓�FE͜ʊÐ2șŨǐŌIǻ�EȜɶ

�̔�CFE϶­82͜ʊǐŌ2ȁ˓3Ŋȸʿ/�9*2ɝĻ+.�F*�Dϵʧ

Ņ2ř�2ɝĻ2ȁ˓Ȝɶ3j`e�͆˓+̓.HF*�E϶�2͆˓ǐŌIT�

�+Ȍƹ�ϵșŨͩʹ/BD͜ʊǐŌIěƾ�Eǣɶ�̔�CFE϶�2ǣɶIʬ

�F4ϵ͜ʊ͉̐/ΝÍ2$?2ɝ̢IΘþ�E�,ʚ�Ϲ(2ǐŌěƾ͉̐+͍

ȗ2͉̐/ƀǇ�E�,�+�E,̔�CFE϶  

"�+ϵȸˮ+3ƙͻ2͜ʊɝĻ+͜ʊ�F$ǐŌIșŨͩʹ/BDěƾ�Eǣ

ɶ/BD͜ʊǐŌ2̃Ĥ2ųʧğ̢ǋIˑ�?EŊ˒ʿ.ɒ͢I̓.�϶  

ɒ͢I̓�$?/ϵ͜ʊÐěƾ_ai�/ǆ͏.ɝ̢/(�*2ɒ͝ϵ�B6ϵ

ɒ͢ųϫ2$?2_ai�/��Eų͉IΗ9E϶_ai�/ǆ͏.ɝ̢,�*ϵ

șŨͩʹ/B'*ɝĻ/͆˓�F$ȗÐIěƾ+�Eɝ̢�Ǹ�CFE϶ʧŅϵɘ�

.șŨͩʹ2L�\�b��ξʼ�F*�E�ϵȸˎˠ+3Ŋ˒ʿ.ɒ͝2$?i

�y��k�hg�YIʬ�$϶ȸ_ai�+3ϵșŨͩʹ/B'*͜ʊÐIěƾ

�E%�+3�ĉï+
Dϵěƾ�$ȗÐ�À2͜ʊÐ+
E�@Ħȧ/͞ι�E

ǆ͏�
E϶¿˿ǝ͜2B�/͍ȗ2͜ʊÐ�͆˓�FEɝĻ+3ϵ͆˓�FEȗ

Ð�ÀI˓��@Ħȧ/͆˓�FE϶"�+ϵ͆˓æŸI˓�LN[�IʱØͩʹ

/B'*ʹó�E�,+ϵȗÐ,͜ʊϝ˃IƀǇ�!E϶͜ ʊɝĻ̱¿2ʹó/3ϵ

ɝĻó2[�lI͞ι�$��TIɝĻ/ʅ²�EȜɶIʬ�E϶Ł 4.1 /˓�B�

.��TIʬ�E�,+ϵɝĻʹó���T2ͩʹíʨ+ʆ=ϵþ�*��T2Ʒ

ʢ�CϵT��,ɝĻ2½̐πËIȀŲ�ʱØIșŨͩʹ/Ω�$Ʒ/͋ɢ+�E

ôʙ�
E϶  

�͞2ɝ̢IǶ(͜ʊǐŌěƾ2$?2y�Y��Iȇΐ�$[�v��e,�

̵ʿ.Ƅň]Nb2 web T�� (640x480 vXc�ϵ4 fps)Iʬ�*ϵŊ˒ʿ._ai

�Iɗ˰�$϶�2_ai�Iʬ�*ϵƙͻ2͜ʊɝĻ2ǐŌIěƾ�EųϫIŁ

4.2 2B�/�*̓'$϶͜ʊɝĻ/3ϵʡǄ2Ś��ʴ.E¿˿ǝ͜,Ƈ˵͜2 2

(Iʬ�$϶2 (/ɝĻ2˅ΧʙI͆ 4.1 /˓�϶  

 

 
Ł 4.1� ͜ʊɝĻ2ʹóʬ��T  
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ųϫ2́ɅϵɝĻ2ʹó�ȗÐ2ͮ=ěD2ɘŧIŁ 4.3 /˓�϶ɝĻ2ʹó+3ϵ

��T��9*ʱ͘æ/
EōĤϵ��TIͩʹ�¿˿ǝ͜,Ƈ˵͜Iˑų/ʹó

+�$϶ȗÐ2ͮ=ěD+3ϵɝĻʹó,Ħ�w���/ƀ�*-&C2ɝĻ+@ 9

ü´�2ȗÐěƾʦ+
'$϶ȸųϫ_ai�+3ϵ250ms �,/ʱØ�ěƾ�FE

$?ϵ250ms ´�T��/͜ʊ͉̐I���*��4ϵˑ ų/ȗÐ2ěƾ�ğ̢+


E϶�C/ϵϭΞ.T��Iʬ�*_ai�Iɗ˰+�E,̔�CFE�,�Cϵ

ȗÐ2ěƾʦ3ųʬ�á�ĵϣ.�,̔�CFE϶  
 

 
Ł 4.2� jMay�N2ȌƹN��`  

 

͆ 4.1� ųϫ/Äʬ�$ɝĻ2ɪΏ  

°ɘ  ¿˿ǝ͜  Ƈ˵͜  

͆˓̷  ʽ  Ϯ  

ʱϙ]Nb  Ś  Ƅ  

rhX�Nk  
D  .�  

͜ʊϝ˃  ͍ȗ  Ď�  

Äʬʢɵ  Ǽ�̐�  ȈƜ  

 

  

20[cm]
カメラシステム

70[cm]

カメラシステム
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(a) Ƈ˵͜2ʹó  

 
 

 
(b) ¿˿ǝ͜2͜ʊÐ2ͮ=ěD  

Ł 4.3� ͜ʊɝĻ2ʹó�͜ʊÐ2ͮ=ěD2ɘŧ  
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4.2 ,Etg���"�\u  
�F<+Ĉʻɝπ/υŲ�F*�$ḁ̆ːĆaX��n�YǷəIŷƫ.-+͜

ʊ+F4ϵ͜ʊȧøϵ͜ʊʢɵ/ƀ�Eö˸�ƅ.�.EôʙAôʬ̕�đƪ/͜

ʊǷəIˑͩ+�Eôʙ�
E϶���ϵ͜ʊǐŌ/(�*BDƁμʿ.òȚAL

lrNa.-IƾE$?/3ϵ͜ʊǐŌIôʬ̕�͞ι�˭ʨ�ϵΝφ.-/B'

*Ĉƛ.-2Ɓμŷ/͜ʊǐŌIȁ˓�.�F4.C.�϶�2ĵϣI͙ɱ+�F

4ϵḁ̆ːĆ2£ς2$?2Ƿə͜ʊ�Cʪɼ̓ǘ2ȑĶ<+2ɘ�.ƀǇ�ȟƝ

ʪɼʩŒ2�+ųʧ+�E,̔�CFE϶"�+ϵȸˮ+3ȟƝʪɼʩŒ+͜ʊ�

$ḁ̆ːĆaX��n�YǷəIBDȱĂ/ɼʬ�E�,I˃Ƿ�*ϵŁ 4.4 /˓�

ǐŌ˭ʨ2�ǅ,.Eohk��X_ai�Iɗ˰�E϶  

ɗ˰�E_ai�2�.ɝ̢,�*ϵȟƝʪɼʩŒ+͜ʊ�$ǐŌIĜÍ�̾˟

�Eɝ̢ϵ̾˟�$ǐŌIôʬ̕AƁμŷ�ρ͕�Eɝ̢�Ǹ�CFE϶²ϊ�E

ɝ̢,�*ϵρ͕2$?/̾˟�$ǐŌIïɃ�þƕ�Eɝ̢ϵ��^I˭ʨ�E

ɝ̢�Ǹ�CFE϶  

ȸˎˠ+3ϵ�FC2ɝ̢Iųʧ�E$?/ϵ3 ˝ϥ2]�rIΠȈ�!* 1 (2

ÓƬ˭ʨ_ai�Iɗ˰�E϶]�r_ai�2ɗǝIŁ 4.5 /˓�϶ȸ_ai�2

ɝ̢I"F#F2]�r�,/Η9E϶OPx]�r3ϵôʬ̕�C2͜ʊǐŌ2

ĜÍϵôʬ̕A˭ʨ̕.-�C2x�O^LXca/ƀ�EǇ˪íʨI̓�϶j�

e{�a]�r3ϵOPx]�r�ĜÍ�$͜ʊǐŌIɋ˹�Ej�e{�aɝ̢

IȁÆ�E϶Ly�Z�_��]�r3ϵj�e{�a/ɋ˹�F$ǐŌIʬ�*ϵ

ôʬ̕�ρ͕�Eăʿ.OPx|�`2ʪǝI̓�϶  

 

 
Ł 4.4� ÓƬ˭ʨ_ai�/BEḁ̆ːĆ2£ς  

Hospital

Home

Health care system

Network

Home

分析
情報管理

日常的な健康情報計測
生活習慣の改善

診察
治療
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Ł 4.5� ]�r_ai�2ɗǝ  

ohk��X�+Τʬ�E_ai�2$?ϵǐŌcV��iMƀ˫�ǆ͏+
E϶

ȸˎˠ2_ai�+3ϵôʬ̕2Ί¿/π�EǐŌIěDǤ��,�CϵĈʻǐŌ

_ai�2Ůá˭ʨ/π�EUNl�N� [55]IĖ̔/ϵǥ̈́ʿŮáƀ˫2ϝ˃/ƀ

Ǉ�$ɝ̢Iȸ]�r_ai�/ų͉�$϶  

ǥ̈́ʿŮáƀ˫ϝ˃,�*3ϵɟ2 5 (�Ǹ�CF*�E϶  

 

(1) ôʬ̕2ʹóė6ͩ͢  

(2) ǐŌ2ćï˭ʨ,LXcaɛυ2˭ʨ  

(3) LXca2͞ι (LXca�Y ) 

(4) �ɢdwkOPLƀ˫  

(5) ohk��X��C2�ɢLXca  

 

ȸ_ai�+3ϵ_ai�2͒ɚ�B6ôʬȜɶI̔Ǚ�*ϵɟ2ƀ˫I̓'$϶  

アプリケーションサーバ
Tomcat
ウェブアプリケーション

ネットワーク

ファイアウォール

利用者・専門家

webサーバ
apache

PHPプログラム

計
測
デ
ー
タ

ブ
ラ
ウ
ザ
ア
ク
セ
ス

データベースサーバ
PostgreSQL

Backup
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(1) ͜ʊǐŌ2ρ͕ȧ2 ID ,sa��l/BEͩ͢  

(2) ôʬ̕�,2LXcaɛ2͟Ų  

(3) LXca�Y2͞ι  

(4) ]�rɝ̢2ïȖ,_ai�Lhyj�kϵ�͏.]�ua2Òɡ  

(5) wKNLOR��2̐͟  

 

ȸ_ai�3ϵBDB�_ai�,�E$?/ϵ͟͜ϵɗ˰ϵăÂųϫ.-Ȉ

DΕ�ϵȑĶI̓'*�E϶ʧŅ2_ai�3ϵḁ̆ːĆaX��n�YǷəIĩ

>ϵɘ�.͜ʊǐŌ,ʪɼ̓ǘ2�(,�*Τă2͞ι�̓�E_ai�,.'*

�E϶  

ʧŅ2_ai�2úΡ,.E_ai�+3ϵŊȸʿ.ɝ̢A_ai�ɗǝ3Ħ�

+
E�ϵ˭ʨƀ͸2ǐŌ3͂ńϵǅϔϵ̥ɷϵ¿ʉϵ̥ǯ2=IěDǤ'*�$϶

�2_ai�3ϵ˸ 6 �Ȱο/ʈ'*ΤʬͤϫI̓'*�E϶"2́ɅϵȟƝʪɼ

ʩŒ+͜ʊ�$ǐŌ�Cohk��X�+2ǐŌ˭ʨ<+2�Π2ɝ̢�ϵųΤʬ

ʩŒ/��*Äʬğ̢+
DϵÓƬ˭ʨ/ôʬ+�E�,Iɒ͢�*�E϶  

ʧŅ2_ai�+3ϵ�2Τʬͤϫ2́Ʌ/Ŋ)�ϵ˭ʨɝ̢2ȑ̶�B6]�

r_ai�2ȑ̶�è͟͜I̓.'$϶˭ʨɝ̢2ȑ̶3LXcaɛ2Ĕź.˭ʨ

A web N�ewP�a2ȑ̶ϳŁ 4.6ϴ.-+
Dϵ]�r_ai�ȑ̶3µǑĆA

j�e{�a͟͜2ȯΩĆ.-+
E϶  

ÓƬ˭ʨ_ai�3ϵBDĂʦʿ.˭ʨIųʧ�E$?/ϵΛɟ˭ʨƀ͸AïɃ

Ȝɶ/ƀǇ�*̓�ǆ͏�
E϶�$�'*ϵ®Ƽ@͟͜ϵɗ˰ϵăÂųϫȈD

Ε�*̓�ǆ͏�
E,̔�CFE϶  
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Ł 4.6� ˭ʨʱϙÅ  

4.3 |>�
��  
ȸˤ+3ϵξʼ�$ḁ̆ːĆaX��n�YǷə͜ʊǣɶIḁ̆ːĆ£ς2$?

2ÓƬ˭ʨ_ai�/Ɗξ�*̓�$?/ϵÓƬ˭ʨ_ai�2Ŋȸʿ.ɝ̢,.

E͜ʊǐŌ2̃Ĥϵ�B6ϵohk��XIʬ�$͜ʊǐŌ2˭ʨ_ai�/(�

*Η9$϶4.1 ˮ+3ϵƙͻɝĻ+͜ʊ�$ǐŌIÓƬ˭ʨ_ai�+ěDǤ�$?

/ϵșŨͩʹǥ̈́/BE͜ʊǐŌ̃ĤǣɶIȁɌ�ϵŊ˒ɒ͢/BDųʧğ̢ǋI

ˑ�?$϶4.2 ˮ+3ϵohk��XIʬ�$ÓƬ˭ʨ_ai�Iɗǝ�E$?2]

�r_ai�I͟͜�ɗ˰�ȑ̶�$϶  

4.1 ˮ2́Ʌ�Cϵ͜ʊɝĻ�B6͆˓æŸIʹó�ϵ͜ʊÐ2ͮ=ěDI̓�E

�,�H�'$϶�2ǣɶIǇʬ�E�,+ϵeY2ʅ²2=+j`e�͆˓�F

Eɘ�.͜ʊɝĻ,2ΠȈ�ųʧ+�E϶ȸˎˠ+ʬ�$șŨͩʹ,��Tͩʹ3ϵ

�̵ʿ.ǥ̈́+
Dų͉3ɪΏʿŸȣ+
E϶ųϫ+3 Web T��, PC /BE_

ai�Iɗ˰�$�ϵųό2ôʬI̔�F4a��kwR�Aex�hk PC ˧2�

rN�˥ȷʬ2Ly�Z�_��+Ħɘ2_ai�Iųʧ�E,ôÊǋ�ϭ�϶�
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rN�˥ȷIʬ�E�,+ϵT��Aohk��Xǿ̅ʩŒIóΜʬǒ! /_a

i�Iųʧ�E�,�+�E϶  

șŨͩʹ/BDϵ�(2_ai�+ɘ�.͜ʊɝĻ/ƀǇ+�E�ϵųό/3͜

ʊɝĻ�,/șŨ2͆˓ήïA͆˓Ȝɶ�ʴ.E$?ϵÏ�2ɝĻ/ƀǇ�Eǆ͏

�
E϶ĵϣ,.E23ϵ͍ȗ2ȗÐ�͆˓�FEɝĻ+
E϶Å�4ϵ͂ń͜ϳĚ

̌ȴ͂ńϵǴƳȴ͂ńϵ̥ǯȗ.-ϴA¿˿ǝ͜ϳ¿βϵ¿̣̝ʦ.-ϴ�Ǹ�C

FE϶�2B�.ɝĻ2ōĤϵʱϙ2-�/À�͆˓�F*�E2�ϵʧŅ2͆˓

æŸ�À+
E�Iʹó�.�F4.C.�϶"2$?/3ϵɝĻ2˝ϥ�,/͆

˓ȜɶI͞ι�$j�e{�aIɗ˰�ϵ͆˓½̐Aʱϙæ2LN[�/Ǉ�*ϵ

͜ʊÐ2˝ϥIʹó�Eǣɶ�ȱĂ+
E,̔�CFE϶ohk��XIʬ�$Ó

Ƭ˭ʨ_ai�,2ΠȈ/B'*ϵ�2B�.ǣɶ2ųʧ@Ÿȣ/̓.�E,̔�

CFE϶  

4.2 ˮ+3ϵohk��XI¯�$ÓƬ˭ʨIųʧ�E$?2Ŋƣ,.E]�r_

ai�2͟͜�ɗ˰�ȑ̶I̓.'$϶ȸ_ai�Iʬ�*ŷƫA̘ō.-2ȟƝ

ʪɼʩŒ+͜ʊ�$ǐŌ2Lhy��l�̾˟�ρ͕�ïɃ�̓.�E�,Iˑͩ

�$϶"�*ϵȸ_ai�IŊ˒,�*ϵ˭ʨϝ˃2ΘþϵWeb N�ewP�a2

��^u�iM2Ĩ�ϵïɃɝ̢2ƴĆϵ˭ʨɝ̢2Ûų.-2ȑ̶I̅�*̓�

�,+ϵḁ̆ːĆ2£ς/ͺʥ�EBDB�_ai��ɗ˰+�E,̔�CFE϶  

ȸˤ+3ϵḁ̆ːĆaX��n�Y2͜ʊǣɶIBDȱĂ/ɼʬ�E$?2ÓƬ

˭ʨ_ai�2Ŋ˒ɝ̢Iɗ˰�$϶®Ƽ3ϵɗ˰�$_ai�I˕¸ų͉�ϵų

Τʬ/��EȑĶI̓.'*̓�ǆ͏�
E,̔�CFE϶�F/BDḁ̆ːĆ2

£ς/ͺʥ+�E_ai�2ɗ˰�ȴƻ+�E϶
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s5r�x� 
ȸˎˠ+3ϵȟƝʪɼʩŒ/��Eḁ̆ːĆǷə͜ʊ2ųʧI˃Ƿ�*ϵȟƝʪ

ɼʩŒ+2ôʬIǑŲ�$͜ʊ͉̐,͜ʊL�\�b�2ξʼ,ȱʬǋ2ɒ͢/B

'*ϵÝ͜ʊ/BE˲Ê.ḁ̆ːĆaX��n�YǷə͜ʊǣɶIξʼ�E�,�

+�$϶<$ϵ͜ʊ�$ǷəIɼʬ�E$?2ohk��XIʬ�$ÓƬ˭ʨ_a

i�Iɗ˰�$϶  

˦ 2 ˤ+3ϵ˲Ê.ḁ̆ːĆaX��n�YǷəǣɶ2ξʼ/
$Dϵḁ̆ːĆ

2ʸǕ,"2͜ʊǣɶ/(�*Șʨ�ϵÝ͜ʊ/BE˲Ê.͜ʊǣɶIξʼ�E$

?/ʬ�$̥ɷ¹ȋΞƩ (PWV),ḁ̆ːĆ2πΠ/(�*Η9$϶  

˦ 3 ˤ+3ϵÝ͜ʊ/BE˲Ê.ḁ̆ːĆaX��n�YǷə͜ʊǣɶ2ξʼ/

(�*Η9$϶ȟƝʪɼʩŒ/��*ĉï.˴Ʃ+˲Ê/͜ʊ+�EǣɶIξʼ�

E$?/ϵÝ͜ʊ/BE̥ɷϳÝ̥ɷϴ,ǅϔ/BE PWV I͈͜ʊ̱̕Ί+͜ʊ�

+�Ƅň+ϘǱȽ.͜ʊ͉̐Iξʼ�$϶�C/ϵ͜ʊ˴Ʃ2Ĩ�,ŮŲĆ2$?

/ϵPTT ͜ʊ2Ŋʍʙ,.EÝ̥ɷ2ʡǄʙ2ɒîǣɶϵ�B6ϵ¿ă/΂ľ�E

pNb�ǲ�͜ʊ2ŜȔA˴Ʃ2¾�Iς�¿ăpNbχĕL�\�b�Iξʼ�ϵ

˴Ʃ2ɒ͢I̓'$϶ɒ͢2́ɅϵBDŮŲ�*͜ʊğ̢.ʡǄʙɒîǣɶIɱŲ

�E�,ϵ�B6ϵ¿ăpNb2ƹϜIχĕ�EL�\�b�Iųʧ+�E�,I

ˑͩ�$϶"�*ϵḁ̆Ŕ2ː�I˓�ȞũǷə,ȁɌǣɶ+͜ʊ�FE PWV Iɪ

Ώ�ϵȁɌǣɶ2Ƿə�ḁ̆ːĆaX��n�YǷə,.DƾE/ĉï.˅πIˑ

ͩ+�$϶þ�*ϵνŐǋḁ̆ːĆʹǎ̕82ΩʬIȞũ2ḁ̆ːĆaX��n�

YǷə,Ħɘ2Ȝɶ+̓�ϵȞũǷə,Ħɘ2́ɅIƾCF$϶�FC2́Ʌ/B

Dϵȸ͜ʊǣɶ/B'*͜ʊ�FEǷə�ϵḁ̆ːĆaX��n�YǷə,.Dƾ

E�,Iˑͩ+�$ . 

˦ 4 ˤ+3ϵξʼ�$ǣɶ/BEḁ̆ːĆaX��n�YǷə,,@/͜ʊ�˭

ʨ�E�,+ḁ̆ːĆ2£ς�ɴʻ/ȱʬ,̔�CFEΊ¿ǐŌĨĤ�E$?2

ǣɶϵ�B6ϵ�FC2Ί¿ǐŌI˭ʨ�E$?2ÓƬ˭ʨ_ai�2ɗ˰/(�

*Η9$϶ɘ�.ɝĻ+͜ʊ�FEΊ¿ǐŌĨĤ�Eǣɶ,�*ϵ͜ʊɝĻ/͆

˓�FEșŨǐŌ/ˉ˃�ϵT��,șŨͩʹǥ̈́/BEǐŌ̃ĤǣɶIȁɌ�ϵ

ɝĻ2ʹó,͜ʊÐ2ěƾ�̓�E�,Iˑ�?$϶ÓƬ˭ʨ_ai�2ɗ˰+3ϵ

ohk��XI¯�$ôʬ�ğ̢.]�r_ai�Iɗ˰�ϵųʩŒ/*Τʬ�E

�,+ÓƬǐŌI˭ʨ�E�,�+�$϶  

ȸˎˠ/BDϵ�F<+Ĉʻɝπ+Ĉƛ.-2Ɓμŷ/B'*͜ʊ�F*�$ă

̥ːĆ2aX��n�YǷə2ŷƫA̘ō.-2ȟƝʪɼʩŒ+2͜ʊ�ųʧ+�
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E,̔�CFE϶�C/ϵȸˎˠ+ɗ˰�$Ί¿ǐŌ2̃ĤǣɶAÓƬ˭ʨ_ai

�IʼƊ�!E�,+ϵḁ̆ːĆaX��n�YǷəAḁ̆ːĆπΠ�EΊ¿ǐŌ

ĨĤ˭ʨ�Eḁ̆ːĆ2£ς/ȱĂ._ai��ųʧ+�ϵǅ͂˭ʷǎ2£ς8

2ͺʥ�ȴƻ�FE϶
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��  

ȸˎˠIΡ?E/
$Dϵɘ�.�Ƿƃ�ϚȍIͿD<�$˩ɷŚū_ai�ǐ

Ō˶ƍʀĺ�ȕǽ/ʂ�Ǔͳ�ϵǅBD�˔ʯ���<�϶ƍʀȕǽ/3ϵÛų�

$ˎˠʩŒAȕ̞ʩŒI��*�$%�Ǔͳ�$�<�϶�C/ϵˎˠ̕2
DȜ

Aʠ¤2ǻ�Ȝϵ̔�Ȝ<+@�Ž/�ȕ��$%�ϵBDƥ�͓γIϧ��,2

Śð�Iū7�,�+�<�$϶  

ȸͱș2žɈ/
$D˩ɷŚū_ai�ǐŌ˶λͷƓɹ�ëȕǽϵ̽Ə̸Ȣȕǽϵ

ŋǚ�ȕǽϵʽƓĘ˷ȕǽ/ͽβ.�ÿ͛IͿD<�$�,Iʂ�Ǔͳ�$�<�϶ 

ȸˎˠ2΢̓/ƶ$DϵȟȸŚūĈūήǪ˃ʮ˷ƸĈƛϵ�ʭε�ĈƛϵțʒŚ

ūĈūήɖɲİƸĈƛ/3ϵĈūïγ�C2ͽβ.�ÿ͛IͿD<�$�,ϵųϫ

.-IΝ�*Śŗ��ͦ/.D<�$�,ǅBD�˔ʯ���<�϶ųʩŒ,ˎˠ

I(.�ͽβ.ʩŒI��*�$%�ϵ
D�,����<�$϶  

Y��r� COE y�Y���B6ȯÜ˥ˎˠξʼȐȄy�Y��.-ɘ�.ōϙ

/��*˩ɷŚū_ai�ǐŌ˶ηȵÓĹëȕǽϵ˩ɷŚūȯÜ˥]NrnXaˎ

ˠǳʙɁ�ȢÿȕϵɳȸɿȢÿȕϵ辻ȼˈ�ˎˠĳϵŏēʃˎˠĳϵ§ȰŞƬÂˎ
ˠĳ,πË̕2ˀɘ/$��J2ͽβ.�ÿ͛ϵ�ǷƃIͿD<�$�,Ǔͳ�$

�<�϶]Nr�fN�ɊƯ¸˕2ˀɘϵųϫ/�čý�$%�<�$ˀɘ/Ǔͳ

�$�<�϶  
ˎˠŴ2ˀɘ/3ϵˎˠ2˅Ͱϵųϫ82čýϵē˞Aʼ͆2ˑͩ.-řƎ/H

$DŚŗ��ͦ/.D<�$϶ȸͱșI<,?E/
$Dϵϰ̀ʃ�Jϵȼʭ̖�

�J/3ϵŚŗ.�čýI�$%�
D�,����<�$϶Ğōώ­�JϵL�

X]�j��NLpw�JϵĞőďˤ�JI3�?ˎˠŴ2ˀɘAċɓʪ/3ϵ͉

̐2ξʼAųϫ82�ÿ͛ϵ�čýI�$%�<�$�,ŚŗǓͳ�$<�϶<$ϵ

ˎˠɼă2=.C â˙,@/ϵɘ�.ɝ¸Aˋ͑ϵʔĀI�$%�$ˎˠŴ/ǡ

Ƌ�$ˀɘ/ʂ�Ǔͳ�$�<�϶  

ȯƼ/ϵλ�/H$EūʪʪɼIʉ��ȐȄ�*�%��<�$�͖ϵ˖ʞϵţϵ
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