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Cardio-Ankle Vascular Index as a Predictor of
Cardiovascular Events and All-cause Mortality
in Metabolic Syndrome Patients

Thosaphol Limpijankit, Prin Vathesatogkit, Dujrudee Matchariyakul,
Teerapat Yingchoncharoen, Hathaichon Boonhat, Piyamitr Sritara

Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

Arterial stiffness can be measured by several methods including applanation tonometry with pulse wave
velocity, brachial-ankle pulse wave velocity and the relatively new method of cardio-ankle vascular index
(CAVI). The most outstanding feature of the CAVI is the lack of dependence on blood pressure at the time

of measurement.

There is a large cohort study conducted in a Thai population on the incidence of cardiovascular disease,
called the Electricity Generating Authority of Thailand (EGAT) study". According to this study, a score is
provided to estimate risk, called the Thai CV Risk score. Although the Thai CV Risk score has been vali-
dated and provides modest prediction of patients with intermediate atherosclerotic risk factors in a Thai
population, an assessment of the effect of obesity and metabolic syndrome is still lacking. Metabolic syn-
drome (MS) is associated with increasing in cardiovascular (CV) events and all-cause mortality'?’. However,
there is heterogeneous of severity in MS patients and not all MS patients should be on aggressive manage-
ment. Previous studies have shown that the Cardio-Ankle Vascular Index (CAVI), a new indicator of arterial
stiffness, is enable to diagnose the subclinical atherosclerosis and associated with future CV events[!.
Whether the CAVI can predict the CV events and all-cause mortality in MS and how to classify the risk in

these population is still unknown.

A total of 3,983 employee of the Electricity Generating Authority of Thailand (EGAT) were enrolled. Base-
line characteristics and CAVI were measured using a Vasera VS-1000 (Fukuda Denshi). Mean CAVI was
used for analysis. The participants who were already diagnosed of CVD or had ABI <0.9 or CAVI <6 or >13
were excluded. The primary endpoints were CV events (MI, stroke, coronary revascularization or death
from MI or stroke) and all-cause mortality were adjudicated by obtaining medical records. MS was defined
according to NCEP-ATP III definition. Cox’s proportional hazard model was used to find the association
between CAVI and primary endpoints, stratified by the presence or absence of MS.

3,135 participants were eventually enrolled. At 8-year follow-up, 182 participants were death and 106 par-
ticipants had CV event. Using the NCEP-ATP III criteria, MS was found in 29%. Participants with MS had
higher CV events (5.5% vs 2.8%, p=0.001) and all-cause mortality (7.7% vs 5.6%, p=0.04)®.

Arterial stiffness assessed by CAVI predicts the CV events and all-cause mortality in Metabolic Syndrome

11
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patients. This noninvasive test can be used as a screening tool to encourage Metabolic Syndrome patients
for life-style modification and CV prevention.
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MAEREEZ % U CEIRFEIb R EORIER L O HEICKRE HE5T 5,
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B Wy 2 2 R S AL EETdh S, Cardio-ankle vascular index (CAVI) 1, stiffness parameter
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IRIA DS 228N Tn 5,
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WX B MERREDOZEALZ D Z LR TH L. HEDIHKRIZ CAVIZH WD Z EI2X D, HERMHIC
X B RIMEAPHREDFIES L OHEEOHHFNZE L Z L i s b,
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CAVI TEZ 3 MERKEEDZE!

BH Eo

BFEFEFTEEN NMERREEHST BESE R®AKFE EFN 2EHR
W HFREFERIU=vT KRR

PR OVERE 2 5103 2 ERIZ, 440, BIIRFALOIBEE, 2 LT, OIEA XY M PHEETH - 1
A5, S BRI A ARSI A OB IR %2 L3 2 48 & U CULIER B I 8% (Cardio-ankle vascu-
lar index) ASBAZE SN B L. X0 IEREICHEBEINZ & 52 TWab 2 LA, FROMEY 227 JHT0
I ba— VIR S SIS SIEBRENRE IR TR RE O EANEL D Ao TE 2, HlD, O
NG RB IS L C I 22 KRS 2 e L T B 2 8. ZAURIMUEHERIC S D B 2 &y X 5 I HKMIK
TORREMEFRICR LT A T L, 51T, DIEMIE LA > TEGMHEEROMFHIHRI--TWnE I &
BREPHLNII > TETND, T2 L OMERER, F2HEAME 2 &b ATz £
CEAVHBIL T & 72,

CAVIGHZ. RREFRYTT - T L2 —lMIC EAT 2R S 50 ZIUIFRAERTAL, RIS i
BRI OIGHE I X 2 MAS M2 W L. 77 0 — A LEDSEAT LT 2 5B G Im & 7 v 1845 -
BEICED EEZON, Z2EEMICANY FBRETLURENIZZ 5N 5,

DiEFLdn L, CAVIIZ L - T [WOERES ] ISInd 28727 [IAERKES] OREr-Hirh s &
HIREE NS,

The role of CAVI in Vascular Function

The role of measuring arterial stiffness had been mainly an index of arteriosclerosis, and also a predictor
of cardiovascular events. But, when cardio ankle vascular index (CAVI) which is independent from blood
pressure at measuring time, was presented, new field of the vascular function was developed. For instance,
CAVI could reflect not only vascular aging and a degree of arteriosclerosis more properly, but, also reflect
functional stiffness, which is involved in the control of blood pressure, and plays as a afterload of left ven-
tricle, and a controller of systemic circulation. In addition, CAVI was raised by various kinds of inflamma-
tory vascular diseases, and also raised by various psychological stress. And those transient raise is sup-
posed to be due to the contraction of arterial medial smooth muscle cells.

We met several cases who suffered from brain hemorrhage, myocardial infarction and aortic aneurysm just
after a few weeks or a few months of enhanced high CAVI. And, enhanced CAVI might be a predictor of
cardiovascular events. The possible mechanism might be as follow; enhanced CAVI might be due to
smooth muscle cell contraction. This smooth muscle contraction might induce anoxia in intimal lesion,
which lead necrosis and induced plaque rupture finally.

In summary, CAVI is expected to develop new world of the vascular function.
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Stiff vessels approached in a flexible way: Advancing quantification and interpretation of arterial stiffness

WAL L 72N O Rk 7 71 —F ¢ SR O SGHERY 70 i Ak & IR

Bart Spronck,; Department of Biomedical Engineering, CARIM School for Cardiovascular Diseases, Maastricht University, Maastricht,
The Netherlands

Artery Res. 2018; 21: 63-68
https://reader.elsevier.com/reader/sd/7493B4C781A88COBBFFCF14237DA46A06E03A240D68E20C07E8822B38CDD01 FC3F4FE5442
50562766B669AFD5D103B4C

Correlation of Arterial Stiffness With Left Atrial Volume Index and Left Ventricular Mass Index in Young Adults: Evaluation by Coronary
Computed Tomography Angiography

FAER NI BT 2 EREE & EEARER. AR OHEEREOMB - EEIk CT M ERIC L 5 5
Kazuhiro Osawa, Rine Nakanishi, Toru Miyoshi, Sina Rahmani, Indre Ceponiene, Negin Nezarat, Mitsuru KanisawaD, Hong Qi, Eranthi
Jayawardena, Nicholas Kim, Hiroshi It, Matthew J. Budof,; Department of Medicine, Los Angeles Biomedical Research Center, Torrance,
CA, USA; Department of Cardiovascular Medicine, Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences, Okayama, Japan

Heart Lung Circ. 2018 Apr 26 https://www.ncbi.nlm.nih.gov/pubmed/29753654

An integrative approach to investigate the association among high-sensitive C-reactive protein, body fat mass distribution, and other
cardiometabolic risk factors in young healthy women

MRV BU 2R C JOntE& R, IR B L OZ oMo MU 2 7 KT OBERI O 720 O AI T 71 —F
Bin Wu, Jingshan Huang, Lihua Zhang, Mohan Vamsi Kasukurthi, Fangwan Huang, Jiang Bian, Keisuke Fukuo, Tsutomu Kazumi,;
Department of Endocrinology, First Affiliated Hospital of Kunming Medical University, PR China

Methods. 2018 Apr 24. pii: S1046-2023 (17) 30489-9 https://www.ncbi.nlm.nih.gov/pubmed/29702223

Arterial stiffness: a prognostic marker in coronary heart disease. Available methods and clinical application

BhIREEYE  EENIRME B O PR~ —h — WREZR ik & ERIRIG

Vernon V. Bonarjee,; Cardiology, Stavanger University Hospital, Norway

Frontiers in Cardiovascular Medicine June 2018, Volume 5, Article 64 https://www.frontiersin.org/articles/10.3389/fcvm.2018.00064/full

Clinical predictive biomarkers for normoalbuminuric diabetic kidney disease

EETNVT IV REERBE R B ORI TR NS F~— 7 —

Tomohito Gohda, Yuji Nishizaki, Maki Murakoshi, Shuko Nojiri, Naotake Yanagisawa, Terumi Shibata, Mami Yamashita, Kanako
Tanaka, Yoshinori Yamashita, Yusuke Suzuki, Nozomu Kamei,; Department of Nephrology, Juntendo University Faculty of Medicine,
2-1-1, Hongo, Bunkyo-ku, Tokyo 113-8421, Japan

Diabetes Res Clin Pract. 2018 May 3; 141: 62-68 https://www.ncbi.nlm.nih.gov/pubmed/29729375

Neutrophil subsets and their gene signature associate with vascular inflammation and coronary atherosclerosis in lupus

RPE TR ERY 72y bEZENSOBET V7 A F ¥ —HUMAEIIE LEEIR 7 7 0 — A L & 5 2
Philip M. Carlucci, Monica M. Purmalek, Amit K. Dey, Yenealem Temesgen-Oyelakin, Simantini Sakhardande, Aditya A. Joshi, Joseph
B. Lerman, Alice Fike, Michael Davis, Jonathan H. Chung, Martin P. Playford, Mohammad Naqi, Pragnesh Mistry, Gustavo Gutierrez-
Cruz, Stefania Dell'Orso, Faiza Naz, Taufiq Salahuddin, Balaji Natarajan, Zerai Manna, Wanxia L. Tsai,]1 Sarthak Gupta,] Peter Grayson,1
Heather Teague, 2 Marcus Y. Chen, 2 Hong-Wei Sun, Sarfaraz Hasni, Nehal N. Mehta, and Mariana J. Kaplan,; National Institute of
Arthritis and Musculoskeletal and Skin Diseases (NIAMS) and 2National Heart, Lung and Blood Institute (NHLBI), NIH, Bethesda,
Maryland, USA

JCI Insight. 2018; 3(8): €99276

https://df6sxcketz7bb.cloudfront.net/manuscripts/99000,/99276/cache /99276 .1-20180417131901-covered-253bed37cadclab43d105aefdf7b5536.pdf

Gender-specific association of serum uric acid levels and cardio-ankle vascular index in Chinese adults

BN EL IS 3BT 5 ML IR ERAE & O e 1 LS R0 MBI R 5L 10 72 B 4R

Xiaoya Zheng, Qiang Wei, Jian Long, Lilin Gong, Hua Chen, Rong Luo, Wei Ren and Yonghong Wang,; Department of Endocrinology,
The First Affiliated Hospital of Chongqing Medical University, No.1 Friendship Road, Yuzhong District, Chongqing, China

Lipids Health Dis. 2018 Apr 11; 17(1)80 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5896098/pdf/12944_2018_Article_712.pdf

Usefulness of controlled attenuation parameter for detecting increased arterial stiffness in general population

— AR H T O BRI AL oM 2 31T B controlled attenuation parameter A5 H Tk

Hyo Eun Park, Heesun Lee, Su-Yeon Choi, Min-Sun Kwak, Jong In Yang, Jeong Yoon Yim, Goh Eun Chung,; Division of Cardiology,
Department of Internal Medicine, Healthcare System Gangnam Center, Seoul National University Hospital, Seoul, Republic of Korea
Dig Liver Dis. 2018 May 4. pii: S1590-8658 (18) 30724-2 https://www.ncbi.nlm.nih.gov/pubmed/?term=29779697

Clinical Significance of Skin Autofluorescence in Patients With Type 2 Clinical Significance of Skin Autofluorescence in Patients With
Type 2 Diabetes Mellitus With Chronic Heart Failure

BYOAEDH 5 2 TURRFERZ BT 5 R H R e RN EEE:
Takashi Hitsumoto,; Hitsumoto Medical Clinic, 2-7-7, Takezakicyou, Shimonoseki City, Yamaguchi 750-0025, Japan
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Cardiology Research. Volume 9, Number 2, April 2018, pages 83-89 http://cardiologyres.org/index.php/Cardiologyres/article/view/713/754

Acute effect of resistance exercise on arterial stiffness in healthy young women

R AL BIT A L YRy v RBEOBIRGENE I 2 2R 5

Kenta Kioi, Ryohei Yamamoto, Kohei Mori, Takuo Nomura,; Department of Rehabilitation Sciences, Kansai University of Welfare Sci-
ences, 11-1, 3-chome, Asahigaoka, Kashiwara city, Osaka, 582-0026, JAPAN

JAHS 2018; 9: 1-5 https://www.jstage.jst.go.jp/article/jalliedhealthsci/9/1/9_1/_pdf

Greater reductions in plasma aldosterone with aliskiren in hypertensive patients with higher soluble (Pro) renin receptor level.
it (78) L=y SBRRLANVORWEIERZEIIBITS, TUAFL VIZLBMETVRATO 08D
K& %2 WA

Kanako Bokuda, Satoshi Morimoto, Yasufumi Seki, Midori Yatabe, Daisuke Watanabe, Junichi Yatabe, Takashi Ando, Satoru Shimizu, Hiroshi

Itoh, Atsuhiro Ichihara,; Department of Medicine II, Endocrinology and Hypertension, Tokyo Women’s Medical University, Tokyo, Japan
Hypertens Res. 2018 Apr 4 https://www.ncbi.nlm.nih.gov/pubmed/?term=29618841

Association between atherosclerosis and handgrip strength in non-hypertensive populations in India and Japan

4 v FEHAROIESMELEMCBIT 5 7 70— 2 BRI & 8]0 Bi1%

Hirotomo Yamanashi, Bharati Kulkarni, Tansy Edwards, Sanjay Kinra, Jun Koyamatsu, Mako Nagayoshi, Yuji Shimizu, Takahiro Maeda and
Sharon E Cox,; Department of Island and Community Medicine, Nagasaki University Graduate School of Biomedical Sciences, Goto, Japan
Geriatr Gerontol Int. 2018 https://onlinelibrary.wiley.com/doi/pdf/10.1111/ggi.13312

Effect of Sodium Thiosulfate on Arterial Stiffness in End-Stage Renal Disease Patients Undergoing Chronic Hemodialysis (Sodium
Thiosulfate-Hemodialysis Study): A Randomized Controlled Trial

EWIMEEN 22 T A2 RKIBHRBBEICB 2 F 4 6EF MU 7 20%FE (g NV 7 & - s
BFge) © MAEZs AL HL o HE Sk BR

Saengpanit D, Chattranukulchai P, Tumkosit M, Siribumrungwong M, Katavetin 1, Sitprija V, Praditpornsilpa K, Eiam-Ong S, Susantitaphong
P; Division of Nephrology, Department of Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Nephron. 2018 Mar 23 https://www.ncbi.nlm.nih.gov/pubmed/?term=29587288

Glycemic variability in continuous glucose monitoring is inversely associated with baroreflex sensitivity in type 2 diabetes: a preliminary report
2 RBEIRIRIC B AFke 7NV 23— AE =5 ) ¥ 7 TONMPEL BN E SRS YE & Wt D 5 - i

Daisuke Matsutani, Masaya Sakamoto, Hiroyuki Iuchi, Souichirou Minato, Hirofumi Suzuki, Yosuke Kayama, Norihiko Takeda, Ryuzo
Horiuchi and Kazunori Utsunomiya,; Division of Diabetes, Metabolism and Endocrinology, Department of Internal Medicine, 3-25-8,
Nishi-Shinbashi, Minato-ku, Tokyo, 105-8461, Japan

Cardiovasc Diabetol. 2018 Mar 7; 17(1): 36 https://cardiab.biomedcentral.com/track/pdf/10.1186/s12933-018-0683-2

Increased serum PCSK9, a potential biomarker to screen for periodontitis, and decreased total bilirubin associated with probing depth
in a Japanese community survey.

HAROHIEFIENZ BT, REHAZ ) —= ¥ FOBLENRNA F~—Hh—Tdh 5 M PCSKIP LA L, 77—
C U SREICHEET 2R VY VAR

Tabeta K, Hosojima M, Nakajima M, Miyauchi S, Miyazawa H, Takahashi N, Matsuda Y, Sugita N, Komatsu Y, Sato K1, Ishikawa T,
Akiishi K, Yamazaki K, Kato K, Saito A, Yoshie H,; Division of Periodontology, Department of Oral Biological Science, Niigata University
Graduate School of Medical and Dental Science, Niigata, Japan

J Periodontal Res. 2018 Mar 8. https://www.ncbi.nlm.nih.gov/pubmed/?term=29516504

Reply: Medical science is based on facts and evidence

M% : RPFHEFEE L ET v 22D

Spronck B, Avolio A, Tan 12, Butlin M, Reesink K, Delhaas T,; Department of Biomedical Engineering, CARIM School for Cardiovascu-
lar Diseases, Maastricht University, Maastricht, The Netherlands.

J Hypertens. 2018 Apr; 36(4): 960-962 https://www.nchi.nlm.nih.gov/pubmed/?term=29489620

Medical science is based on evidence (answer to Spronck et al.’s refutation: physics cannot be disputed)

i3 7 v Z2#9 < (Spronck et al @ G~ DE% : YWHETRHBRTE W)

Kohji Shirai, Masanobu Takata, Akira Takahara, Kazuhiro Shimizu,; Mihama Hospital, Mihama-Ku, Chiba Prefecture, Japan
] Hypertens. 2018 Apr; 36(4): 958-960 https://www.ncbi.nlm.nih.gov/pubmed/?term=29489619

Screening Validity of Arterial Pressure-Volume Index and Arterial Velocity-Pulse Index for Preclinical Atherosclerosis in Japanese
Community-Dwelling Adults: the Nagasaki Islands Study

H A @ M A A O RTEEIR I 7 7 1 — A MBI IREAL 203 2 BIIRE AR TR 5 & B IR AR Fe Bz X B A~
==V 7 ORL4
Yamanashi H, Koyamatsu J, Nagayoshi M, Shimizu Y, Kawashiri SY, Kondo H, Fukui S, Tamai M, Maeda T.,; Department of Island and

Community Medicine, Nagasaki University Graduate School of Biomedical Sciences, Japan
J Atheroscler Thromb. 2018 Feb 3 https://www.jstage.jst.go.jp/article/jat/advpub/0/advpub_43125/_pdf/-char/en
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