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Background: Carotid artery intima medial thickness (IMT), brachial-ankle pulse wave velocity (baPWV), and ankle-brachial in-
dex (ABI) are commonly used surrogate markers of subclinical atherosclerosis in patients with type 2 diabetes mellitus (T2DM).
The cardio-ankle vascular index (CAVI) is a complement to the baPWV, which is affected by blood pressure. However, it is un-
clear which marker is the most sensitive predictor of atherosclerotic cardiovascular disease (ASCVD).

Methods: This was a retrospective non-interventional study that enrolled 219 patients with T2DM. The correlations among IMT,
ABI, and CAVT as well as the relationship of these tests to the 10-year ASCVD risk were also analyzed.

Results: Among the 219 patients, 39 (17.8%) had ASCVD. In the non-ASCVD group, CAVI correlated significantly with IMT af-
ter adjusting for confounding variables, but ABI was not associated with CAVI or IMT. The analyses after dividing the non-AS-
CVD group into three subgroups according to the CAVI score (<8, 28 and <9, and >9) demonstrated the significant increase in
the mean IMT, 10-year ASCVD risk and number of metabolic syndrome risk factors, and decrease in the mean ABI in the high-
CAVI group. A high CAVI was an independent risk factor in the non-ASCVD group for both a high 10-year ASCVD risk
(=7.5%; odds ratio [OR], 2.42; P<0.001) and atherosclerosis (mean IMT >1 mm; OR, 1.53; P=0.007).

Conclusion: In Korean patients with T2DM without ASCVD, CAVI was the most sensitive of several surrogate markers for the

detection of subclinical atherosclerosis.
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INTRODUCTION

Chronic complications of type 2 diabetes mellitus (T2DM) can
be divided into macrovascular complications, including cardio-
vascular, cerebrovascular, and peripheral arterial disease, and
microvascular complications, most commonly, retinopathy,
nephropathy, and neuropathy. The increasing incidence of
these chronic complications has been accompanied by an in-
crease in the mortality rate among diabetic patients [1,2]. In
Korea, the prevalence of myocardial infarction, cerebrovascular
disease, cataracts, and glaucoma is higher in diabetic patients

than in the normal population according to the Korean Na-
tional Diabetes Program [3]. Annual screening for the micro-
vascular and macrovascular complications of diabetes has thus
been recommended to allow early detection and treatment.
Atherosclerosis is the most prominent manifestation of car-
diovascular disease, and atherosclerotic vascular changes lead
to diabetic microvascular complications [4,5]. As demonstrat-
ed in several studies, the development of several surrogate
markers of subclinical atherosclerosis, including the carotid
artery intima medial thickness (IMT), ankle-brachial index
(ABI), and pulse wave velocity (PWV), have contributed to the
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prevention of chronic diabetic complications [6-8]. IMT,
which is measured by ultrasonography, reflects early athero-
sclerosis and vascular remodeling status. ABI is calculated by
measuring upper- and lower-extremity blood pressure, and
PWYV is calculated by non-invasive evaluations of the velocity
of a pulse wave traveling between two defined points in a blood
vessel. Because PWV is significantly affected by blood pres-
sure, an arterial stiffness index, the cardio-ankle vascular index
(CAVI), is used to compensate for the weakness of PWYV, and
its utility has been well demonstrated [9,10]. However, the var-
ious tests conducted to evaluate T2DM-related complications
are often economically burdensome for patients. Studies of the
correlation of these surrogate markers and determination of a
single marker that best detects subclinical atherosclerosis
would therefore be of value. In this study we analyzed the cor-
relation between surrogate markers of subclinical atheroscle-
rosis and their optimal use in diabetic patients. The same
markers were also examined for their relationship to 10-year
atherosclerotic cardiovascular disease (ASCVD) risk.

METHODS

Study population

This study was conducted with 312 patients with T2DM who
visited the Department of Endocrinology and Metabolism,
Kyung Hee University Hospital, between July 2010 and De-
cember 2011. Patients 18 years of age or older diagnosed with
T2DM who underwent IMT, ABI, and CAVI tests were in-
cluded in the study. Patients in whom at least one of the tests
was not performed were excluded, as were patients with severe-
ly compromised renal function (creatinine levels >1.6 mg/dL,
overt proteinuria >1 g/day) or a history of cancer or depres-
sion. Thus, the final study population consisted of 219 patients.

Study design

This retrospective non-interventional study was conducted
based on medical records; specifically, we reviewed patients’
medical history and examination records. Baseline clinical
characteristics included age, sex, physical examination results,
smoking and alcohol consumption habits, exercise, and co-
morbidities. Biochemical examinations included complete
blood counts; tests for liver enzyme, blood urea nitrogen, gly-
cosylated hemoglobin, and creatinine levels; and lipid profiles.
Tests for diabetes mellitus (DM) complications included the
urinary albumin creatinine ratio, which is used to screen for
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microvascular complications, and the IMT, ABI, and CAVI
tests, which are used to screen for macrovascular complica-
tions. We analyzed both the correlation among the latter three
surrogate markers and the association between each one and
the ASCVD risk or the presence of factors indicative of meta-
bolic syndrome. The ASCVD was defined as coronary death or
nonfatal myocardial infarction or as fatal or nonfatal stroke.
Metabolic syndrome was defined according to the criteria pro-
posed by the National Cholesterol Education Program’s Adult
Treatment Panel III (NCEP ATP III) [11]. The risk factors for
metabolic syndrome include waist circumference 290 cm in
men and >80 cm in women, fasting blood glucose >110 mg/dL,
high density lipoprotein cholesterol (HDL-C) <50 mg/dL in
women and <40 mg/dL in men, triglyceride >150 mg/dL, and
blood pressure (systolic blood pressure =130 mm Hg, diastolic
blood pressure =85 mm Hg).

Measurement of carotid artery IMT

A single skilled sonographer measured IMT using a high-reso-
lution real-time B mode ultrasonography (HD11XE; Philips,
Bothell, WA, USA) fitted with a linear 5- to 12-MHz probe.
After the patient was stabilized in the supine position for ap-
proximately 10 minutes, the test was performed with the pa-
tient’s head turned in the opposite direction from the examin-
er. IMT was measured at the far wall of the common carotid
artery, 10 mm proximal to the bulb, and was defined as the dis-
tance between the lumen-intima interface and the media-ad-
ventitia interface. An absolute IMT value >1 mm was defined
as atherosclerosis [12,13]. A plaque was defined as a focal
structure encroaching into the arterial lumen by 50% of the
surrounding IMT value or demonstrating a thickness >1.2
mm. IMT and plaque features were analyzed using Intima-
Scope version 1.13E (Media Cross Co. Ltd., Tokyo, Japan).
Mean and maximal IMT were measured on the left and right
sides, and the larger set of values was included in the analysis.

Measurement of ABI and CAVI

The ABI and CAVI were measured using the VaSera VS-1000
(Fukuda Denshi Co. Ltd., Tokyo, Japan). After the patient had
been stabilized in the supine position for 5 minutes, blood
pressure at the posterior tibial and brachial arteries was mea-
sured. Dividing the ankle systolic blood pressure by the arm
systolic blood pressure yielded the ABIL A value <0.9 was in-
terpreted as lower-limb arterial occlusion; that between 0.9 and
1.3 was interpreted as normal; and that >1.3 was interpreted as
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lower-extremity arterial calcification and stiffness. The right
and left sides were measured, and the value closer to 0.9 was
used for the analysis. Four blood pressure cuffs were wrapped
on the four extremities to measure the CAVI. Electrocardiog-
raphy electrodes were attached to both arms, and a micro-
phone was placed on the sternum in the second intercostal
space. After the patient had been stabilized in the supine posi-
tion for 10 minutes, electrocardiography and phonocardiogra-
phy were monitored. CAVI was calculated using Bramwell-
Hill’s equation [14]: CAVI=a[(2p/AP) xIn(Ps/Pd)PWV2]+b,
where Ps’ is the systolic blood pressure; ‘Pd’ is the diastolic
blood pressure; ‘AP’ is Ps—Pd; PWV is the cardio-ankle pulse
wave velocity; ‘p’ is the blood viscosity; and ‘@ and ‘b’ are the
constants for converting the CAVI value to a value obtained
using the Hasegawa method. A CAVI value <8 was interpreted
as a mild risk of atherosclerosis; that between 8 and 9 was in-
terpreted as a moderate risk of atherosclerosis; and that >9 was
interpreted as a high risk of atherosclerosis. The higher of the
measured right and left CAVI values was used for the analysis.

ASCVD risk assessment

The patients were divided into ASCVD and non-ASCVD
groups according to their history of ASCVD. The medical his-
tory documented in the records was used to assign patients to
the groups. In the non-ASCVD group, the cardiovascular
morbidity and mortality risks were estimated according to the
10-year ASCVD risk protocol suggested by the 2013 American
College of Cardiology/American Heart Association (ACC/
AHA) guideline and based on the Pooled Cohort Equations as
well as the work of Lloyd-Jones. This algorithm was published
in the 2013 ACC/AHA guideline on the assessment of cardio-
vascular risk [15]. The estimate of 10-year ASCVD risk was
based on sex, age, race (two groups: African-Americans and
Caucasians or others), total cholesterol, HDL-C, systolic blood
pressure, treatment for hypertension, history of DM, and
smoking history.

Statistical analysis

All data are expressed as numbers with proportions for cate-
gorical variables or as mean * standard deviation for numerical
variables. Differences in the means of the different groups were
analyzed using the chi-square test for categorical variables and
Student #-test or analysis of variance (ANOVA) for continuous
variables. Tukey and Dunnett T3 methods were used for post
hoc analysis. Spearman correlation analysis was used to ana-
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lyze the relationship among ABI, IMT, and CAVI. A multivari-
ate logistic regression analysis was performed to evaluate the
utility of CAVI as a surrogate marker for atherosclerosis (mean
IMT =1 mm) and a high (27.5%) 10-year ASCVD risk in the
non-ASCVD group. The sensitivity and specificity of a high
10-year ASCVD risk (27.5%) in the non-ASCVD group were
analyzed using a conventional receiver operating characteristic
(ROCQ) curve. The statistical analyses were carried out using
PASW version 20.0 software (IBM Co., Armonk, NY, USA). A
P<0.05 was considered to indicate statistical significance.

Ethics statement

Approval for this study was obtained from the Institutional
Review Board of Kyung Hee University Hospital (KMC IRB
1129-02). An informed consent was waived due to a retrospec-
tive study.

RESULTS

Baseline clinical characteristics

Table 1 shows the baseline clinical characteristics of the pa-
tients. The mean age was 58.8+9.7 years, and the mean dura-
tion of DM was 9.0+6.7 years. Patients in the ASCVD group
(62.0+9.9 years; n=39, 17.8%) were significantly older than
those in the non-ASCVD group (58.1+9.5 years; n=180,
82.2%; P=0.022) and had a significantly higher BMI and waist
circumference than the non-ASCVD group (26.4+2.4 kg/m’
vs. 25.3+3.3 kg/mz, P=0.049; 95.3£11.9 cm vs. 89.5+8.5 cm,
P<0.05, respectively). The differences in the triglyceride and
HDL-C levels were not significant, but the low density lipopro-
tein cholesterol (LDL-C) and apolipoprotein B levels were low-
er in the ASCVD than in the non-ASCVD group (85.9£29.5
mg/dL vs. 99.4+32.3 mg/dL and 87.7+19.3 mg/dL vs. 96.5+
24.0 mg/dL, respectively; P<0.05). The use of lipid-lowering
agents was more common in the ASCVD than in the non-AS-
CVD group (P<0.001), and the mean CAVI (8.8+1.4 vs. 8.1+
1.3, P=0.004), mean IMT (1.12+£0.28 mm vs. 0.99+0.21 mm,
P=0.009), and maximal IMT (1.40+0.35 mm vs. 1.26+0.29
mm, P=0.006) were higher in the ASCVD than in the non-
ASCVD group.

Clinical characteristics according to CAVI in the non-
ASCVD group

The non-ASCVD group was divided into three subgroups ac-
cording to the CAVL: low (CAVI <8, n=92), moderate (8<
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Table 1. Baseline clinical characteristics

Characteristic Total ASCVD Non-ASCVD Pvalue
(n=219) (n=39) (n=180)

Age, yr 58.8£9.7 62.0£9.9 58.1+9.5 0.022
Sex 0.876

Men 126 (57.5) 22 (56.4) 104 (57.8)

‘Women 93 (42.5) 17 (43.6) 76 (42.2)
Height, cm 162.3£8.8 160.1£7.8 162.8+8.9 0.080
Weight, kg 67.3+11.2 67.9£10.7 67.1£11.3 0.686
Body mass index, kg/m’ 25.5+3.2 264+2.4 253+3.3 0.049
Waist circumference, cm 90.6+9.4 95.3+11.9 89.5+8.5 <0.001
Duration of diabetes mellitus, yr 9.0£6.7 9.4+6.7 8.8+6.7 0.615
Past medical history <0.001

Hypertension 144 (65.8) 35(89.7) 109 (60.6)

Cardiovascular disease 13(5.9) 13(5.9) -

Cerebral vascular disease 28 (12.8) 28 (12.8) -
Medication history

Antihypertensive agents 144 (65.8) 35(89.7) 109 (60.6) <0.001

Antiplatelet agents 121 (55.3) 33(84.6) 88(48.9) <0.001

Lipid lowering agents 124 (56.6) 32(82.1) 92 (51.1) <0.001
Smoking 43 (19.6) 10 (25.6) 33(18.3) 0.298
Drinking 33(15.1) 8(20.5) 25(13.9) 0.294
Exercise 0.727

<Twice per a week 101 (46.1) 17 (43.6) 84 (46.7)

>Twice per a week 118 (53.9) 22 (56.4) 96 (53.3)
Systolic blood pressure, mm Hg 128+14 130+13 127+14 0.356
Diastolic blood pressure, mm Hg 77+10 79+13 77+10 0.391
Heart rate, beat/min 76+12 73+14 76+12 0.139
WBC, x1,000/pL 7.00+2.12 6.99+1.90 7.00+£2.17 0.976
GOT, IU/L 25.5+£18.6 23.7+£8.7 25.9+20.2 0.497
GPT, IU/L 253+18.3 229+11.9 259+19.4 0.367
GGT, IU/L 45.6+60.7 54.1+60.4 43.8+60.8 0.350
HbAlc, % 74x13 74+1.5 74+12 0.988
Total cholesterol, mg/dL 164.5+45.9 158.9+34.8 172.8+35.5 0.027
Triglyceride, mg/dL 151.6+£108.3 172.0+£121.6 148.3+£108.0 0.226
HDL-C, mg/dL 51.7£15.3 48.1+12.3 51.6x13.1 0.134
LDL-C, mg/dL 96.9+£23.4 85.9£29.5 99.4+32.3 0.018
BUN, mg/dL 15.1£4.0 15.5+4.9 15.0£3.7 0.493
Creatinine, mg/dL 0.8£0.2 0.8£0.2 0.7£0.2 0.072
eGFR, mL/min/1.73 m? 109.1+£30.0 99.8+30.5 111.1£29.6 0.037
hsCRP, mg/L 1.4£29 1.2£19 1.5£3.0 0.580
Microalbuminuria, mg/day 42.2+87.8 48.2+£80.0 40.9£89.5 0.650

288

Diabetes Metab ] 2018;42:285-295

(Continued to the next page)

http://e-dmj.org



Cardio-ankle vascular index in Korean diabetes

Table 1. Continued

Characteristic Total ASCVD Non-ASCVD Pvalue
(n=219) (n=39) (n=180)

CAVI 82+14 8.8+14 8.1+1.3 0.004
CAVI <8 103 (47.0) 11(28.2) 92 (51.1) 0.012
8§<CAVI<9 62 (28.3) 12 (30.8) 50 (27.8)

CAVI >9 54 (24.7) 16 (41.0) 38 (21.1)

ABI 1.1£0.1 1.1£0.2 1.1£0.1 0.108
ABI <09 3(1.4) 2(5.1) 1(0.6) 0.026
0.9<ABI<1.3 216 (98.6) 37(94.9) 179 (99.4)

ABI>1.3 0 0 0

Mean IMT, mm 1.01£0.23 1.12£0.28 0.99+0.21 0.009

Maximal IMT, mm 1.28+0.30 1.40£0.35 1.26+0.29 0.006

Atherosclerosis
Mean IMT >1 mm 107 (48.9) 26 (66.7) 81 (45.0) 0.014
Maximal IMT >1 mm 154 (83.3) 36 (92.3) 152 (84.4) 0.202
Mean IMT >1 mm or with plaque 158 (72.1) 34(87.2) 124 (68.9) 0.021
Maximal IMT >1 mm or with plaque 201 (91.8) 39 (100) 162 (90.0) 0.039

Plaque 154 (70.3) 34 (87.2) 120 (66.7) 0.011

Metabolic syndrome 189 (86.3) 39 (100) 150 (83.3) 0.006
Number of risk factor 3.1+1.0 4.0+0.7 3.3£1.0 <0.001

Values are presented as mean + standard deviation or number (%). For P<0.05 with student -test and chi-square test.

ASCVD, atherosclerotic cardiovascular disease; WBC, white blood cell; GOT, glutamate oxaloacetate transaminase; GPT, glutamate pyruvate
transaminase; GGT, y-glutamyltransferase; HbA lc, glycosylated hemoglobin; HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; hsCRP, high-sensitivity C-reactive protein; CAVT,
cardio-ankle vascular index; ABI, ankle-brachial index; IMT, intima media thickness.

CAVI<9, n=50), and high (CAVI 29, n=38). The clinical
characteristics of the groups were compared using an ANOVA
and a chi-square test (Table 2). Age, blood pressure, history of
hypertension, and use of anti-hypertensive agents were elevat-
ed in the high-CAVI group (P<0.05). Mean IMT (0.94£0.18
mmvs. 1.00£0.20 mm vs. 1.09+0.27 mm, P=0.001) and max-
imal IMT (1.21+£0.27 mm vs. 1.26+0.28 mm vs. 1.37+0.31
mm, P=0.012) increased with increasing CAVI, as did the
presence of atherosclerotic plaques (51.1% vs. 80.0% vs. 86.8%
in the low, moderate, and high subgroups, respectively). There
were no differences in the LDL-C and triglyceride levels
among the three groups, but the HDL-C levels were lowest in
the high CAVI group (50.3+12.1 mg/dL vs. 56.3+14.8 mg/dL vs.
48.4+11.7 mg/dL, P=0.008). ABI was also lowest in the high
CAVI group (1.12£0.07 vs. 1.11£0.07 vs. 1.08£0.08, P=0.013).
The 10-year ASCVD risk (10.1%+8.4% vs. 14.0%+9.2% vs.
26.9%+16.3%, P<0.001) and prevalence of metabolic syn-
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drome (63.0% vs. 68.0% vs. 86.5%, P=0.032) increased in pro-
portion to the CAVI score.

Correlations among CAVT, IMT, and ABI and association
with the 10-year ASCVD risk

Table 3 shows the correlations among the CAVI, IMT, and
ABI. CAVI was correlated with both the IMT and the ABI in
all diabetic patients (P<0.05), whereas there was no correla-
tion between ABI and IMT. In the non-ASCVD group, only
the correlation between CAVI and IMT was significant. An
additional analysis was conducted in the non-ASCVD group
to determine the correlation between each surrogate marker of
subclinical atherosclerosis and the 10-year ASCVD risk score
or the number of metabolic syndrome risk factors. The results
showed that ABI was not associated with either the 10-year
ASCVD risk score or the number of metabolic syndrome risk
factors, whereas CAVI and IMT were correlated with the 10-
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Table 2. The comparison of clinical characteristics according to the CAVI in the non-ASCVD group

Characteristic CAVI <8 8<CAVI<9 CAVI 29 Palue
(n=92) (n=50) (n=38)

Age, yra'b’C 53.0£8.9 61.4%6.1 66.3£7.0 <0.001
Sex 0.139

Men 57 (62.0) 23 (46.0) 24(63.2)

‘Women 35(38.0) 27 (54.0) 14 (36.8)
Height, cm® 164.5£8.0 160.5£9.6 161.8+9.3 0.030
Weight, kg 70.3+11.7 64.3+10.2 63.249.6 <0.001
Body mass index”, kg/m? 259+34 249+32 24.1+2.8 0.014
Waist circumference, cm 89.8+8.9 89.4+8.9 89.1+86.9 0912
Duration of diabetes mellitus, yr 8.0+£5.5 8.2+6.2 11.7+9.0 0.072
Hypertension 49 (53.3) 31 (62.0) 29 (76.3) 0.049
Medication history

Antihypertensive agents 49 (53.3) 31(62.0) 29 (76.3) 0.049

Antiplatelet agents 42 (45.7) 24 (48.0) 22(57.9) 0.442

Lipid lowering agents 48 (52.2) 23 (46.0) 21 (55.3) 0.662
Smoking 19 (20.7) 8 (16.0) 6 (15.8) 0.713
Drinking 13 (14.1) 5(10.0) 7(18.4) 0.525
Exercise 0.720

<Twice per a week 44 (47.8) 21 (42.0) 19 (50.0)

>Twice per a week 48 (52.2) 29 (58.0) 19 (50.0)
Systolic blood pressure, mm Hg" 125+13 126+13 136+15 <0.001
Diastolic blood pressure, mm Hg 78+10 75+10 79+9 0.060
Heart rate, beat/min° 76+12 73+11 80+13 0.024
WBC, x1,000/pL 6.70+£1.96 7.36+2.58 7.24%2.00 0.182
GOT, IU/L? 29.4+27.3 21.5£5.0 23.4+7.8 0.024
GPT, IU/L*® 30.6+24.8 19.9+8.0 22.3+10.7 0.002
GGT, IU/L 51.1£79.8 32.2+25.5 40.7+30.6 0.220
HbAlc, % 7.3+£1.2 73£1.3 7.7+1.1 0.165
Total cholesterol, mg/dL 173.4+354 173.8+36.1 169.8+35.7 0.845
Triglyceride, mg/dL 157.74123.2 127.4+98.2 15324743 0.267
HDL-C, mg/dL** 50.3+12.1 56.3+14.8 48.4+11.7 0.008
LDL-C, mg/dL 100.0+£31.4 98.9£35.5 98.2+30.9 0.953
BUN, mg/dL 14.6+3.4 15.3+4.5 154+3.4 0.368
Creatinine, mg/dL 0.75+0.19 0.70£0.22 0.75£0.20 0.376
hsCRP, mg/L 1.1£1.8 1.8+£2.7 2.0£5.1 0.251
Microalbuminuria, ug/mg Cr 30.5+67.1 31.4+88.7 78.6+£123.9 0.083
ABI® 1.12+0.07 1.11+0.07 1.08£0.08 0.013

ABI <0.9 0 0 1(2.6) 0.153

0.9<ABI<1.3 92 (100) 50 (100) 37(97.4)
Mean IMT, mm® 0.94+0.18 1.00£0.20 1.09£0.27 0.001

(Continued to the next page)
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Characteristic CAVI <8 8<CAVI<9 CAVI >9 Palue
(n=92) (n=50) (n=38)
Maximal IMT, mm® 1.21+0.27 1.26+0.28 1.37+0.31 0.012
Atherosclerosis
Mean IMT >1 mm 31(33.7) 26 (52.0) 24 (63.2) 0.005
Maximal IMT >1 mm 74 (80.4) 41 (82.0) 37(97.4) 0.045
Mean IMT >1 mm or with plaque 50 (54.3) 40 (80.0) 34(89.5) <0.001
Maximal IMT >1 mm or with plaque 79 (85.9) 45 (90.0) 38 (100) 0.051
Plaque 47 (51.1) 40 (80.0) 33 (86.8) <0.001
Metabolic syndrome 58 (63.0) 34 (68.0) 32(86.5) 0.032
Number of risk factor® 3.2+1.0 3.2+1.0 3.7+0.7 0.007
10-Year ASCVD risk, %" 10.1+8.4 14.0£9.2 26.9+16.3 <0.001

Values are presented as mean +standard deviation or number (%). For P<0.05 with chi-square test. For post hoc tests, Tukey method in case of
equal variance satisfied, and otherwise, Dunnett T3 method.

CAVT, cardio-ankle vascular index; ASCVD, atherosclerotic cardiovascular disease; WBC, white blood cell; GOT, glutamate oxaloacetate trans-
aminase; GPT, glutamate pyruvate transaminase; GGT, y-glutamyltransferase; HbA ¢, glycosylated hemoglobin; HDL-C, high density lipopro-
tein cholesterol; LDL-C, low density lipoprotein cholesterol; BUN, blood urea nitrogen; hsCRP, high-sensitivity C-reactive protein; ABI, ankle-

brachial index; IMT, intima media thickness.

*P<0.05 between mild and moderate, "P<0.05 between mild and high, “P<0.05 between moderate and high.

Table 3. Correlations among CAVI, IMT, and ABI, and the association of 10-year ASCVD risk

Total subjects Non-ASCVD

Variable

ABI CAVI Mean IMT, mm ABI CAVI Mean IMT, mm Maximal IMT, mm
CAVI -0.184* -0.138
Mean CA IMT, mm -0.089 0.364° -0.022 0.338°
Maximal CA IMT, mm -0.065 0.338" 0.929° -0.004 0.302° 0.919°
10-Year ASCVD risk -0.034 0.481° 0.346° 0.291°
Numbers of MS risk factors -0.099 0.141 0.168* 0.176*

CAV], cardio-ankle vascular index; IMT, intima media thickness; ABI, ankle-brachial index; ASCVD, atherosclerotic cardiovascular disease;

CA, carotid artery; MS, metabolic syndrome.
Spearman’s correlation analysis, *P<0.05, ®P<0.001.

year ASCVD risk score. The highest correlation coefficient was
that for CAVI. IMT was correlated with the number of meta-
bolic syndrome risk factors.

The value of CAVI for predicting ASCVD

After an adjustment for confounding factors, CAVI was identi-
fied as an independent risk factor for ASCVD and atheroscle-
rosis (Table 4). Therefore, we analyzed the value of CAVT for
predicting both the prevalence of ASCVD in all diabetic pa-
tients and the risk of ASCVD and atherosclerosis in diabetic
patients without a history of ASCVD. The odds ratio (OR) of
CAVI for ASCVD prevalence in all patients was 1.38 (95%

http://e-dmj.org ~ Diabetes Metab J 2018;42:285-295

confidence interval [CI], 1.06 to 1.80; P=0.017). In the non-
ASCVD group, the OR of CAVT for the high 10-year ASCVD
risk group (=7.5%) was 2.42 (95% CI, 1.64 to 3.58; P<0.001).
Based on a definition of atherosclerosis as a mean IMT >1
mm, the OR of CAVT for atherosclerosis in the non-ASCVD
group was 1.53 (95% CI, 1.12 to 2.08; P=0.007).

To detect the prevalence of ASCVD in all patients, the cut-
off values and areas under the curve (AUCs) were determined
for CAVI, ABIL and IMT. For CAV], the cut-off was 8.05 with
an AUC of 0.66; for ABI, the values were 1.08 and 0.39, respec-
tively; for mean IMT, they were 0.995 and 0.64, respectively;
and for maximal IMT, they were 1.225 and 0.63, respectively
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Table 4. The value of CAVI to predict the ASCVD

CAVI Pvalue
Total subjects
Model 1 (ASCVD)* 1.38 (1.06-1.80) 0.017
Non-ASCVD group
Model 2 (atherosclerosis [mean IMT >1 mm])° 1.53 (1.12-2.08) 0.007
Model 3 (high 10-year ASCVD risk [>7.5%])° 2.42 (1.64-3.58) <0.001

Values are presented as 3 (95% confidence interval). Multivariable logistic regression analysis, P<0.05.

CAVT, cardio-ankle vascular index; ASCVD, atherosclerotic cardiovascular disease; IMT, intima media thickness.

*Model 1: adjusted by age, gender, diabetes mellitus (DM) duration, body mass index (BMI), smoking, lipid lowering agents, and antihyperten-
sive agents, "Model 2: adjusted by age, gender, DM duration, BMI, smoking, lipid lowering agents, and antihypertensive agents, “Model 3: ad-

justed by DM duration, BMI, and lipid lowering agents.

The prevalence of ASCVD in total subjects
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Fig. 1. The utility of cardio-ankle vascular index (CAVI), ankle-brachial index (ABI), mean intima medial thickness (IMT), and
maximal IMT for predicting the prevalence of atherosclerotic cardiovascular disease (ASCVD) in all subjects (A), and 10-year
ASCVD risk scores in subjects without ASCVD (B). CA, carotid artery.

(Fig. 1A). To detect a high risk of 10-year ASCVD in the non-
ASCVD group, the cut-off value was 7.65 with an AUC of 0.74
for CAVI, 1.11 with an AUC of 0.53 for ABI, 0.925 with an
AUC of 0.70 for mean IMT, and 1.165 with an AUC of 0.68 for
maximal IMT (Fig. 1B).

DISCUSSION

This study analyzed the correlations among three surrogate
markers of subclinical atherosclerosis and demonstrated the
superiority of CAVI. Diabetic patients with a history of AS-
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CVD were more likely to be older, more obese, and to have a
high CAVI and IMT. Among diabetic patients without a histo-
ry of ASCVD, CAVI was correlated with IMT, whereas ABI
was not associated with either CAVI or IMT. Thus, whereas
CAVI and IMT reflect systemic atherosclerosis, ABI is an indi-
cator of peripheral artery disease of the lower extremities and
therefore of local significance. In the ROC curve analysis,
among the three surrogate markers, CAVI was of the greatest
utility for evaluating the prevalence of ASCVD in both all pa-
tients and in the potential high ASCVD risk group. In the non-
ASCVD group, the 10-year ASCVD risk was >7.5%. Addi-
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tionally, age, IMT, prevalence of metabolic syndrome, number
of metabolic syndrome risk factors, and 10-year ASCVD risk
were all significantly higher in the high CAVI group (CAVI
>9). After adjusting for confounding factors, a high CAVI was
a risk factor for ASCVD in all patients as well as a risk factor
for atherosclerosis in the non-ASCVD group based on the
mean IMT and a high (27.5%) 10-year ASCVD risk. Accord-
ing to this result, CAVI is the most sensitive surrogate marker
of subclinical atherosclerosis.

The utility of CAVT has been extensively studied in Japan. In
the study performed by Izuhara et al. [16], a high CAVI indi-
cated the progression of carotid and coronary artery arterio-
sclerosis, and CAVI was more closely linked with arterioscle-
rosis than was brachial-ankle PWV. Takenaka et al. [17] dem-
onstrated the utility of CAVI for predicting cardiovascular dis-
ease in patients undergoing hemodialysis, and Mineoka et al.
[18] reported a positive correlation between CAVT and the
coronary artery calcification score determined by multislice
computed tomography in patients with T2DM. Similar studies
have been conducted in Korean and Caucasian patients [19-
21]. Our results showed a strong correlation between CAVI
and IMT and thus the utility of the CAVI as a surrogate marker
of ASCVD. However, unlike other studies, we found a weak
correlation between CAVI and ABI. This was probably due to
the larger number of patients with an ABI <0.9 (at least 1.5%
of all subjects) in previous studies than in our study, in which
only three of the 219 patients had an ABI <0.9. Nonetheless,
our results showed that, among the three surrogate markers of
subclinical atherosclerosis, CAVI had the highest sensitivity
and specificity. Additionally, we identified an association be-
tween a high CAVI and both a higher 10-year ASCVD risk
score and a larger number of metabolic syndrome risk factors.
Although there may be limitations in directly comparing the
10-year ASCVD risk calculated according to the 2013 ACC/
AHA guidelines with the CAVI, ABI, and IMT values, because
they may be affected by genetic background and complication
progress, the three markers could be used complementarily to
assess cardiovascular risk.

Limitations in the utility of the traditional surrogate markers
of subclinical atherosclerosis have been suggested in several
studies. The sensitivity and specificity of ABI decreases in dia-
betic patients due to higher rates of medial arterial calcification
[22]. Despite several studies in which IMT was used as a surro-
gate marker of cardiovascular disease and atherosclerosis
[8,13,23], limitations in this method have been suggested be-
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cause the value of this variable may increase for reasons not re-
lated to atherosclerosis, such as smooth muscle cell hyperplasia
or fibrocellular hypertrophy [24]. Moreover, it is difficult to
evaluate the vulnerability of a carotid artery plaque by ultraso-
nography. For this reason, the 2013 ACC/AHA guideline did
not support routine carotid artery IMT as a risk assessment for
an ASCVD event, regardless of initial risk stratification by tra-
ditional methods. IMT was therefore downgraded from a class
IIa (reasonable) to a class III (none) benefit [25]. Given the
limitations of these surrogate markers and the high medical
costs incurred by diabetic patients, our demonstration of a
strong correlation between CAVT and traditional surrogate
markers of subclinical atherosclerosis as well as the superiority
and utility of CAVI is meaningful. Our results are also sup-
ported by studies reporting the value of CAVT as a clinical
marker for carotid and coronary arteriosclerosis screening and
as a parameter for the prediction of disease severity and early
stage left ventricular diastolic stiffness [26,27]. In our study,
CAVI, which reflects the stiffness of the thoracic, abdominal,
common iliac, and distal arteries and their involvement in ar-
teriosclerosis, was more representative of systemic arterioscle-
rosis than was IMT, which reflects carotid artery status, and
ABI, an indicator of reflects lower-extremity status. This find-
ing explains the superiority of CAVI as a marker. CAVI is also
more valuable than PWV because it is not affected by changes
in blood pressure in response to the confounding environmen-
tal and psychological factors associated with the examination
itself; rather, it reflects autonomic nervous system function, in-
cluding vasoconstriction [10]. The superior clinical value of
CAVIvs. PWV was also reported previously [16].

However, one limitation of CAVTI is that, although the for-
mula to calculate it is based on the assumption that vascular
diameter, blood pressure, and the elasticity from the aortic
valve to the ankle are constant, this is not always the case. Oth-
er limitations of our study included its inclusion of patients
from a single tertiary medical institution, which could limit the
generalizability of the results. Multicenter, large-scale studies
are therefore needed. Additionally, a 10-year ASCVD risk as-
sessment model (pooled cohort equation) based on the 2013
ACC/AHA guideline and developed for non-Hispanic Cauca-
sian and African-American populations suggested that the risk
factors differ for Asians and are thus not more broadly applica-
ble. Moreover, only patients 40 to 75 years of age were included
in our model. Risk factors are commonly measured in this age
group but not in older or younger patients. Also, there are cur-
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rently very few ASCVD-risk equations suitable for Asians. The
Korean Risk Prediction Model for ASCVD published by Jung
et al. [28] has several limitations regarding its general use. Un-
like the latter, although CAVI compensates for the weakness of
the PWYV, its use has not been validated for the Korean popula-
tion. Our study thus provides important evidence of the utility
of the CAVI as a new screening option.

In conclusion, CAVI was positively correlated with both the
10-year ASCVD risk and IMT and was the most sensitive of
the tested surrogate markers for the detection of subclinical
atherosclerosis in Korean diabetic patients without ASCVD.
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