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Relationship of Carotid Intima-MediaThickness, Pulse\Wave Ve ocity, and
AnkleBrachid Index to the Severity of Coronary Artery Atherosclerosis
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Summary

Background: Carotid intima-media thickness (IMT),
pulse wave velocity (PWV), and the ankle brachial index
(ABI) arewidely used noninvasive modalitiesfor evaluating
atherosclerosis.

Hypothesis: Theaim of thisstudy wasto determinethere-
lationship of carotid IMT, PWV, and ABI with the severity of
coronary artery disease (CAD), expressed as the Gensini
score, and the presence of coronary risk factors.

Methods: We examined 205 consecutive patients (mean
age 65 + 12 years) who were clinically suspected of having
CAD and were scheduled to undergo coronary angiography.
Carotid intimamedia thickness, brachia-ankle PWV
(baPWV), and ABI weremeasuredin all subjectsbeforethey
underwent coronary angiography.

Results: Of the 205 patients, 124 patientswerediagnosed as
having CAD based onthe presence of >50% stenosisinama-
jor coronary artery; the remaining 81 patients did not have
CAD. A rdatively good correl ation was obtained between ca-
rotid IMT and the Gensini score (R = 0.411, p<0.0001),
whereas baPWV corrdated only weakly with the Gensini
score (R=0.203, p=0.0035), and ABI did not correlatewith
it. A multiple regression analysis revealed that the Gensini
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score correlated significantly and independently with age,
malegender, and carotid IMT.

Conclusions: Of the three noninvasive methods, carotid
IMT may be more useful for determining coronary artery
atherosclerosisthanbaPWV or ABI.

Key words: atherosclerosis, intima-media thickness, pulse
waveve ocity, ankle-brachia index, coronary artery disease

Introduction

The development of atherosclerosis consists of structural
and functional changes. High-resol ution B-mode ultrasound
has facilitated the noninvasive assessment of structura
changes in the arterid wall, measured as the intima-media
thickness (IMT).1 The IMT of the carotid artery correlates
strongly with the presence and extent of coronary artery dis-
ease (CAD).2 3 In addition, thecarotid IMT isreportedly as-
sociated with cardiovascular and cerebrovascular events?
Aortic gtiffnessisalso animportant aspect of atherosclerosis
related to vessdl function that can be evaluated noninvasively
by measuring the pulse wave velocity (PWV), which isre-
portedly associated with the severity of vascular damage® and
the prognosis of cardiovascular disease in hypertensive pa-
tients.® Recently, brachial-ankle PWV (baPWV) measure-
ments have become possible;”- 8 these measurementsare easi-
er to obtain than the conventional carotid-femoral PWV. The
baPWV has aso been reported to be amarker of atheroscle-
rotic vascular damage and cardiovascular risk.? The ankle
brachial index (ABI) is another noninvasive method used to
assess the presence of peripherd occlusive arterial disease;
thismeasure also correl ates with the prevaence of CAD and
cardiovascular events. 10 Recently, the Rotterdam study re-
ported that IMT and ABI were strong predictors of myocar-
dia infarction.’? However, these three noninvasive markers
have not been compared in the samegroup of subjects, nor has
their relationship with the severity of coronary atherosclerosis
beeninvestigated. Theaim of thisstudy wasto determinethe
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relationship of carotid IMT, PWV, and ABI with the severity
of CAD and with the presence of coronary risk factors.

M aterialsand M ethods

We examined 205 consecutive patients (mean age 65 + 12
years) whowereclinicaly suspected of having CAD andwere
scheduled to undergo coronary angiography in our depart-
ment. Exclusion criteriawereacutemyocardid infarction, un-
stableangina, and history of coronary angioplasty or coronary
bypass surgery. Written informed consent was obtained from
every enrolled patient. The study protocol was approved by
our ingtitutiond ethica committee. Overdl, 124 patientswere
diagnosed as having CAD based on the presence of >50%
stenosis in amajor coronary artery. Fasting blood samples
wereobtained fromall patientsbefore cardiac catheterization.
Body mass index (BMI), blood pressure, total cholesteral,
triglyceride(TG), high-density lipoprotein (HDL) cholesteral,
low-density lipoprotein (LDL) cholesteral, uric acid (UA),
glycohemoglobin (hemoglobinAlc), carotid IMT, baPWV,
and ABI were evaluated in these subjects. Smokerswere de-
fined as subjects who had smoked regularly for more than 1
year. Hypertension was defined as = 140 mmHg systalic or
=90 mmHg diastolic blood pressure, or current use of antihy-
pertensive agents. Hypercholesterolemia was defined as a
plasma L DL -cholesteral level of >3.38 mmoal/l or the use of
cholesterol-lowering drugs. Diabeteswas defined asthe use of
insulin, ora hypoglycemic agents, or a plasma hemoglob-
inAlcleve of >6.5%.

PulseWave Ve ocity and AnkleBrachial
Index M easurements

The baPWV and ABI were measured using a volume-
plesthymographic apparatus (Form PWV/ABI; Calin, Co.,
Ltd., Komaki, Japan). The method of baPWV measurement
hasbeen reported previoudy.”-8 Briefly, the subject wasexam-
ined in supine position, with occlusion and monitoring cuffs
wrapped around both sidesof theupper and lower extremities,
and pressurewaveformsof thebrachial andtibid arterieswere
recorded. Heart sounds S1 and S2 were detected by amicro-
phone placed ontheleft edgeof thesternum et thefourthinter-
costal space. Thetimeinterva between the brachium and an-
kle (ATya) Was defined asthetimeinterval between thewave
front of thebrachial waveform andthat of theanklewaveform.
Thesampling timewas 10 swith automatic gain analysisand
quality adjustment. The distance between sampling points of
baPWV was cal culated autometically according to the height
of the subjects. The path length from the suprasterna notchto
the brachium (L) and ankle (L 5) wasexpressed using thefol-
lowing equation: Ly = 0.2195 X height of the patient (cm)
—2.0734,L2=0.8129 X height of the patient (cm) + 12.328.
The following eguation was used to calculate the baPWV:
baPWV = (Lb—La)/ ATha(cmy/s). Themean baPWV wascal cu-
lated from theaverage of theright and left baPWV results. The
left and right ABI were measured and the lower value of the
ABI wasused for dataanaysis.

Carotid Ultrasonographic M easurements

Ultrasonographical B-mode imaging of the carotid artery
was performed using high-resolution 7.5 MHz transducer
(Power Vision 8000; ToshibaMedical Co., Ltd., Tokyo). The
carotid IMT examinationswere recorded using digital video.
The examiner chosethe best imagesof bilateral carotid arter-
ieswithin 20 mm of the edge detection border; IMT messure-
mentswereautomatically performed using computer software
(Intima Scope; Soft Medical, Co., Ltd., Tokyo). We selected
thefar wall of common carotid artery and bifurcation to detect
the edge of the intimamore clearly compared with other po-
tions (e.g., near wall of bifurcation or internal carotid artery)
for evauation by the automated software, which was opti-
mized for ng those portions. Thediagram of thecarotid
circulation and transducer positionisshownin Figure 1. The
mean maximum IMT (mean max IMT) was calculated from
theaverage of theright and left maximum IMT.

Evaluation of Coronary Angiography Results

All subjects underwent coronary angiography. Coronary
angiography was conducted using either the standard Judkins
femoral or the Sonesbrachia or radial method. Two examin-
ersblindedtothecarotid IMT, ABI, and baPWYV resultseval-
uated the results of the coronary angiography examination.
Gensini score!2 was cal culated to giveameasure of the severi-
ty of CAD.

Statigtical Analysis

All datawereexpressed asmean + standard deviation (SD).
Pearson correlation anadysis was performed to determine
whether the IMT, baPWV or ABI results correlated with the
examinedrisk factorsof CAD. Possible correlations between
IMT, baPWV, or ABI and Gensini scorewere assessed by lin-
ear regression anaysis. Potential predictors of the Gensini
scoreweretested using multipleregression analysis. Theopti-
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TaBLE | Clinicd characterigticsof thestudy population (n=205)
Variable

Age(years) 65+12
Maegender (%) 130(63)
Smoking (%) 75(37)
Hypertension (%) 130(63)
Hyperchol esterolemia (%) 89 (43)
Diabetes (%) 46(22)
Systolic blood pressure (mmHg) 128+ 23
Diastolic blood pressure (mmHg) 71+13
Body massindex (kg/m?) 230+36
Total cholesteral (mmol/l) 5.01+0.93
Triglyceride (mmol/l) 135074
HDL -cholesterol (mmol/l) 131+044
LDL-cholesterol (mmol/l) 295+0.77
Uricacid (mmol/l) 0.37+£0.10
Hemoglobin Alc (%) 58+10

mal cutoff point of thecarotid IMT wasdetermined by receiv-
er-operating characterigtic (ROC) andysis. A pvdueof <0.05
wascond dered to be statistically significant.

Results
Theclinical characteristics of the patientsin thisstudy are

summarizedin Tablel. Overdl, 63% of the subjects had hy-
pertension, 43% had hyperchol esterolemia, 22% had diabetes,

TaBLE Il Vascular characterigticsof the study population
Variable

Meanmax IMT (mm) 123+045
MeanbaPWV (cr/s) 1637+ 362
ABI 1.06+£0.17
Gensini score 355+41.3

Abbreviations: IMT =intimamediathickness, baPWV =brachia an-
klepulsewaveve ocity, ABI = anklebrachia index.

and 37% were smokers. Of patients with hypertension, 85%
had been taking antihypertensive agents; 63% of patientswith
hypercholesterolemia had been taking cholesterol-lowering
drugs, and 48% of patientswith diabetes had been taking in-
sulinor hyperglycemic agents.

Thevascular characteristicsobtained using thethreenonin-
vasivediagnostic methodsfor atherosclerosisevauatedinthis
study areshownin Tablell. Themean max IMT and themean
baPWV wererelatively high, and the ABI waswithinthenor-
mal limits.

The results of the Pearson correlation analysis comparing
IMT, PWV, and ABI withtherisk factorsof CAD arelistedin
Tablelll. Themean max IMT correlated positively with age
and hemoglobinAlc and negatively with HDL cholesterol.
Themean baPWV showed apositive correlationwith ageand
systolic blood pressure and anegative correlation with BMI.
The ABI showed apositive correlation with HDL cholesterol
and anegativecorrelation with UA.

TaBLE 11l Pearson correlation of carotid IMT, baPWV, and ABI withrisk factorsof coronary artery disease

Risk factors Meanmax IMT Mean baPWV ABI

Age r=0.350 r=0.543 r=-—0.089
p<0.0001 p<0.0001 NS

Body massindex r=0.017 r=-0.137 r=0.044
NS p=0.049 NS

Systalic blood pressure r=0.133 r=0.336 r=-0.071
NS p<0.0001 NS

Diagtolic blood pressure r=-—0.065 r=0.128 r=0.068
NS NS NS

Total cholesteral r=—0.04 r=-0.06 r=0.010
NS NS NS

Triglyceride r=0.069 r=-—0.007 r=-0121
NS NS NS

HDL cholesterol r=—0234 r=-0.067 r=0.165
p=0.0007 NS p=0.021

LDL cholesteral r=0.035 r=—0.042 r=—0.096
NS NS NS

HemoglobinAlc r=0.281 r=0.143 r=0.068
p=0.0005 NS NS

Uricacid r=0.063 r=-0.059 r=-0.183
NS NS p=0.01

Abbreviations: HDL = high-dendity lipoprotein, LDL = low-dendity lipoprotein, NS=not significant. Other abbreviationsasin Tablell.
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The mean max IMT correlated significantly with the
Gensini score (Fig. 2), asdid themean baPWV, but thiscorre-
lation wasre atively weak (Fig. 3). Ontheother hand, the ABI
wasnot related to the Gensini score (Fig. 4).

Multipleregression analysisreved ed that, among the coro-
nary risk factorseva uated in this study, the Gensini score cor-
related significantly and independently with age and male
gender. Of the three noninvasive methods used to evauate
atheroscleross, only the mean max IMT correlated signifi-
cantly and independently with the Gensini score (Table1V).

According to ROC anaysis, the cutoff point for carotid
IMT indicating the presence of CAD was 1.1 mm (Fig. 5).
Using this cutoff point, the sensitivity and specificity were
0.70and 0.69, respectively.

Discussion

Anincreased IMT hasbeen shown to beassociated with the
presence and extent of CAD.2 313 However, Adams et al .14
showed apoor correlation between IMT and CAD, although
only the common carotid artery was examined in their study.
Other researchershave demondirated thet theIMT inthe carot-
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Fic.3 Therelationship between mean brachial-ankle pulse wave
velocity (baPWV) and the Gensini score.

id artery bulb was associated with theextent of CAD,13 cardio-
vascular risk factors, and the prevalence of ischemic heart dis-
ease. 15 We also demonstrated that the carotid IMT correlated
significantly and relatively well with the severity of coronary
atherosclerosis. Our IMT datamay bemore accurate and reli-
ablethan those previoudly reported because we used an auto-
mated edge-detection system to measure the IMT and as-
sessed ardatively long region of the carotid artery, including
thecarotid bifurcation. Botset al. 16 described in detail various
issuesand difficultieswith theevaluation of carotid IMT, and
they recommended the use of themean max IMT rather than
themean common IMT. Wea so confirmed thet themean max
IMT had abetter correlation with the Gensini score than the
mean common IMT (R = 0.411, p<0.0001 vs. R = 0.376,
p<0.0001, respectively). Thus, we used the mean max IMT
for dataanalyss.

Pulse wave velocity is dso a marker of aherosclerosis
that isknown to reflect arterid stiffnessl” Yamashinaet al.”
showed that baPWV was significantly higher in patientswith
thaninthosewithout CAD. However, Megnien et al .18 report-
ed that aortic stiffness does not predict the presence of coro-
nary atherosclerosisin asymptomatic men. We demonstrated
that baPWV correlated significantly with the severity of coro-
nary atherosclerosis, although amultiple regression analysis
showed that baPWV was not a determinant for coronary
atheroscleross. These datasuggest that baPWV may not bea
strong marker of CAD.

The ABI isaso anoninvasive marker used to evaluate pe-
riphera occlusivearteria disease. Papamichad! et al 10 report-
ed that the ABI was related to the extent of CAD and wasan
independent predictor of coronary atherosclerosis. Wefound
no association between ABI and the Gensini score. The pa
tientsin their study had higher LDL cholesteral (3.85+ 1.28
mg/dl) and alower ABI (0.93 + 0.16) than the patientsin our
study (2.95 + 0.77 mg/dl; 1.06 + 0.17, respectively). There-
fore, the ABI may be amore useful measure of CAD in pa
tientswith severe peripherd atherosclerosis.

Previous studies have shown that many factors, including
coronary risk factors, are related to the IMT, PWV, and
ABI.% 1519 The present study revealed that IMT correlated
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TaBLE IV Multipleregression andysisfor determinantsof the Gensini score

Variable Partial regression coefficient Standard regression coefficient pVaue
Age 1.02 0.23 0.027
Maegender 25.25 0.26 0.0085
Smoking -7.29 -0.08 NS
Body massindex 031 0.02 NS
Systolicblood pressure -0.24 -012 NS
Diastolic blood pressure -013 -0.04 NS
Total cholesteral —0.001 —0.001 NS
Triglyceride -0.01 -0.08 NS
HDL cholesterol —0.14 —0.05 NS
LDL cholesterol 0.096 —0.06 NS
HemoglobinAlc 5.02 0.10 NS
Uricacid —1.68 -0.07 NS
Meanmax IMT 28.92 0.30 0.0009
Mean baPWV 0.0002 0.001 NS
ABI -0.27 —0.001 NS

Multipler vaue=0.56, 2= 0.32.
Abbreviationsasin Tables!l and 1.

positively with age and hemoglobinA 1c and negatively with
HDL cholesterol. Although PWV &l so had apositive associ-
ation with age and systolic blood pressure, it was not related
to any of the blood sample data. These results suggest that
IMT ismorestrongly influenced by metabolic disordersthan
PWV. The ABI had apositive correlation with HDL choles-
terol and a negative correlation with UA. Thus, the ABI is
alsoinfluenced by metabolic disorders, although the mecha-
nism seemsto differ fromthat of IMT.

With regard to multipleregression analysis, noneof thedys-
lipidemic data were found to be relevant; however, previous
data have shown that dydipidemiais one of the most impor-
tant risk factors for CAD.2 In the present study, the LDL
cholesterol level waslower than that in previousstudiesonthe
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presence of coronary artery disease.

rel ation between noninvasive methodsand CAD, dthoughthe
other dataand characteristicswereamost thesameasthosein
previous reports.® 10 Recently, antihyperlipidemic agents,
such ashydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase, have become more popular for the treatment of pa-
tients, especially thosewith CAD. Thistrend may explainwhy
we found no correlation between these noninvasive athero-
sclerotic measuresand LDL cholesteral.

By ROC andlysis, we showed that acutoff point for carotid
IMT was 1.1 mmto predict the presence of CAD, withasen-
sitivity of 0.70 and aspecificity of 0.69. Thepreviousstudies
also demonstrated that its sensitivity and specificity ranged
from about 0.6 to 0.8.14 2! Sensitivity and specificity in both
previous and the present studies may not be high enough to
predict the presence of CAD accurately. Sakaguchi et al.2
showed that the mean maxima IMT in the common carotid
artery, carotid bulb, andinternal carotid artery could be better
indices than only common carotid artery IMT to predict
CAD. Themeasured portion of the carotid artery seemsto be
one of the most important factors to improve its sensitivity

and specificity.

Conclusions

We evaluated carotid IMT, baPWYV, and ABI in the same
group of subjects and investigated the relationship between
these three markers and the severity of CAD. A rdatively
strong correlation was found between carotid IMT and the
Gensini score, whereas baPWV correlated only weakly with
it, andthe ABI did not corrdatewith it. According to amulti-
ple regression analysis, age, male gender, and carotid IMT
were determinants of the Gensini score; on the other hand,
baPWYV andthe ABI werenot. The carotid IMT may bemore
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useful for predicting coronary artery atherosclerosis than
baPWV or ABI.
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