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Summary

Background: Animaging test that quantifies atherosclerot-
ic burden and that can be integrated with existing risk stretifi-
cation paradigmswould beavery useful clinical tool.

Hypothesis: Measurement of carotid intima-media thick-
ness (CIMT) isfeasible in aclinica setting. Such measure-
mentscan beintegratedinto coronary risk assessment models.

Methods: Carotidintima-mediathicknesswas measured by
B-mode ultrasound in 82 consecutive patients without mani-
fest atherosclerotic vascular disease. Thevalueswereused to
determine“vascular age’ (VA) based on nomogramsfromthe
AtherosclerosisRiskin Communitiesstudy. Vascular agewas
subgtituted for chronological age and standard and vascular
age-adjusted 10-year coronary heart disease (CHD) risk esti-
mateswere compared.

Results: Themean chronological agewas55.8+ 9.0 years.
Themean VA using CIMT was 65.5 + 18.9 years (p< 0.001).
The Framingham 10-year hard CHD risk estimate was 6.5 +
4.9%. Subdtituting CIMT-derived VA for chronologicd age
increased the 10-year CHD risk estimate to 8.0 + 6.8% (p<
0.001). Of 14 subjectsinitialy at intermediaterisk, 5 (35.7%)
were reclassified as higher risk and 2 (14.3%) were reclassi-
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fied as lower risk. Significant predictors of reclassification
were tobacco use, high-density lipoprotein cholesteral, sys-
tolic blood pressure, and low-density lipoprotein cholesterol.

Conclusions: Measurement of CIMT, a noninvasive esti-
mate of current atherosclerotic burden, isfeasibleinaclinical
setting and can beintegrated into CHD risk assessment mod-
els. Determining VA using CIMT vauesmay helpindividual-
ize the age component of population-based CHD risk esti-
mates. Thisstrategy should betestedinalargetria with hard
clinical endpoints.
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Introduction

A key challengein preventing first coronary eventsisiden-
tifying “high-risk” individuas who would be candidates for
intensive medical intervention. Cardiovascular risk assess-
ment traditionally hasbeen based on identification of categor-
ical risk factorsfor coronary heart disease (CHD).1 2 TheNa
tional Cholesterol Education Program (NCEP) Adult Treat-
ment Panel 111 (ATP 111) recommended Framingham global
CHD risk assessment to help classify anindividud’srisk of fu-
ture coronary events. Framingham CHD risk estimatesarein-
fluenced strongly by chronological age; however, the athero-
scleratic burdens of individuals with the same chronological
age and similar risk profiles can differ substantialy.’= An
imaging test that quantifies atherosclerotic burden and can be
integrated with existing risk stratification paradigms could be
avery useful clinicd tool .3

Measurement of carotid intima-media thickness (CIMT)
with B-mode ultrasound is a noninvasive and highly repro-
ducible technique for detecting and quantifying subclinical
atherosclerosis* Severd large, prospective epidemiologic
and interventional studies have shown that CIMT accurately
identifies prevalent and incident cardiovascular disease, inde-
pendent of traditional risk factors.4~ Althoughitisawell-val-
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idated research tool, CIMT isnot used widdly asaclinical tool.
The purpose of this study was to demonstrate that measure-
ment of CIMT isfeasibleinaclinical setting and toidentify a
strategy by which CIMT could beintegrated into global CHD
risk assessment. Vauesof CIMT wereused todetermine* vas-
cular age” (VA). Vascular age was substituted for chronol ogi-
ca ageinaneffort toimprove CHD risk prediction potentidly
by accounting for current atheroscleratic burden.

Methods
Experimental Protocol

The Ingtitutional Review Board of the University of Wis-
consin Medica School approved this study. Data were ob-
tained from consecutive pati entswithout manifest atheroscle-
rotic vascular disease, whowerereferred by their physiciansto
the University of Wisconsin Vascular Hedlth Screening Pro-
gram for determination of CIMT from August 2001 through
March 2002. Risk factors for CHD included cigarette smok-
ing, diabetes mellitus, hypertension (systolic blood pressure
=140 mmHg or taking antihypertensive medication), hyper-
lipidemia(low-density lipoprotein cholesterol [LDL-C] =130
mg/dl or taking lipid-lowering medication, high-density lipo-
protein cholesterol [HDL-C] <40 mg/dl), family history of
CHD inamdefirst degreerelative< 55 or afemal efirst degree
relative <65 years old, and chronological age >45 yearsin
men or =55 years in women. Fasting laboratory tests used
standard serum enzymetic assaysin aclinica laboratory. The
Framingham global risk algorithm was used to determinethe
10-year risk of myocardia infarction or cardiac death.

Carotid Ultrasound I maging

The carotid arteries were imaged with an 8.0 MHz linear
array ultrasound transducer (8L5, Acuson Sequoia, Siemens
Medica Solutions, Inc., Mountain View, Caif., USA). The
standardized protocol from the AtherosclerosisRisk in Com-
munities (ARIC) study was used to optimize and acquireim-
agesof thecommon, bifurcation, and internal segmentsof each
carotid artery.® The common carotid artery segment was de-
fined asthedistal 1 cm of the common carotid artery, immedi-
ately proximad to the onset of increased spatia separation of
the walls of the common carotid artery (i.e., immediately be-
fore the origin of the bulb). The carotid bifurcation segment
wasdefined asthedistal 1 cmof bulb, thetermination of which
was characterized by the presence of theflow divider between
the internal and externd carotid artery. The internd carotid
artery ssgment wasdefined asthe proxima 1 cmof theinternal
carotid artery, startingimmediately beyond theflow divider.

Ultrasound imageswererecorded on magneto-optical disks
using the digital storage and retrieval software of the ultra-
sound system. The combined thickness of theintima and me-
dia layersof thefar wallsof each 1 cm carotid artery segment
wasmeasured using proprietary software (AccessPoint 2000,
Fredand Systems, Westfield, Ind., USA). Far wall thicknesses

of each carotid segment were averaged to define asegmental
score. Composite CIMT was calculated as the mean of the
segmental mean scoresfrom all measurable segments (maxi-
mum of Sx). All ultrasound examinationswere performed by
asinglesonographer (SE.A.) andinterpreted by asingleread-
er (JH.S). Both the reader and sonographer completed the
Sonography Certification Course at the Center for Medical
Ultrasound at Wake Forest University School of Medicine,
Wington-Salem, North Carolina. Reproducibility of scanim-
agesand measurementswas determined by blinded, duplicate
image acquisition and measurement.

Determination of Vascular Age

Vascular agewas determined by linear regresson modeling
using published nomograms of CIMT percentiles (5th, 10th,
25th, 50th, 75th, 90th, and 95th) according to chronol ogical
age, gender, and race.® 19 Linear and nonlinear regression
models were constructed for each of the CIMT percentile
functionsfor each carotid arterial segment (N =6, left and right
common, bifurcation, and interna carotid arteries), by gender
(maleandfemale), race (whiteand black), and age (5-year in-
crements from 45-65 years old). Composite CIMT vaues
were used to determine VA, defined as the age at which the
composite CIMT value for an individual of agiven race and
gender would represent the median value (50th percentile) in
the ARIC study. Specifically, thelinear 50th percentile func-
tion by chronologica age, gender, and racewasused to project
theage of each subject based ontheir composite CIMT vaue.
If each of agiven subject’ssegmental CIMT vaueswereat the
50th percentile for their chronologica age, gender, and race,
thentheir composite CIMT would be at the 50th percentileand
their VA would beegud totheir chronologica age. For exam-
ple, a45-year black femalewith acomposite CIMT of 0.593
mm would have a CIMT percentile of 50% and a VA of 45
years, however, a 45-year black femae with a composite
CIMT of 0.678 mm would have a CIMT percentile of 71%
and a VA of 55 years, representing the age at which acompos-
ite CIMT value of 0.678 mm represents the 50th percentile.
Finally, VA wassubstituted for chronologica ageintheFram-
ingham CHD risk prediction modd, resulting in modified
CHD risk etimates.!

Statigtical Techniques

Continuous variableswere described by means+ standard
deviation and compared using Pearson’s correl ation and Stu-
dent’st-tests. Noncontinuousvariableswere described by me-
dians and ranges and compared using point-biserid correla-
tions and chi-square tests. Linear and step-wise regression
analyseswere performed to identify discriminators of differ-
ences between chronologica ageand VA, actud and adjusted
CHD risk estimates, and predictors of changes in ATP [l
CHD risk classification. For al regression analyses, the odds
ratio (OR) for each parameter estimate was reported with the
beta (B)-coefficient, standard error (SE), and 95% confidence
intervas(Cl).
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Resaults

Clinical Parameter sand Carotid Intima-Media Thickness
Measurements(Tablel)

Therewere 82 subjectsin this study (45 men, 37 women,
averageage55.8+ 9.0 years, range 26-74 years). On average,
subjectshad 2.8 + 1.1 cardiac risk factors (median 3.0, range
1-5). Subjectstended to be overweight and had el evated non-
HDL cholesterol, but were normotensive and normoglyce-
mic. The mean 10-year hard CHD risk estimate was 6.5 +
4.9%, indicative of low tointermediaterisk. On average, sub-
jectshad 4.6 + 1.0 carotid segments measured (median 5.0,
range 2-6). The mean composite CIMT was 0.806 + 0.198
mm (range 0.421-1.287 mm). The CIMT correlated positive-
ly with chronologica age (r = 0.526, p<0.0001) and systolic
blood pressure (r = 0.255, p =0.021). On duplicate scanning,
the reproducibility of composite CIMT values was 0.004 +
0.087 mm (r = 0.983, p<0.001) and of VA itwas0.2 + 2.6
years(r =0.981, p<0.001).

Vascular Age(Fig. 1)

The mean VA was 65.5 + 18.9 years (range 29-120 years),
which represented an averageincrease of 9.6 + 5.9 years over
chronologica age (p<0.001). Vascular age was greater than
chronologica agein 58 subjects (70.7%) and lessthan chrono-
logical agein 24 subjects (29.3%). It was greater than chrono-
logical age by =10 yearsin 40.2% of subjects and less than
chronologica age by more than 10 yearsin 6.1% of subjects.

TABLE |  Subject characterigtics(n=82)
Mean

Parameter (+ standard deviation)
Sex (Yofemde) 439
Chronological age (years) 55.8+9.0
Total cholesteral (mg/dl) 2154+ 422
Triglycerides(mg/dl) 126.6+59.3
High-density lipoprotein

cholesterol (mg/dl) 53.3+116
Low-dendty lipoprotein

cholesteral (mg/dl) 137.8+39.1
Non-high-density lipoprotein

cholesterol (mg/dl) 162.1+422
Systalic blood pressure (mmHg) 1280+154
Fagting blood glucose (mg/dl) 98.3+155
Body-massindex (kg/m?) 271.7+47
Composite CIMT (mm) 0.806+0.198
Vascular age (years) 65.5+189
10-year hard CHD risk (%) 65149
CIMT adjusted 10-year hard

CHD risk (%) 80+6.8

Abbreviations: CIMT = carotid intima-media thickness, CHD =
coronary heart disease.

Changeinagecorrd ated positively with systolic blood pressure
(r=0.239, p=0.031). Systalic blood pressurewasawesk pre-
dictor of VA being grester than chronological ageby = 10years
(OR1.03, 3 0.029, SE0.012, 95% Cl 1.00-1.06, p=0.070).

Effectsof Vascular Ageon Coronary Heart Disease
Risk Prediction (Fig. 2)

Substituting VA for chronologica age increased the 10-
year CHD risk estimateto 8.0+ 6.8% (p< 0.001). Substituting
VA for chronologica ageincreased the Framingham 10-year
CHD risk estimatein 37 subjects (46.2%) and decreased itin
17 subjects (20.0%), with a= 5% changein 29.2% of subjects.
Change in CHD risk correlated positively with LDL-C (r =
0.346, p = 0.020) and non-HDL-C (r = 0.265, p = 0.017).
Predictorsof a=5%increasein adjusted 10-year CHD risk re-
sulting from the use of VA in place of chronological agewere
LDL-CandanHDL-C <40 mg/dl (Tablell).
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Fic.1 Vascular age derived from carotid intima-media thickness:
Changefrom chronologica age. Each vertica bar representsthe dif-
ference between an individua subject’s chronological and vascular
age, asdetermined by carotid ultrasound. Color changesdenctediffer-
encesof < 10years(yelow), 10-20years(orange), or > 20 years(red).
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Fic.2 Modified 10-year hard coronary heart diseaserisk by substi-
tuting carotid intima-media thickness-derived vascular age for
chronological age. Each vertical bar representsthe differencein 10-
year hard coronary heart diseaserisk estimated using an individual
subject’s chronological age and vascular age, as determined by ca-
rotid ultrasound. Color changesdenoterisk differencesof <5% (yel-
low), 5-10% (orange), or > 10% (red). The spaceinthecenter of the
figurerepresents subjectswith no predicted changein 10-year risk.
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TasLE |l Predictorsof 10-year CHD risk changing by = 5% after
substituting vascular agefor chronologica age

TaBLE Il Predictorsof ATPIII reclassification by substituting
vascular agefor chronologica age

95%

Confidence
Variable OR interval pVaue
Continuous
Chronologica age (years) 0.96 0.90-1.02 0.160
Totd cholesterol (mg/dl) 101 1.00-1.02 0.213
Triglycerides(mg/dl) 1.00 0.99-1.01 0.743
HDL-C (mg/d!) 0.96 0.91-1.00 0.072
LDL-C(mg/dI) 1.02 1.00-1.03 0.018
Non-HDL-C (mg/dl) 101  100-1.02 0065
Waigt circumference (inches)  0.99 0.84-1.16 0.865
Weight (pounds) 0.99 0.99-1.02 0.480
Binary NCEPATPIII CHD
risk factors (present/absent)
Tobaccouse 246 0.38-1599  0.346
Family history of CHD 308 0911040 0.071
Age 0.83 0.25-2.74 0.766
Hypertension 138 0.48-3.97 0.545
LowHDL-C 393 1121380 0.033
Metabolic syndrome 168 0.45-6.28 0.439

Abbreviations: CHD = coronary heart disease, HDL-C = high-densi-
ty lipoprotein cholesterol, LDL-C = low-density lipoprotein choles-
terol, NCEP = National Cholesterol Education Program, ATP=Ad-
ult Treatment Panel.

Effect of Carotid Intima-Media Thicknesson Adult
Treatment Pand 111 Risk Classification

Adjusted 10-year CHD risk estimateswere cal cul ated after
subgtituting VA for chronological age, leading to reclassifica-
tion of 12 (15%) subjectsinto a higher hard CHD risk group
and 3 (3.8%) subjectsinto alower risk group. Of 14 subjects
initidly at intermediate risk, 5 (35.7%) were reclassified as
higher and 2 (14.3%) aslower risk. Predictorsof reclassifica-
tion to a higher risk category were as follows: HDL-C (OR
0.87,3-0.142, SE0.048, 95% Cl 0.79-0.95, p=0.003), LDL -
C(OR1.02, 3-0.016, SE 0.008, 95% Cl 1.00-1.03, p=0.050),
non-HDL-C (OR 1.02, 3-0.153, SE0.007,95% Cl 1.00-1.03,
p = 0.040), systolic blood pressure (OR 1.06, B-0.054, SE
0.024, 95% Cl 1.01-1.11, p = 0.024). In binary stepwise re-
gressionthat excluded non-HDL -C, thesevariablesand tobac-
co abuse predicted recl assification (chi-square goodness of fit
=38.2, degreesof freedom =70, p=0.999) (Tablelll).

Discussion

This study demonstrated that measurement of CIMT is
feasible in a clinical setting and that the age component of
CHD risk assessment can be modified by incorporating
CIMT, an assessment of current atherosclerotic burden. The
CIMT measurements can be used in conjunction with well-

Variable OR 95%Cl pVaue
Congtant 0.230
HDL-C (mg/dl) 0.81 0.71-0.92 0.001
LDL-C (mg/dl) 1.02 1.00-1.05 0.052
Systolicblood pressure

(mmHg) 109 1.00-1.18 0.046
Tobaccouse 19.83 11339853 0.041

Abbreviations: OR = oddsratio, Cl = confidenceinterval.
Other abbrevationsasin Tablell.

validated and previoudy published population normsto de-
termine VA.? Vascular age represents atheroscl erotic burden,
which variesbetween individua swith the same chronol ogi-
cal age despite similar CHD risk profiles. Thus, popul ation-
based risk estimates can be modified by thisdirect assessment
of an individual’s current atherosclerotic burden. When VA
replaced chronological age in CHD risk prediction algo-
rithms, estimated CHD risk wasatered substantialy; howev-
er, the accuracy of the modified risk estimates could not be
determined in thisstudy. These changesreflect the character-
istics of the referral population used in this demonstration
study. Inthisstudy, use of CIM T-adjusted 10-year hard CHD
event estimatesaltered ATP 11 risk classificationin one-half
of intermediate-risk individuals, suggesting that evaluating
atherosclerotic burden using CIMT may help individudize
therapy for the primary prevention of CHD events.

Likeall ultrasound techniques, determining CIMT requires
training of sonographersand readers, aswell astrict attention
toquaity control. Training programsfor determining CIMT in
research and clinical settings have been established. The re-
producibility of thistest in our clinicd |aboratory issimilar to
that reported intheliterature. 7.9 Because high-resol ution vas-
cular ultrasound transducers, modern ultrasound machines,
and sonographersareavailablein most activeclinical environ-
ments, assessment of CIMT appesars to be ready for main-
stream use.! Indeed, the Ameri can Heart Association Preven-
tion ConferenceV concluded that CIMT *“can now be consid-
ered for further clarification of CHD risk assessment.””

Limitations

Wehave not demonstrated that CHD risk assessment using
VA is more accurate than traditional CHD risk assessment;
however, the concept of replacing chronological agewith an
individualized measure of atherosclerotic burden recognizes
that age-related CHD risk is not the same for everyone.3 The
Framingham risk algorithm estimates incident CHD events
using established CHD risk factors by assigning “points’ or
weight to the presence or absence and magnitude of risk factor
abnormalitiesand statistically adjusting for other risk factors,
including chronologica age.2 It isnot known whether the co-
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efficients of the equations used in the Framingham CHD risk
estimation agorithm would be the same if VA were used in
place of chronological age. Thisreport should beregarded as
“proof of concept” that CIM T measurementscan beused clin-
icaly, and asan example of astrategy to integrate noninvasive
imaging with existing risk stratification paradigms.

Because of the small sample size, the models predicting
risk reclassification identified in this study should beregard-
ed asexploratory, rather than definitive. Similarly, theregres-
sion modelsfor determining vascular ageusing CIMT mea
surements were based on data acquired from subjectsin the
ARIC study and may not be applicableto subjectsfrom eth-
nic groupsor inagerangesnot represented inthisstudy. Since
VA is determined by incorporating ultrasound image mea-
surementsinto a predictive model with an expected median
value that is based on chronological age, race, and gender,
thereisan inherent variancein this parameter that isnot pre-
sent for an individud’s chronologica age. This variance
could have contributed to some of the changein risk classifi-
cation observed inthisstudy.

Conclusions

We haveidentified astrategy by which anoninvasive esti-
mate of an individud's current atherosclerotic burden—
CIMT—could beintegrated into global CHD risk assessment
modelsand potentially alter CHD risk prediction. To accom-
plishthis, wehavedemongtrated that measurement of CIMT is
feasbleinaclinical setting and that using CIMT- derived VA
can alter CHD risk assessment. Determining VA using CIMT
va ues potentialy could improve the applicability of popula
tion-based CHD risk estimatesto the management of anindi-
vidual patient by accounting for age-related variation in
atherosclerotic burden. Measuring CIMT might help identify
previoudy unrecognized high-risk individualsand could help
cliniciansbetter tailor primary prevention strategiesto anindi-
vidual patient’srisk of afirst CHD event. Theeffectsof using
CIMT-derived VA measurementsto alter risk prediction mod-
elscould beassessedinlarge epidemiologica cohorts, suchas
ARIC. Additional studies with hard clinical endpoints are
needed to determinewhether incorporating CIM T-derived VA
into risk assessment modelsimproves CHD risk prediction.
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