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Abstract
Objective—The goal of this study was to compare internal carotid artery (ICA) intima-media
thickness (IMT) with common carotid artery (CCA) IMT as global markers of cardiovascular
disease (CVD).

Methods—Cross-sectional measurements of the mean CCA IMT and maximum ICA IMT were
made on ultrasound images acquired from the Framingham Offspring cohort (n = 3316; mean age,
58 years; 52.7% women). Linear regression models were used to study the associations of the
Framingham risk factors with CCA and ICA IMT. Multivariate logistic regression models and
receiver operating characteristic (ROC) curve analysis were used to compare the associations of
prevalent CVD with CCA and ICA IMT and determine sensitivity and specificity.

Results—The association between age and the mean CCA IMT corresponded to an increase of
0.007 mm/y; the increase was 0.037 mm/y for the ICA IMT. Framingham risk factors accounted
for 28.6% and 27.5% of the variability in the CCA and ICA IMT, respectively. Age and gender
contributed 23.5% to the variability of the CCA IMT and 22.5% to that of the ICA IMT, with the
next most important factor being systolic blood pressure (1.9%) for the CCA IMT and smoking
(1.6%) for the ICA IMT. The CCA IMT and ICA IMT were statistically significant predictors of
prevalent CVD, with the ICA IMT having a larger area under the ROC curve (0.756 versus 0.695).

Conclusions—Associations of risk factors with CCA and ICA IMT are slightly different, and
both are independently associated with prevalent CVD. Their value for predicting incident
cardiovascular events needs to be compared in outcome studies.
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Carotid artery intima-media thickness (IMT) is associated with cardiovascular risk factors
and prevalent cardiovascular disease (CVD) and is predictive of cardiovascular events.1–8
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Research protocols on which these results are based measure IMT differently: as the mean
common carotid artery (CCA) IMT,9–12 the mean of the mean CCA and internal carotid
artery (ICA) IMT,13 the mean of the maximum CCA and ICA IMT,6,14 and the mean CCA
IMT and maximum ICA IMT.15 Although consensus panels have recommended using the
mean CCA IMT and maximum ICA IMT11,16 for cardiovascular risk assessment,
associations with prevalent disease and risk factors have not been made in a large patient
cohort with well-defined end points of prevalent disease.

We hypothesized that the maximum ICA IMT and mean CCA IMT are equivalent in their
associations with risk factors and prevalent CVD. We studied these two parameters in the
context of global cardiovascular risk assessment.

Materials and Methods
This study was performed on members of the Framingham Offspring cohort undergoing
examination cycle 6 from March 1995 to September 1998. The total number of individuals
seen during cycle 6 clinic visits was 3532, of which 1657 were men and 1875 were women.
The carotid ultrasound data presented in this study were acquired on 1593 men and 1784
women. The age range of the study participants was 26 to 83 years. Details of the study
design have been published elsewhere.17 All participants provided informed consent, and
the study protocol was approved by the Institutional Review Board of the Boston Medical
Center.

During the clinic visit, a medical history was obtained, and a physical examination was
performed. The risk factors relevant to this study were systolic blood pressure (BP),
cigarette smoking status, use of hypertension medications, diabetes, total cholesterol level,
and high-density lipoprotein (HDL) cholesterol level. These risk factors form the
Framingham risk score and are used, in combination, for global assessment of
cardiovascular risk.18 Use of lipid-lowering medications was also determined.

Systolic BP was determined from the average of 2 resting readings taken by a physician
using a 14-cm BP cuff on the right arm. Smoking status was based on a self-reported history
of cigarette smoking, and the level of exposure was estimated in terms of pack-years. The
presence of diabetes was based on a history of diabetes, either a current or previous fasting
glucose level of 126 mg/dL or higher, or current or previous use of antihyperglycemic
medication. All lipid analyses were performed at the Framingham Heart Study Laboratory
according to the Standardization Program of the Centers for Disease Control and Prevention
and the National Heart Lung and Blood Institute Lipid Research Clinics.19,20

Ultrasound Studies
Ultrasound studies were acquired according to a standard protocol using a 7.5-MHz
transducer for the CCA and a 5.0-MHz transducer (effective measured frequency, 6.7 MHz)
for the ICA (SSH-140; Toshiba Medical Systems, Tustin, CA) and stored on Hi8 videotape.
A trained sonographer with registered diagnostic medical sonographer certification
performed all studies. The sonographer was certified in the protocol by the principal
investigator (J.F.P.) after training that consisted of didactic lectures, review of the scanning
technique, and proof of adherence to the protocol by performing 10 studies on volunteers.
The principal investigator conducted biweekly review of the acquired studies. Doppler
imaging was used to survey the carotid bifurcations and to evaluate for the presence of ICA
stenosis. B-mode gray scale imaging was performed synchronized to the R-wave of an
electrocardiographic signal. Images were acquired at 3 levels (Figure 1A): 1 in the CCA and
2 at the level of the carotid artery bulb and proximal ICA. A standard 45° projection from
vertical was used in all cases.
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An additional view was taken in the carotid bulb and ICA, respectively, with the transducer
centered on the largest plaque. The sonographer was instructed to change the scan plane to
either a more anterior or posterior projection to better determine the maximum height of any
plaque present. This judgment was purely subjective.

A certified reader performed carotid IMT measurements by drawing key interfaces on each
acquired image. The maximum ICA IMT was determined by a heuristic computer algorithm
that searched for the minimum distance between the lumen-intima interface to the media-
adventitia interface given a constraint for curvature of the media-adventitia interface. In
essence, the distance between the lumen-intima interface and the media-adventitia interface
was the equivalent of a line drawn upward perpendicular to the media-adventia interface and
intercepting the lumen-intima interface. A local search was then made, starting from the
media-adventitia interface, to find a minimum in the calculated IMT distances over a
distance of 5 points. The algorithm took into consideration images in which the far wall was
not completely parallel to the transducer. The consistency of the algorithm was tested by
measuring the estimated maximum IMT for generated plaque contours in a horizontal scan
plane and then rotated to different degrees from horizontal. The mean CCA IMT was
measured as the average of the respective IMT measurements made over a 1-cm segment of
each CCA starting approximately 0.5 cm proximal to the carotid artery bulb. The maximum
ICA IMT was defined as the largest IMT in either the right or left carotid artery bulb and
ICA (Figure 1B).

Reproducibility was assessed by replicate measurements in 37 participants. The Pearson
correlation coefficients between replicate readings were 0.94 for the mean CCA IMT and
0.76 for the maximum ICA IMT.

Prevalent Disease
All cardiovascular events in the Offspring cohort were adjudicated by a panel of 3
physicians on the basis of a review of data collected from Framingham Heart Clinic visits,
inpatient hospitalizations, and office records. For the purpose of this investigation, CVD was
defined according to the Framingham Heart Study as congestive heart disease (coronary
death, myocardial infarction, coronary insufficiency, and angina), cerebrovascular events
(ischemic stroke, hemorrhagic stroke, and transient ischemic attack), peripheral arterial
disease (intermittent claudication), or heart failure.18 This constitutes a generalized score of
atherosclerosis that can be readily applied to cardiovascular risk assessment.

Statistical Analysis
The analyses focused on the two key variables: mean CCA IMT and maximum ICA IMT.
Associations between dichotomous cardiovascular risk factors and the presence versus
absence of prevalent CVD were examined using the χ2 test; t tests were used to compare
mean levels of the risk factors. Separate linear regression models with CCA IMT and ICA
IMT as dependent variables were run for each of the Framingham risk factors (gender, age,
systolic BP, HDL and low-density lipoprotein cholesterol, diabetes, smoking, and
antihypertensive treatment).

The strength of the associations was expressed as the variance (R2) accounted for by the
individual variables. This is equivalent to the percent variability in the IMT variable that can
be accounted for by the risk factor. To determine which variables were stronger predictors of
the IMT variables, separate multivariate linear regression models with CCA IMT and ICA
IMT as dependent variables were run with all of the Framingham risk factors included. The
strength of the associations between each risk factor and IMT was expressed as a semipartial
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R2, a metric that expresses the percent variability accounted for by the variable and also
takes into account the influence of other risk factors.

Two multivariate logistic regression models were generated with prevalent CVD as the
dependent variable. All Framingham risk factors were used as predictor variables to which
each IMT variable was added separately. The respective odds ratios (ORs; odds of having
CVD per unit value of the variable) were calculated together with their 95% confidence
intervals (CIs). Odds ratios were reported on the basis of models using unitary increments
for BP (millimeters of mercury) and units of 10 mg/dL for total and HDL cholesterol, The
effect of lipid treatment on these models was examined by adding this variable to the two
respective models.

The predictive power of the two IMT measurements was evaluated by estimating the area
under the receiver operating characteristic (ROC) curve with CVD as the outcome.
Sensitivity and specificity of each variable was determined at the inflection point (slope = 1)
of the respective ROC curves.

All analyses were run using SAS version 9.1 software (SAS Inc, Cary, NC), P < .05 was
considered statistically significant.

Results
Analyses were restricted to individuals with complete information on all risk factors and
IMT (n = 3316). Demographic data are summarized in Table 1. The average age of our
population was 58.8 years (SD, 9.8 years), and 1767 of the participants (52.7%) were
women. Individuals with CVD tended to be older and were more likely to be men, receive
hypertensive therapy, take cholesterol-lowering medications, and have diabetes (P < .0001).
Total and HDL cholesterol levels were lower in individuals with CVD (P < .0001). There
were no statistically significant differences in smoking status between both groups (P = .08).
Both the mean CCA IMT and maximum ICA IMT were larger in individuals with prevalent
CVD (P < .0001).

Results of simple univariate linear regression models with each IMT variable as the outcome
and risk factors as predictors are shown in Table 2. All risk factors were significantly
associated with both measures of IMT with the exception of total cholesterol, which was not
associated with CCA IMT. The association between age and the mean CCA IMT was such
that the IMT increased by 0.007 mm/y, whereas the ICA IMT increased by 0.037 mm/y.

Results of multivariate linear regression models with each IMT variable as the outcome and
risk factors as predictors are shown in Table 3 and Figure 2. All risk factors were
significantly associated with the mean CCA IMT and maximum ICA IMT. On the basis of
the percent variability explained, the order of importance of the risk factors for CCA IMT
was age (19.4%), followed by gender (4.1%), systolic BP (1.9%), HDL cholesterol (1.2%),
smoking (0.9%), diabetes (0.8%), hypertension treatment (0.3%), and total cholesterol
(0.002%). For the ICA IMT, the order of importance of the risk factors was slightly
different. Age was the strongest predictor (18.5%), followed by gender (4%), smoking
(1.6%), hypertension treatment (1.1%), systolic BP (0.8%), diabetes (0.8%), HDL
cholesterol (0.6%), and total cholesterol (0.1%).

Results of multivariate logistic regression models with prevalent CVD as the outcome are
shown in Tables 4 and 5. Both the mean CCA IMT and maximum ICA IMT were similar
predictors of prevalent CVD after adjusting for all Framingham risk factors. The
standardized ORs for the mean CCA IMT were similar to those for the maximum ICA IMT.
The addition of cholesterol treatment attenuated the significance of cholesterol levels and
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made them nonsignificant for predicted CVD. Overall, the Akaike information criterion, a
standard for fitting of the overall models, was 1898.2 for the mean CCA IMT and similar at
1862.5 for the maximum ICA IMT. Results were similar for models with cholesterol
treatment added: 1828.9 for CCA IMT and 1800 for ICA IMT.

The ROC curves for the mean CCA IMT and maximum ICA IMT as single predictors of
prevalent CVD are displayed in Figure 3. At the inflection point of the curve, a cut point of
1.6 mm, the sensitivity of the maximum ICA IMT for predicting prevalent CVD was 68.1%
(256 of 378), and the specificity was 72.3% (2152 of 2976), whereas the cut point for CCA
IMT was 0.62 mm for sensitivity of 63.5% (240 of 378) and specificity of 65.4% (1960 of
2995).

The area under the curve was significantly (P < .0001; difference, −0.061; 95% CI, −0.091,
−0.030) smaller for the mean CCA IMT (0.695) than for the maximum ICA IMT (0.756).
For the models shown in Table 4, the respective statistics were significantly lower for the
mean CCA IMT (0.0801) than for the maximum ICA IMT (0.820) for a difference of
−0.0123 (95% CI, −0.020, −0.004). For Table 5, the respective values were 0.831 and 0.839
for a statistically significant difference of −0.009 (95% CI, −0.0152, −0.002).

Maximum ICA IMT measurements were obtained on the second view of the carotid artery
bulb and proximal ICA in 53.7% of cases.

Discussion
We have found that (1) CCA and ICA IMT have similar associations with cardiovascular
risk factors; (2) Framingham risk factors are associated with both measures of
atherosclerosis and explain a large proportion of their variability; and (3) the maximum ICA
IMT is more strongly associated with the presence of symptomatic CVD than the mean
CCA IMT.

We studied the mean CCA IMT and maximum ICA IMT as measures of subclinical CVD
because these measures have been proposed by two consensus groups16,21 as means of
assessing global cardiovascular risk. We did not measure the mean CCA IMT from multiple
projections of the CCA as is done in epidemiologic studies, yet we obtained strong
associations with cardiovascular risk factors. We show that up to 29% of the variability of
the mean CCA IMT is explained by cardiovascular risk factors, with a very strong
association between CCA IMT and age. As in other studies, age and gender are the two
strongest predictors of IMT. We also show strong associations between the maximum ICA
IMT and risk factors. In difference to the mean CCA IMT, the maximum ICA IMT is an
estimate of carotid artery plaque. Although it can be argued that a subjective assessment of
plaque as being either present or absent might suffice for global risk assessment, the two
consensus panels recommend some form of quantitative measurement.16,21 The definition of
plaque varies. From absolute IMT values that vary from of 1.222 to 1.523 mm to a relative
increase of 50% compared with the baseline IMT.11 However, these definitions have not
been validated in large cross-sectional studies looking at associations with risk factors or in
large outcomes studies. As such, our study offers a new insight into using plaque as a
quantitative measurement of the maximum IMT. Consideration should also be given to the
fact that we used an experienced and certified registered diagnostic medical sonographer to
perform our measurements. As such, the subjective judgment of the presence or absence of
plaque should have been superior to that in studies done with sonographers without years of
proven experience in carotid ultrasound.

A potential limitation of our measurements is the fact that they required measurements
offline on a workstation from manual tracings processed by a validated algorithm.14 They
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were not performed on the ultrasound device by a sonographer using calipers.24 However,
because the reader was blinded to the participant demographics, our estimates of IMT are
less likely to be biased than those of a sonographer because a sonographer might be
influenced by the physical appearance of the individual being imaged and the clinical
history.

Although cardiovascular risk factors are associated with the mean CCA IMT and maximum
ICA IMT, the maximum ICA IMT is more strongly associated with prevalent CVD. This
difference reflects on the fact that ICA IMT is a measure of atherosclerotic plaque and has
different pathologic characteristics that the mean CCA IMT. The mean CCA IMT is a
response to shear-stress25 and BP,26,27 and lesions in the CCA tend to be diffuse and
composed of foam cells.28 The mean CCA IMT is a measure of wall hypertrophy,11 which
responds to cholesterol-lowering interventions.10 The maximum IMT is a measure of plaque
taken at the carotid bifurcation and proximal ICA, where complex oscillatory low shear
stress promotes the primary deposition of low-density lipoprotein cholesterol in the
wall.29,30 There is, however, a slight difference between pathologically defined plaque and
ultrasound-defined plaque. The maximum ICA IMT is the distance from the lumen to the
media,11,15,31 whereas plaque is a pathologic substance affecting the intima.32 In addition,
plaque is not pathologically defined beyond an absolute size measurement but by a relative
increase in the thickness of the intima.32

We opted to report a single maximum ICA IMT rather than average the maximum IMT
measurements15,33 because this is consistent with the recommendation made by the
consensus panels.11,16 Although the normally obtained mean of the maximum ICA IMT and
mean of the mean ICA IMT are well suited for epidemiologic studies looking at outcomes or
longitudinal changes in IMT,34–36 these measurements underestimate the presence of early
plaque. An IMT measurement of 1.5 mm made at one site combined with a measurement of
0.7 mm at another site gives a mean of the maximum IMT of 1.1 mm. In this hypothetical
case, 1.1 mm is below accepted thresholds for plaque, either 1.222,31,37 or 1.523,38 mm.
Nevertheless, our data show that image selection should be made at the discretion of the
sonographer because the maximum IMT was obtained from the additional projection
selected by the sonographer in 53.7% of cases.

We find that the associations between risk factors and the maximum ICA IMT are similar to
those for the mean CCA IMT. Although these differences can be argued to be of statistical
significance and qualitatively different, as shown in Figure 2, they are, from a practical point
of view, very similar. In fact, after accounting for age and gender, the remaining
Framingham risk factors explain a small amount of the variability in IMT, approximately
5.1% for both the mean CCA IMT and maximum ICA IMT. This does not detract from the
value of IMT when it comes to being a potential predictor of incident events because the
variability in IMT that is not explained by risk factors likely holds some predictive value for
outcomes.

We compared the overall sensitivity and specificity of both the maximum ICA IMT and
mean CCA IMT based on ROC curves. These data give a coarse appreciation of the
differences between both variables. In essence, they describe the relative accuracy for
confirming the presence of prevalent CVD. This task, in itself, is a verification of the
validity of the measurement but not a criterion for overall predictive value. The latter needs
to be verified in outcomes studies. The overall correlations between each of the two
variables and risk factors reflect the possible causal relationship between a given risk factor
and the IMT variable of interest. As such, they may represent key differences in the way that
risk factors interact with changes in the artery wall.
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Our data show relatively weak associations between IMT and cholesterol levels. Much of
the data studying IMT have focused on populations with hypercholesterolemia in which the
association between IMT and cholesterol levels is easily determined. We, however, note an
effect of modern therapy in individuals who have prevalent CVD. Lipid-lowering therapies
are seen in 38.7% of individuals with prevalent CVD compared to 9.7% without. This likely
explains the blunting of the association between cholesterol and IMT as well as between
cholesterol and prevalent CVD.

Results looking at the associations of risk factors and IMT measured at different locations at
and below the carotid bifurcation have been contradictory. Espeland et al39 showed mild
segmental differences in the associations of IMT with age and hypertension in women but
did not report on the overall strength of the associations between IMT at different carotid
artery locations and risk factors. Tell et al40 found age, hypertension, and cigarette smoking
to affect all segments in a similar fashion, but quantitative ICA IMT measurements were not
made. Schott et al41 used a complex statistical approach to show that systolic BP showed
similar associations with the CCA and mean ICA IMT but did not see any strong association
of ICA or bulb IMT with age. The Vascular Aging Study, which was limited to women,
showed results different from ours, but that study did not use quantitative ICA IMT
measurements.42 In the San Antonio study, Wei et al43 showed that total cholesterol and
systolic BP were more strongly associated with CCA IMT than with ICA IMT but found a
much lower correlation between risk factors and IMT than ours (22% variability for CCA
IMT and only 12% for ICA IMT).43 O’Leary et al44 compared CCA IMT with ICA IMT but
used average values over multiple segments and found that risk factors explained 18% of the
variability in CCA IMT and 17% in ICA IMT, both values lower than what we report. None
of these studies reported on results for the maximum ICA IMT.

We note that although the maximum ICA IMT is more strongly associated with prevalent
CVD than CCA IMT, the relative effect of a 1-mm change in CCA IMT is more significant
than an equivalent 1-mm increase in ICA IMT (Table 4). This is in part explained by the
larger values and wider range for ICA IMT compared with CCA IMT (Table 1).

A possible limitation to our study was the use of an older-generation ultrasound device to
obtain carotid IMT measurements. However, the associations of carotid IMT with
cardiovascular risk factors and prevalent CVD1,6,45 were also observed for IMT values
derived from images taken with older-generation ultrasound imaging devices such the
Biosound 200IISA (Atherosclerosis Risk in Communities45), ATL Ultramark 4 (Rotterdam
Elderly Study1) and Toshiba SSA-270A (Cardiovascular Health Study6). Our results are
consistent with these studies with the exception that we were better able to obtain estimates
of ICA IMT and show slight differences between CCA and ICA IMT. Another limitation of
our study was the cross-sectional nature of our data. Analyses with incident cardiovascular
events are pending.

In summary, this study suggests that the maximum ICA IMT might add value to the mean
CCA IMT for cardiovascular risk assessments.
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Abbreviations

BP blood pressure

CCA common carotid artery

CI confidence interval

CVD cardiovascular disease

HDL high-density lipoprotein

ICA internal carotid artery

IMT intima-media thickness

OR odds ratio

ROC receiver operating characteristic
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Figure 1.
A, Three levels used in the Framingham carotid IMT protocol. The CCA image is taken just
before the carotid artery bulb (≈5 mm). The carotid artery bulb is measured at the level of
the proximal ICA sinus, typically centered on the flow divider. The ICA measurement is
made in the ICA where the walls are again parallel (ICA IMT). B, Composite carotid
sonograms used as part of the Framingham IMT protocol. The CCA IMT is measured
between 5 and 15 mm before the carotid bulb (lines), whereas the maximum IMT is
measured at the site of the thickest wall in the carotid artery bulb or proximal ICA IMT
(arrow).
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Figure 2.
Percent variability explained by the different risk factors in the Framingham risk score for
the two IMT variables: mean CCA IMT (bottom bars) and maximum ICA IMT (top bars).
Note that total cholesterol has a numeric value that is too small to be visible.
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Figure 3.
A, Receiver operating characteristic curve for mean CCA IMT as a predictor of prevalent
CVD (area under the curve = 0.695). B, Receiver operating characteristic curve for
maximum ICA IMT as a predictor of prevalent CVD (area under the curve = 0.756).
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