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Abstract

Background—Carotid and coronary atherosclerosis are associated to each other in imaging and
autopsy studies. We evaluated whether carotid artery plaque seen on carotid ultrasound can predict
incident coronary artery calcification (CAC).

Materials and Methods—We repeated Agatston calcium score measurements in 5445
participants of the Multi-Ethnic Study of Atherosclerosis (MESA) (mean age 57.9 years; 62.9%
female). Internal carotid artery lesions were graded as 0%, 1-24%, >25% diameter narrowing and
intima-media thickness (IMT) was measured. Plaque was present for any stenosis > 0%. CAC
progression was evaluated with multivariable relative risk regression in cases with CAC =0 at
baseline and with multivariable linear regression for CAC > 0 adjusting for cardiovascular risk
factors, body mass index, ethnicity, and common carotid IMT.

Results—CAC was positive at baseline in 2708/5445 (49.7%) participants and became positive
in 458/2837 (16.1%) at mean interval of 2.4 years between repeat examinations. Plaque and ICA
IMT were both strongly associated with presence of CAC. After statistical adjustment, presence of
carotid artery plaque significantly predicted incident CAC with a relative risk(RR) of 1.37 (95%
Confidence Intervals: 1.12, 1.67). Incident CAC was associated with ICA IMT with an RR of 1.13
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(95% Confidence Intervals: 1.03, 1.25) for each mm increase. Progression of CAC was also
significantly associated (p < 0.001) with plaque and ICA IMT.

Conclusions—In individuals free of cardiovascular disease, subjective and quantitative
measures of carotid artery plaques by ultrasound imaging are associated with CAC incidence and
progression.

INTRODUCTION

Methods

Population

The presence of atherosclerotic lesions in the carotid arteries is correlated with the presence
of coronary artery disease on imaging studies-3. The presence of carotid and coronary
artery lesions also correlates in autopsy studies although they do not necessarily share the
same associations with cardiovascular risk factors?.

Atherosclerotic plaques go through structural changes as they progressively enlarge. During
the later stages, these plaques are composed of lipid rich deposits and fibrous tissue
intermixed with areas of necrotic thrombus and calcium deposition®. Coronary artery
calcifications expressed as a calcium score are recognized as a marker of coronary artery
disease as well as of coronary artery disease outcomes®. A calcium score of zero is
associated with a very low risk of cardiovascular outcomes’: 8. Factors leading to the
development of a positive calcium score would therefore be of importance.

Given that plaque deposits at the carotid artery bifurcation are correlated with coronary
artery lesions, calcified or not, it seems plausible that the presence of carotid artery lesions
might be associated with a higher likelihood of developing a positive calcium score.

We studied this hypothesis in the Multi-Ethnic Study of Atherosclerosis, a longitudinally
followed cohort composed of whites, black, Chinese and Hispanics by investigating the
associations between carotid artery lesions seen on ultrasound imaging and the short-term
likelihood of developing a positive calcium score.

MESA (Multi-Ethnic Study of Atherosclerosis) is composed of a multiethnic population of
6814 men and women aged 45-84 years without a history of clinical cardiovascular disease
at baseline enrolled between July 2000 and August 2002 at six sites in the United States. The
MESA cohort includes whites, African-American, Hispanic, and Chinese participants.
Participants were excluded at baseline if they had physician diagnosis of heart attack, stroke,
transient ischemic attack, heart failure, angina, atrial fibrillation or history of any
cardiovascular procedure®. Participants with weight above 300 Ibs, pregnancy, or any
medical conditions that would prevent long-term participation were also excluded. MESA
protocols and all studies described herein have been approved by the Institutional Review
Boards of all collaborating institutions. All participants gave informed consent.
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Risk factors and anthropomorphic variables

Age, gender, race/ethnicity, and medical history were self-reported. Use of anti-hypertensive
and lipid lowering medications (statins) was also recorded. Current smoking was defined as
self-report of one or more cigarettes in the last 30 days and prior smoking as any smoking
history before this interval. Body mass index was calculated from the participant's weight
divided by height? (kg/m?2). Resting systolic and diastolic blood pressures (BP) were
measured three times in the seated position using a Dinamap model Pro 100 automated
oscillometric sphygmomanometer (Critikon, Tampa, Florida).

Glucose and lipids were measured after a twelve-hour fast. Serum glucose was measured by
rate reflectance spectrophotometry on the Vitros analyzer (Johnson & Johnson Clinical
Diagnostics, Inc., Rochester, NY). Diabetes mellitus was determined using the 2003 ADA
fasting criteria algorithm10. Total cholesterol was measured using a cholesterol oxidase
method (Roche Diagnostics), as was HDL after precipitation of non-HDL cholesterol with
magnesium/dextran, triglycerides using Triglyceride GB reagent (Roche Diagnostics).

Carotid artery measures

The patients were supine with their head rotated 45° towards the side opposite to the side
being imaged. A transverse sweep was recorded from the low neck through the carotid
artery bifurcation into the internal carotid artery. Doppler velocity measurements were made
at the site of any bulb or proximal internal carotid artery lesion or in the proximal internal
carotid artery if no lesions were seen. A common carotid artery was then imaged at 45
degrees from the vertical with the beginning of the bulb shown on the image (to the left).
Three views centered on the internal carotid artery bulb were taken: one anterior, one lateral
(at 45 degrees) and one posterior. Images were acquired on the right and on the left. A
matrix array probe (M12L, General Electric, Milwalkee, W) was used with the frequency
set at 13 MHz for the common carotid artery and 9 MHz for the internal carotid artery and
with two focal zones at a frame rate of 32 frames-per-second.

All carotid artery measurements were blinded and made at the ultrasound reading center in
Boston, MA. The two common and six internal carotid artery images were used to measure
the intima-media thickness of both the near and far walls. Common carotid artery IMT was
calculated as the mean of the maximum IMT on each of the two common carotid artery
images. Maximum internal carotid artery IMT was calculated as the maximum wall
thickness seen on any of the internal carotid artery images®. Images of the internal carotid
artery (3 per side) and the videotaped transverse sweep were further reviewed to determine
the presence and severity of any lesion in the internal carotid artery, either near or far walls.
These lesions were graded with a semi-quantitative scale of 0% (absent lesion) and lesions
causing relative narrowing of 1-24% and >25%. Doppler velocity measurements at the site
of the lesions with peak-systolic velocities = 125 cm/sec were considered to be greater than
50% diameter narrowing!2. The 43 lesions detected in this fashion were included in the >
25% group. The greater of the right and left sides was used for final grading of lesion
severity. Readers were reviewed every 2 to 3 weeks during sessions to establish uniformity
of interpretations by having the principal investigator (JFP) review selected studies. All
carotid artery interpretations were blinded to demographics.
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Blinded replicate scans were performed and read on 112 participants. Agreement for the
presence of plague was measured as a kappa of 0.92 (standard error of 0.03). The correlation
coefficient for replicate ICA IMT measurements was 0.88 (n = 110) and 0.91 (n = 112) for
CCA IMT

Two separate coronary artery studies were acquired on each participant at baseline
(2000-2002) with either ECG-gated electron beam (EBCT) or multidetector (MDCT)
computed tomography during a breath hold3: 14, Presence of coronary artery calcium was
determined by the Agatston method. Scans were read centrally at the Los Angeles
Biomedical Research Institute at Harbor-UCLA. Calcification was considered as positive
when the Agatston score was greater than zero.

Separate coronary artery scans were repeated on a randomly selected half of the cohort at a
second cohort examination (September 2002 through January 2004) and on the other half at
the third examination (March 2004 through July 2005)15. Median interval between visits for
the whole cohort was of 2.4 years after the baseline examination. All coronary artery
calcium scoring was blinded to demographics.

We restricted our analyses to individuals with complete risk factors. Of the original 6814
participants, information was missing on risk factors in 157 and 5 had baseline
cardiovascular disease. Further information was missing on plaque in 11, common carotid
IMT in 83, and internal carotid artery IMT in 106.

All of these 6552 participants had baseline coronary artery calcium studies. Follow-up CAC
studies were available in 5445. Of the 107 participants without CAC follow-up studies,
follow-up was maintained in 607 through phone interviews or clinic visits while follow-up
was lost for 400 participants.

The development of a CAC score greater than zero was deemed a positive outcome in
individuals without a positive calcium score at baseline (n = 2837). Change in calcium score
was considered the outcome in individuals with a calcium score > 0 at baseline (h = 2708).

Statistical analyses

The mean (and standard deviation) values of continuous variables and the distribution of
dichotomous variables as a percentage in each group were shown.

Analysis of variance and the Chi-square test were used to compare individuals with repeat
CAC examinations to individuals without a CAC examination, stratified as individuals with
follow-up after the scheduled clinic visit as well as individuals lost to follow-up.

We compared the demographics of individuals with a positive calcium score to those with a
calcium score of zero at baseline using Chi-square and Student's t-tests.

The rate of developing a positive calcium score has been reported as being approximately
16% in MESA15, Because the odds ratios derived from logistic regression models tend to
overestimate the relative risk estimates in situations where the event rates are high, we used
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relative risk regression models1®. We used a modified Poisson approach to estimate the
relative risk and confidence intervals. Cardiovascular risk factors, time interval between the
two coronary artery calcium studies, and common carotid artery IMT were predictor
variables in multivariable risk regression models to which were added measurements of
plaque.

In cases with a positive calcium score at baseline, CAC change over time was used as
outcome in multivariable linear regression models that included the same risk factors as the
multivariable risk regression models.

Figures were generated showing the prevalence of positive CAC scores at baseline for each
plaque category and each ICA IMT quartile. Similar figures were generated for new onset
CAC > 0 and change in CAC over the follow-up period.

Statistical analyses were performed using STATA 11.2 (StataCorp, College Station, Texas).
Level of statistical significance was set to be two-sided at p < 0.05.

At baseline, the average age of the 5445 participants with follow-up CAC studies (Table 1)
was 61.8 years, younger than for individuals with no follow-up studies. Significant
differences were seen between the groups without repeat scans and those with, mostly for
sex, race/ethnicity, smoking status, diabetes, use of hypertensive medications, and systolic
blood pressures. No differences were seen for BMI, total cholesterol, HDL-cholesterol
levels, and use of statins. Overall, the study cohort had more favorable risk factor levels.

Comparing individuals with positive baseline CAC scores and those with a score of 0
showed significant differences for all risk factors with the exception of BMI and total
cholesterol (Table 2). The prevalence of CAC > 0 is shown in figure 1a as a function of the
degree of plaque formation and as a function of quartiles of internal carotid IMT in figure
1b. There is a progressive increase in the likelihood of having a positive calcium score as the
degree of plaque formation and ICA IMT increases.

The average age of individuals without a positive coronary artery calcium score was 57.8
years (9.1 years SD) and composed of 62.5% women and had a varied ethnic composition of
34.6% non-Hispanic Whites, 12.2% Chinese, 30.2% African American and 22.9%
Hispanics. After an average follow-up of 2.4 years, there were 458 cases of a new positive
calcium score (16.1%).

At follow-up, 24.1% of individuals with a carotid plaque and 13.3% of individuals without
plaque developed a positive calcium score. Stratifying by the mean time interval of 2.4
years, only 8.9% of individuals without carotid artery plaque (95/1073) and less than 2.4
years of follow-up developed a positive calcium score whereas 18.0% of individuals without
carotid artery plaque and 2.4 years or more of follow-up (180/1003) developed a positive
calcium score.
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Multivariable risk regression model (Table 3) with internal carotid artery plaque coded as
presence of plaque (relative risk ratio 1.37;1.12, 1.67) showed that smoking was not
associated with CAC progression, nor was use of statin medication, systolic blood pressure
or common carotid IMT. A similar pattern was seen when new models were generated with
plaque grade, ICA IMT, and quartiles of IMT substituted for presence of plague. The model
with plaque grades showed a RR of 1.37 (95% CI: 1.11, 1.69) for the 1-24% stenosis
category versus absence of plaque whereas the relative risk of a 25 to 49% stenotic lesion
was non-significant at 1.37 (95% confidence intervals: 0.97, 1.93). Addition of ultrasound
reader, participant level of education, level of activity, did not alter the association between
incident positive coronary calcium score and carotid artery plaque (data not shown). Internal
carotid artery IMT was a significant predictor of incident CAC with a RR of 1.14 (95% CI:
1.03, 1.25) for each 1 mm increase. When stratified by quartiles, only the highest quartile of
ICA IMT was significant with a RR of 1.41 (95% CI: 1.07, 1.87). The diagrams of figure 2
exemplify these findings, showing an association between incident CAC and the two
measures of carotid plaque.

Our multivariable linear regression model (Table 4) shows a strong association between
change in CAC as outcome (Table 4) and carotid plaque, even after adjusting for common
carotid artery IMT. Substituting ICA maximum IMT for plaque in the model also showed
strong association between ICA IMT and CAC progression. In both cases, use of statins was
not associated with CAC progression. Common carotid IMT was no longer a predictor of
CAC progression once internal carotid artery IMT was present in the model. This is likely
due to the correlation between internal and common carotid artery IMT. These findings also
suggest that internal carotid artery IMT is a stronger predictor of CAC progression than
common carotid artery IMT.

We graphically show the average change in CAC as a function of plaque severity (as %
stenosis) and by quartiles of ICA IMT in Figure 3. The increased likelihood of CAC
progression with the amount of plaque is clearly depicted.

Discussion

We have found that carotid artery bifurcation lesions are associated with the development of
a positive coronary artery calcium score after taking into account cardiovascular risk factors,
body mass index, and ethnicity.

The association between coronary artery lesions and carotid artery lesions is well known.
Autopsy studies have shown co-existence of lesions in both arterial beds* 1719, Studies
have shown the presence of coronary lesions in patients with carotid artery diseasel 3 and
the presence of carotid artery stenoses in patients with coronary artery disease? 29,

The aim of our investigation was to evaluate the possibility that a positive coronary artery
calcium score is more likely to develop in individuals who have evidence of plaque
formation in the carotid artery. This is under the general hypothesis that atherosclerosis
tends to develop in a systemic fashion and that the presence of plaque in the carotid artery

J Am Soc Echocardiogr. Author manuscript; available in PMC 2014 July 07.
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acts as a marker of coronary artery plaque. The processes responsible for the transformation
of non-calcified to calcified coronary artery plaque would then come into play®.

We first observe that the presence of CAC is associated with the presence of carotid plaque
and that there is a gradation of CAC burden that is a function of the amount of carotid
plaque (Figure 1). We find similar observations for incidence CAC (Figure 2) and
progression of a positive CAC score (Figure 3).

While we have found that the presence of carotid artery plaque is a statistically significant
marker of the new onset of a positive coronary artery calcium score, a positive calcium score
often develops in individuals who do not have evidence of carotid artery plaque formation.
For example, after a mean 2.4 years of follow-up, 13.3% of individuals without carotid
artery plaque develop a positive calcium score. The likelihood of developing a positive
calcium score is lower in individuals without carotid artery plagues at baseline over a
follow-up of 2.4 years or less as compared to those with a follow-up longer than 2.4 years
(8.9% versus 18.0%). While it is plausible that after 2.4 years, individuals can develop
plaques in their carotid and coronary arteries and then these new non-calcified coronary
artery plaques go on to calcify, this seems unlikely to have occurred over the short time span
of 2.4 years or less. It is still possible that this pathological process took place in some of the
individuals who had more than 2.4 years of follow-up, These findings do not suggest a one
to one correspondence between carotid and coronary artery plaque formation. Differences in
plaque prevalence and incidence in both arterial systems may be related to the marked
hemodynamic and geometric differences between the coronary and carotid arteries.

Our study is limited since not all individuals who had a coronary artery CT scan at baseline
went on to be have a repeat examination. Of the total 6452 individuals with calcium scores
and complete risk factor profiles at baseline, 1007 did not have a follow-up coronary artery
calcium study. On average, the participants with follow-up coronary artery calcium scores

tended to be younger and healthier that the participants who did not have follow-up (Table

1). This bias cannot be corrected for.

Most cardiovascular risk factors are strong predictors of a future positive coronary artery
score. However, although the absence of a carotid plaque does not exclude the presence of
coronary artery plaques, the presence of carotid plaque is strongly associated with the
development of a positive coronary artery calcium score. For example, data in Table 3 show
that the presence of carotid artery plaque has a higher relative risk for incident coronary
calcification than diabetes while smoking is not a significant predictor. We have also noted
that CAC progresses more rapidly in individuals who have carotid plaque. In this situation,
it is likely that the presence of plaque indicates substantial non-calcified plaque in the
coronary circulation. Verification of this hypothesis would require the measurement of non-
calcified plaque in the coronary artery system simultaneous with carotid ultrasound. We
were not able to perform such measurements.

A major strength of our study is the absence of prevalent cardiovascular disease at baseline.
As such, our results might be applicable to the primary prevention of cardiovascular disease.
If our findings are confirmed in other cohorts, then the presence of plague on a carotid
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ultrasound examination might have a value in identifying individuals at risk for developing a
positive calcium score in the short term.

We tested the hypothesis that two approaches to the measurement of carotid artery plaque
might help predict the development of a positive CAC score or its’ progression.

The first is a completely subjective one. This approach is simple and does not require any
specialized measurement processes such as edge detection for intima-media thickness of the
common carotid artery2! or time intensive tracing of intima-media thickness contours for
plaque area measurements22. It does, however, rely on the ability of a trained reader for
detecting and qualitatively grading these early lesions. This, we believe, is achievable by
most trained sonographers who have experience with clinical carotid artery examinations.
Identifying lesions of less that 50% diameter narrowing is already an element of the clinical
ultrasound examination?3, While we were able to classify plaques into grades of carotid
stenosis, these finer grades did not add much to the observed association between incident
positive coronary artery calcium score and the presence of any carotid artery lesion. A
dynamic sweep of the carotid artery through the bifurcation was performed in a transverse
plane in addition to the acquisition of longitudinal images of the carotid bifurcation. The
different readers involved with the carotid artery plaque readings reported that this
maneuver facilitated the interpretation of the carotid images.

Our second approach is the selection of the maximum internal carotid artery IMT in any of
the internal carotid artery images. This approach does require tracing the contour of the
intimalumen and media-adventitia interfaces. Once done, these contours are processed using
an automated algorithm to give an IMT value. This approach has been shown to generate
ICA IMT values that are associated with risk factors and add to the predictive value of the
Framingham Risk scores for cardiovascular eventsll: 24,

It is possible that more advances imaging approaches might improve the value of plaque
measurements for predicting coronary artery disease prevalence and progression2>.

Other limitations of our study are that: 1. Studies were acquired at six separate sites and, 2.
Studies were subjectively scored and therefore reader dependent. We tested whether these
factors affected our results by adjusting our statistical model for clinic site and reader and
did not find them to be significant predictors of the development of a positive calcium score
(data not shown).

In conclusion, we have found that the presence of carotid artery lesions is associated with
incident positive coronary artery calcium score and, from a statistical point of view, more
significant than diabetes and smoking. We have also found that more rapid progression of
coronary artery calcium is associated with the presence of plaque. These associations should
be taken into consideration when plaque is identified during a carotid artery examination.
Absence of carotid artery plague does not, however, exclude the possibility that a positive
coronary artery calcium score will develop over a two year period.

J Am Soc Echocardiogr. Author manuscript; available in PMC 2014 July 07.
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Figure 1a.

Baseline prevalence of positive CAC score for each degree of stenosis with corresponding
mean of maximum internal carotid artery intima-media thickness values of 0.95, 2.02 and
3.50 mm.

J Am Soc Echocardiogr. Author manuscript; available in PMC 2014 July 07.



Polak et al. Page 12

100
90 -
. 72.5
X 70 -
S 60 -
5 - 51.6
g 50-
e ORI ST
% 30 -
U -
20 -
10 -
0 -
2 3 4
Quartile of ICA IMT
Figure 1b.

Baseline prevalence of positive CAC score for maximum internal carotid artery intima-
media thickness (IMT) quartiles with corresponding mean values of 0.72, 0.99, 1.51, and
3.10 mm.
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Figure 2a.
Follow-up CAC incidence in participants with CAC = 0 at baseline as a function of degree

of stenosis with corresponding mean of maximum internal carotid artery intima-media
thickness of IMT 0.93, 1.92 and 3.22 mm.
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Figure 2b.
Follow-up CAC incidence in participants with CAC = 0 at baseline as a function of internal

carotid artery intima-media thickness (IMT) quartiles with corresponding mean IMT values
of 0.68, 0.90, 1.13. 2.34 mm.
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Figure 3a.

Follow-up change in CAC score in participants with CAC > 0 at baseline as a function of
degree of stenosis with corresponding mean of maximum internal carotid artery intima-
media thickness values of 0.98, 2.10 and 3.56 mm.
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Figure 3b.
Follow-up change in CAC score in participants with CAC > 0 at baseline as a function of

internal carotid artery intima-media thickness (IMT) quartiles with corresponding mean IMT
values of 0.78, 1.19, 2.05, and 3.54 mm.
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Table 1

Demographics of cohort members and exclusions due to missing coronary artery calcium (CAC) scores

Variable

Age (years)

Sex (women)
Race/Ethnicity

White

Chinese

Blacks

Hispanic

Smoking Status

Never smoked

Prior smoker

Current smoker

Diabetes (yes)
Hypertensive medications (yes)
Statin Medication (yes)
Body mass index (kg/m2)
Systolic pressure (mmHg)
Total cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Stenosis

No plaque

1-24% narrowing

> 25% narrowing
Common carotid IMT”
Maximum Internal carotid
IMT

CAC positive (>0)

Number

Follow-up without CAC  No follow-up  Study cohort

63.3+10.4
57.7%

36.4%
11.9%
29.0%
22.1%

51.1%
33.3%
15.7%
15.7%
40.2%
13.8%
28.4+5.6
129.1+23.3
195.7+£37.9
51.1+15.9

54.4%

30.3%

15.3%
0.88+0.20

1.67+1.06

51.6%
607

65.0£10.4
51.5%

26.2%
11.0%
33.5%
29.3%

45.5%
36.5%
18.0%
22.3%
44.5%
14.5%
28.6+5.6
131.5+23.9
192.7+39.3
50.5+15.0

49.0%

32.0%

19.0%
0.91+0.23

1.80+1.11

62.5%
400

61.8+10.2
52.2%

39.9%
12.2%
26.6%
21.3%

50.6%
36.9%
12.5%
13.09
35.8%
14.9%
28.2+5.4
125.8+21.0
194.2+35.2
51.0+14.7

59.2%

28.3%

12.5%
0.87+0.19

1.57+1.03

48.8%
5445

p-value

<0.0001
0.03

<0.0001

0.003

<0.0001

<0.0001
0.77
0.31

<0.0001
0.95
0.79

P <0.0001

0.0001

<0.0001

< 0.0001

*
Intima-media thickness (IMT)
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Demographics of participants with Coronary Artery calcium (CAC) score of 0 at baseline as compared to

participants with a CAC > 0.

Age (years)

Sex (women)
Race/Ethnicity

White

Chinese

Black

Hispanic

Smoking status

Never

Previous

Current

Diabetes (yes)
Hypertensive medications (yes)
Statin medication (yes)
Body mass index (kg/m2)
Systolic pressure (mmHg)
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Stenosis

No plaque

1-24%

> 25%

Common carotid IMT" (mm)

Maximum internal carotid IMT" (mm)

Total

CAC=0
57.849.1
62.5%

34.6%
12.2%
30.2%
22.9%

56.3%
31.1%
12.7%
9.8%
27.7%
9.5%
28.2+5.6
121.9+20.1
193.8+34.5
52.5+15.0

73.2%
21.3%
5.5%
0.82+0.16
1.27x0.77

2837

CAC>0
66.0+9.5
41.4%

45.4%
12.1%
22.8%
19.7%

44.7%
43.0%
12.3%
16.6%
44.4%
20.6%
28.2+5.2
129.9421.2
194.5+35.9
49.5+14.1

44.5%
35.6%
19.9%
0.90+0.20
1.90+1.16

2708

p-value
<0.001
<0.001
<0.001

<0.001

<0.001
<0.001
<0.001

0.69
<0.001

0.43
<0.001
<0.001

<0.001

<0.001

*
Intima-media thickness
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Multivariable associations of risk factors with the development of a positive calcium score as outcome using
risk regression modeling (n = 2837).

Variable

Age (years)

Sex (male)

Race /ethnicity

Whites (referent)

Chinese

Black

Hispanic

Smoking

none (referent)

previous

current

Diabetes (yes)

Blood pressure lowering medications (yes)
Statin therapy

Body mass index (kg/m2)
Systolic pressure (mmHg)
Cholesterol (mg/dL)
HDL-cholesterol (mg/dL)

Time (years)

Common carotid IMT” (mm)

Plaque (yes)

Relative Risk (RR)

1.03
1.43

0.75
0.75
0.78

112
121
1.23
1.32
1.28
1.034
1.005
1.003
0.990
141
0.92

RR Lower 95% confidence
interval

1.02
1.15

0.52
0.59
0.61

0.91
0.91
0.94
1.07
0.97
1.015
1.000
1.001
0.983
1.27
0.50

112

RR Upper 95% confidence
interval

1.04
1.76

1.08
0.95
1.01

1.37
1.63
1.61
1.63
1.69
1.052
1.010
1.006
0.998
1.57
171

p-value

<0.001
0.001

0.12
0.02
0.06

0.29
0.19
0.13
0.01
0.08
<0.001
0.07
0.01
0.01
<0.001
0.80

0.002

*
Intima-media thickness
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Multivariable linear regression model applied to change in coronary artery calcium (CAC) as outcome in

participants with CAC > 0 at the baseline visit (n = 2708).

Variable

Age (years)

Sex (male)

Race /ethnicity

Whites (referent)

Chinese

Black

Hispanic

Smoking

none (referent)

previous

current

Diabetes (yes)

Blood pressure lowering
medications (yes)

Statin therapy

Body mass index (kg/m2)
Systolic pressure (mmHg)
Cholesterol (mg/dL)
HDL-cholesterol (mg/dL)

Time (years)

Common carotid IMT” (mm)

Plaque (yes)

Beta coefficient ~ Standardized beta

0.099 2.4
0.109 50.8
-0.018 -12.8
-0.022 -12.2
-0.057 -32.8
0.035 16.4
0.020 141
0.142 88.0
0.054 25.2
0.028 15.7
0.041 1.8
0.030 0.3
-0.001 -0.009
0.004 0.070
0.252 68.0
0.050 575
0.118 54.4

P-value
<0.001
<0.001

0.36
0.27
0.004

0.071
0.31
<0.001

0.005
0.14
0.046
0.12
0.94
0.83
<0.001
0.014

<0.001

*
Intima-media thickness
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