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Abstract
Background—Despite the significant morbidity and mortality attributable to cardiovascular
disease (CVD), risk stratification remains an important challenge in the chronic kidney
disease(CKD) population. We examined the discriminative ability of non-invasive measures of
atherosclerosis, including carotid intima-media thickness(cIMT), carotid plaque, coronary artery
calcification(CAC) and ascending and descending thoracic aorta calcification(TCAC), and
Framingham Risk Score (FRS) to predict self-reported prevalent CVD.

Methods and Results—Participants were enrolled in the cIMT ancillary study of the Chronic
Renal Insufficiency Cohort(CRIC) Study and also had all of the above measures within an 18
month period. CVD was present in 21% of study participants. C-statistics were used to ascertain
the discriminatory power of each measure of atherosclerosis. The study population (n=220) was
64% male; 51% black and 45% white. The proportion of individuals with estimated glomerular
filtration rate ≥60, 45–59, 30–44, and <30ml/min/1.73m2 was 21%, 41%, 28%, and 11%,
respectively. In multivariable analyses adjusting for demographic factors, we failed to find a
difference between CAC, carotid plaque, and cIMT as predictors of self-reported prevalent CVD
(c-statistic 0.70, 95% confidence interval [CI]: 0.62–0.78; c-statistic 0.68, 95% CI: 0.60–0.75, and
c-statistic 0.64, CI: 0.56–0.72, respectively). CAC was statistically better than FRS. FRS was the
weakest discriminator of self-reported prevalent CVD (c-statistic 0.58).
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Conclusions—There was a significant burden of atherosclerosis among individuals with CKD,
ascertained by several different imaging modalities. We were unable to find a difference in the
ability of CAC, carotid plaque, and cIMT to predict self-reported prevalent CVD.
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Introduction
Individuals with CKD are at extraordinarily high risk of adverse cardiovascular events. 1

The reasons for this excess cardiovascular risk are manifold and likely related to a CKD
milieu that promotes vascular calcification and atherogenesis. Beyond traditional
cardiovascular risk factors, such as hypertension, diabetes, and dyslipidemia, CKD is
characterized by an inflammatory state that has been proposed to be an independent risk
factor for atherosclerosis.2 CKD is also associated with hyperphosphatemia, increased
oxidative stress and a decrease in vascular calcification inhibitors, resulting in up-regulation
of pathways that favor vascular smooth muscle transformation into osteoblast-like cells,
resulting in vascular calcification.3

Vascular calcification is exceedingly common in CKD and can occur in the intima and/or
media of blood vessels in multiple vascular beds.4 Vascular calcification of the media, also
common in diabetes, leads to increased arterial stiffness, increased pulse wave velocity, and
left ventricular hypertrophy.5 Alternatively, intimal vascular calcification occurs in both
CKD and non-CKD population and is directly related to atherosclerosis and ischemic CVD.6

Noninvasive methods such as carotid ultrasound and computed tomography are used to
quantify atherosclerosis and determine the presence of vascular calcification. CAC
correlates with obstructive coronary artery disease in both the general and CKD
population. 7,8 CKD is a risk factor for the presence of CAC, as well as CAC
progression.9,10 While cIMT and CAC predict adverse cardiovascular events11,12, CAC is a
more robust predictor of coronary events while cIMT may be a better predictor of stroke in
the general population.13 Less is known about the predictive utility of thoracic aorta
calcification and carotid plaque, which are emerging markers of increased cardiovascular
risk and morality.14

To date, no published study has compared several different measures of cardiovascular risk
stratification in a population with CKD. Therefore, we assessed the ability of CAC, cIMT,
carotid plaque, and ascending and descending TAC to discern prevalent CVD in CKD.

Methods
Study Design

This is a cross-sectional study of non-invasive measures of atherosclerosis as part of the
cIMT ancillary study of the Chronic Renal Insufficiency Cohort (CRIC). The CRIC has
been described in detail.15 In brief, the CRIC is a multi-center prospective cohort study
comprised of 3939 patients with CKD, recruited from 7 centers in the United States. CRIC
cIMT participants were recruited from 4 of 7 CRIC sites with expertise in cardiovascular
imaging technology. Recruitment for the CRIC IMT ancillary started a year after
recruitment for the main CRIC started, and participants had a carotid ultrasound performed
at their convenience during any of their annual CRIC visits. CRIC participants are aged 21–
74 years with an estimated glomerular filtration rate (eGFR) 20–70ml/min/1.73m2 at the
screening visit as calculated by the abbreviated Modification of Diet in Renal Disease
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(MDRD) equation. Detailed medical histories, anthropometric and blood pressure
measurements were obtained. Participants also underwent an assessment of subclinical
cardiovascular disease. Individuals with a history of coronary artery bypass grafting were
excluded from CT study after 2005. Two hundred and twenty participants who underwent
both cIMT and CT within an 18 month time frame were included in this report. The mean
time between studies was 252 days with a median of 293 days. Physiological markers such
as creatinine and proteinuria were measured at each CRIC annual visit, and the results from
the visit nearest to the carotid ultrasound visit were used for this analysis. Written informed
consent was obtained from all study participants. The CRIC and the CRIC IMT ancillary
studies were approved by the institutional review boards from each institution.

Prevalent CVD was defined as a self-reported history of myocardial infarction or
revascularization, peripheral artery disease, and/or stroke. Participants were also asked to
report hospitalizations during subsequent visits. Participants also had the opportunity to
update their cardiovascular history during subsequent study visits, and the most up to date
information regarding CVD status was used in analyses. There was no independent
adjudication of the medical history obtained from participants. The FRS was based on the
risk prediction model detailed by D’Agostino and colleagues. 16 The calculated 10 year FRS
was then categorized ( <10%, 10%- <20%, and ≥20%).

Carotid Ultrasound
To ascertain cIMT and presence of carotid plaque, participants underwent carotid
ultrasound. Carotid ultrasonographic images were obtained using a standardized linear array
7.5 mHz probe in the ECG-gated B mode according to standardized protocols. Interpretation
of the carotid artery images was performed using an FDA approved software package
(Medical Imaging Applications, Iowa City, Iowa). Using the carotid bulb as an anatomic
reference, measurements were taken of the far wall of the common carotid artery as this
location provides the most consistent readings, with the carotid bulb serving as an anatomic
reference. A carotid plaque was defined as a focal region with CIMT >1.5 mm that protrudes
into the lumen and that is distinct from the adjacent boundary. 17

Computed Tomography (CT)
Participants underwent two electron-beam computed tomography (EBCT) s or multidetector
CT examination for CAC and TAC quantification as previously described. EBCTs were
performed on a C-150 Imatron scanner (GE, San Francisco, CA) according to established
protocol. CAC was performed in a random sample who were eligible for the procedure.
Approximately, a third of participants had CT. CAC, ascending thoracic aorta (TCAC), and
descending TCAC were scored separately using the Agatston method. EBCTs were scored
by a single reader for consistency. The EBCT score that was closest in proximity to the
carotid ultrasound examination was used for analyses.

Statistical Analysis
Descriptive statistics were performed using means with standard deviation and medians with
interquartile ranges for continuous variables and proportions for categorical variables.

The distribution of cIMT, plaque, CAC, ascending TCAC, and descending TCAC were not
normally distributed and thus were analyzed as categorical variables. A substantial portion
of individuals had no ascending or descending thoracic aorta calcification, so these variables
were categorized thus: 0, 1 to < median, and ≥ median. CAC was categorized as follows: 0,
1 - <100, 100 - <400, ≥400 Agatston units.
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To assess the degree of variance in the prevalence of CVD that can be explained by the
presence of traditional atherosclerotic risk factors in the study population and in subgroups
defined above, the discriminative power of the models was assessed using the c-statistics
and their 95% confidence intervals obtained using bootstrapping techniques. A multivariate
logistic regression model including demographic variables ( age, gender, and race) to obtain
an adjusted c-statistic was performed. The statistical software package SAS version 9.2 was
used for all analyses (SAS Institute, Inc, Cary, NC).

Results
Demographic and comorbidity data is presented in Table 1. The average age was 61.6 years,
with a predominance of men (64%). Approximately half of the study population was black.
Although the self-reported prevalence of CVD was 20%, risk factors for CVD were
common with hypertension and diabetes affecting 90% and 55% of the population,
respectively. The metabolic syndrome was present in 55% of participants, a marker of
increased CVD risk. Unadjusted analyses revealed a statistically significant association
between eGFR with CAC and cIMT (Supplemental Table 1).

We found that several subclinical measures had increased values as the CAC scores
increased in participants without self-reported CVD (Table 2). This was more evident with
carotid plaque and descending TAC.

In unadjusted analyses, the ability of CAC, carotid plaque, and cIMT to discriminate
prevalent CVD were comparable with c-statistics of 0.67, 0.64 and 0.61, respectively
(p>0.05). Ascending and descending thoracic aortic calcifications with c-statistics of 0.54
and 0.57, respectively. The FRS has been validated in the general population but had
marginal discriminatory value in this setting, with a c-statistic of only 0.56 (Table 3). After
adjusting for age, gender, and race in multivariable logistic regression analyses, the
discriminatory power of each measure of CVD risk improved. CAC appeared to be the best
predictor of self-reported prevalent CVD followed by carotid plaque, with c-statistics of the
adjusted models 0.70 and 0.68, respectively. The c-statistics for ascending and descending
TAC also improved modestly. FRS was the least discriminatory (c-statistic 0.58).
Differences between CAC, carotid plaque, and cIMT were not statistically significant.

Discussion
This study evaluates different measures of cardiovascular risk stratification including CAC,
ascending and descending TCAC, cIMT, carotid plaque, and the FRS in a diverse cohort of
individuals with CKD. Using these different imaging modalities, we identified a high burden
of atherosclerosis among individuals with CKD. Of the non-invasive direct measures of
atherosclerosis, we were unable to detect any statistical difference between CAC and carotid
plaque or cIMT as predictors of self-reported prevalent CVD.

Non-invasive measures of atherosclerosis are increasingly used in the CKD population for
cardiovascular risk stratification. 18 It is postulated that both traditional and non-traditional
risk factors contribute to the early and extensive CAC that has been observed among
individuals with CKD.10 CAC has several advantages which include an established
algorithm, wide availability and lack of dependence on the operator. Measurement of cIMT,
on the other hand, is operator dependent and requires specialized equipment and training. In
the Multiethnic Study of Atherosclerosis in individuals without self-reported CVD, CAC
was superior to cIMT for prediction of any incident CVD or any coronary event. 13 However
in the same study, cIMT was a better predictor of stroke. Prospective data regarding the role
of non-invasive measures of atherosclerosis and cardiovascular risk stratification are limited
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in the non-dialysis dependent CKD population. There is evidence that there is a direct
correlation between CAC score and obstructive luminal lesions within coronary arteries in
patients with CKD.8 CAC is superior to IMT in predicting self-reported prevalent CVD
identified by coronary angiography.19 Further, CAC is associated with increased
cardiovascular events and hospitalizations.18 Although we found that CAC is associated
with the highest index of discrimination for self-reported prevalent CVD which improved
with the inclusion of demographic variables, we were unable to find a statistical difference
with the other subclinical measures to predict self-reported prevalent CVD in our
population. This improvement after adjustment reflects confounding by age, gender, and
race, variables that have been associated with CAC in other studies.9

We did not find a statistically significant difference in the discriminative power of CAC,
carotid plaque, and cIMT. Prior research has shown that carotid plaque and cIMT are highly
correlated, and each independently predicts cardiovascular events in non-CKD cohorts.20 To
date, there are no studies in the CKD population that compare cIMT and plaque prediction
of CVD, although the CRIC study is poised to address this question in the future. A
prospective study of individuals with ESRD found that carotid plaque progression, and not
IMT, was an important predictor of cardiovascular events suggesting that plaque is a more
sensitive measure of atherosclerosis than cIMT.21 In our study, we found that the c-statistic
for carotid plaque was higher than that of cIMT in both univariable and multivariable
analyses, however, this difference was not statistically significant. We may not have been
sufficiently powered to detect a difference between carotid plaque and IMT. Nonetheless,
our results indicate that the use of carotid plaque and cIMT would be reasonable alternatives
to CAC. There is increasing concern about the use of radiation with CT. Therefore, our
results demonstrate that carotid ultrasound may be a reasonable alternative. In addition,
particularly in younger individuals (20–30 years) who typically do not have calcification,
carotid ultrasound is likely the more appropriate subclinical cardiovascular tool.

Aortic arch calcification (AAC) is prevalent in CKD18 and presence of AAC is associated
with other markers of increased cardiovascular risk.22 We found that neither ascending nor
descending aortic calcification was a strong predictor of self-reported prevalent CVD in
unadjusted analyses with only mild improvement in predictive power with multivariable
analyses.

In addition to non-invasive measures of atherosclerosis, clinical cardiovascular risk
prediction tools such as the FRS can be an effective means of cardiovascular risk
stratification in the general population. In our study population, the FRS was marginally
associated with self-reported prevalent CVD. Weiner and colleagues have previously
described a similar c-statistic for incident cardiovascular events predicted by the FRS among
men in a CKD cohort (10 year c-statistics 0.60 and 0.73 for men and women,
respectively).23 In comparison, our study population was comprised of significantly more
diabetic participants and a higher proportion of blacks, which may account for the
difference. Adjusting for demographic variables did not have a significant impact on the c-
statistic, likely because both age and gender are included in the Framingham risk
calculation.

There are important limitations of this study. First, we relied on participant self-report of
CVD, which may have introduced misclassification bias. It is well known that several
factors impact patient knowledge of CVD. Patients may underestimate or overestimate their
degree of cardiovascular risk.24 Lack of knowledge about co-morbidities has been
associated with increased mortality in a dialysis cohort.25. Misclassification bias may also be
present as a result of the possible lag between determination of prevalent CVD and
subsequent cardiovascular imaging. Second, our study was performed in a subset of CRIC
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clinical sites and therefore the sample size is limited. The results of this study may not be
generalizable to other populations. Participants in the CRIC study are not representative of
the general CKD population. Study participants were predominantly male with
predominantly stage 3 CKD, relative low level of proteinuria and good blood pressure
control. Thus, selection bias may have resulted in enrollment of a comparatively healthier
subset of individuals with CKD, limiting the generalizability of our findings. Finally, we are
not able to evaluate the predictive utility of each of these tests in measuring incident
cardiovascular events due to limited follow up.

In conclusion, subclinical cardiovascular measures identify a significant burden of disease in
CKD. CAC appears to be the best predictor of self-reported prevalent CVD. However, no
statistical difference was found with cIMT or carotid plaque. Carotid plaque and cIMT are
appealing in that radiation is not required to obtain these measures. Given the technical
expertise required to obtain IMT, presence of carotid plaque is emerging as an important
tool for cardiovascular risk stratification in CKD. Prospective studies such as CRIC will
allow us to determine the predictive value of these risk assessment tools for incident
cardiovascular events and mortality.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 2

Measurement Unadjusted
C-statistic

CI Adjusted
C-statistic*

CI

Coronary Artery Calcification 0.67 0.59–0.76 0.70 0.62–0.78

Carotid plaque 0.64 0.56–0.73 0.68 0.60–0.75

Carotid Intima Media Thickness 0.61 0.53–0.69 0.63 0.55–0.71

Ascending Thoracic Aortic
Calcification

0.54 0.49–0.59 0.64 0.56–0.71

Descending Thoracic Aortic
Calcification

0.57 0.49–0.66 0.61 0.52–0.69

10 year Framingham Risk 0.56 0.47–0.66 0.58 0.47–0.68

*
Adjusted for age, gender, and race
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