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ABSTRACT
Whether inclusion of the coronary artery calcium score improves cardiovascular risk prediction in
individuals with CKD, a population with unique calcium-phosphate homeostasis, is unknown. Among
6553 participants ages 45–84 years without prior cardiovascular disease in the Multi-Ethnic Study of
Atherosclerosis, coronary artery calcium score was assessed for cardiovascular risk prediction beyond
the Framingham predictors in those with (n=1284) and without CKD and contrasted with carotid intima-
media thickness and ankle-brachial index (two other measures of subclinical atherosclerosis). During a
median follow-up of 8.4 years, 650 cardiovascular events (coronary heart disease, stroke, heart failure, and
peripheral artery disease) occurred (236 events in subjects with CKD). In Cox proportional hazards models
adjusted for Framingham predictors, each subclinical measure was independently associated with cardio-
vascular outcomes, with larger adjusted hazard ratios (HRs; per 1 SD) for coronary artery calcium score
than carotid intima-media thickness or ankle-brachial index in subjects without and with CKD (HR, 1.69;
95% confidence interval [95% CI], 1.45 to 1.97 versus HR, 1.12; 95% CI, 1.00 to 1.25 and HR, 1.20; 95% CI,
1.08 to 1.32, respectively). Compared with inclusion of carotid intima-media thickness or ankle-brachial
index, inclusion of the coronary artery calcium score led to greater increases in C statistic for predicting
cardiovascular disease and net reclassification improvement. Coronary artery calcium score performed
best for the prediction of coronary heart disease and heart failure, regardless of CKD status. In conclusion,
each measure improved cardiovascular risk prediction in subjects with CKD, with the greatest improve-
ment observed with coronary artery calcium score.

J Am Soc Nephrol 26: 439–447, 2015. doi: 10.1681/ASN.2014020173

CKD, defined as reduced kidney function or dam-
age, is an important clinical condition that has a
prevalence of approximately 10%–15% in many
places of the world and increases the risk of adverse
outcomes, including cardiovascular disease
(CVD).1 Indeed, approximately one half of individ-
uals with CKD dies because of CVD,2 and thus, the
prevention of CVD is crucial in this population.
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Although appropriate risk classification creates the basis for
effective and efficient prevention strategy,3 it is controversial
whether conventional risk factors perform well for CVD pre-
diction in persons with CKD.4,5

In this context, coronary artery calcium (CAC) is a prom-
ising subclinical measure for CVD prediction, because it has
outperformed other subclinical measures for predicting the
composite of coronary heart disease (CHD) and stroke in the
general population.6,7 However, its performance has not been
specifically evaluated in those with CKD, a population with
unique calcium-phosphate homeostasis. Indeed, CAC may
not correlate well with severity of CHD in this population.8

Also, previous studies did not include CVD subtypes, such as
heart failure (HF) and peripheral artery disease (PAD), which
are more prevalent and clinically important in persons with
CKD compared with those without CKD.9,10

Therefore, the objective of this study was to assess CAC as
well as carotid intima-media thickness (IMT) and ankle-
brachial index (ABI) in terms of their associationswithCVD—
CHD, stroke, HF, and PAD—and contributions to prediction
improvement among individuals with CKD in a large general
population study. These three subclinical measures are recom-
mended in some clinical guidelines for CVD prediction
among those with intermediate risk on the basis of conven-
tional predictors.11 A secondary aim was to assess whether
resulting findings were specific to those with CKD compared
with those without CKD.

RESULTS

Of 6553 study participants, 19.6%
(n=1284) had CKD by the Chronic Kidney
Disease Epidemiology Collaboration
(CKD-EPI) creatinine equation or albumin-
to-creatinine ratio. Those with CKD gener-
ally had a poorer CVD risk profile (e.g., older
age, higher prevalence of hypertension, and
diabetes) comparedwith thosewithoutCKD
(Table 1). Compared with those without
CKD, individuals with CKD were unlikely
to be current smokers. There were no sub-
stantial racial/ethnic differences between
CKD and non-CKD subgroups. CAC and
IMT tended to be higher in those with
CKD compared with those without CKD.
The mean of ABI was similar between
CKD and non-CKD groups.

During a median follow-up of 8.4 years,
there were 650 incident CVD events, with
236of these eventsoccurring inparticipants
with CKD. The 650 CVD events included
387 CHD events, 138 strokes, 190 HF
events, and 70 events of PAD; 110 partic-
ipants had two or more constituent events,

mostly CHD with HF. The overall incidence rate of CVD was
13.3/1000 person-years. Those with CKD had a higher de-
mographically adjusted incidence rate of CVD than those
withoutCKDacross the entire range of values of the subclinical
measures, except at high levels of ABI (approximately 1.4)
(Figure 1). Although there was generally a graded association
between each measure and the risk of CVD, the risk gradient
was steeper for CAC and ABI than for IMT, regardless of CKD
status. A J-shaped association (higher risk at normal range)
was observed for IMT in CKD and ABI in non-CKD groups
but not for CAC.

When further adjusted for other conventional factors,
regardless of CKD status, those in the top quartile (Q4)
had a significantly higher risk of CVD compared with those in
the bottom quartile (Q1 [+Q2 for CAC]) for CAC and ABI but
not for IMT (Table 2). The corresponding hazard ratio (HR)
wasmuch greater for CAC than for ABI in both CKD and non-
CKD groups (HR, 3.02; 95% confidence interval [95% CI],
2.03 to 4.50 versus HR, 1.63; 95% CI, 1.09 to 2.45 and HR,
4.11; 95% CI, 3.11 to 5.44 versus HR, 1.60; 95% CI, 1.21 to
2.13, respectively). The HRs were statistically significant even
inQ3 for CAC in both groups. In contrast, no risk gradient was
observed across Q1–Q3 for IMT and ABI.

We observed similar results for a composite of CVD when
every subclinical measure was modeled as a continuous
variable, except that IMT reached significance in this model
among those with and without CKD (Table 3). The HRs for
every subclinical measure were smaller in those with CKD

Table 1. Baseline characteristics according to CKD status

Characteristics Overall CKD No CKD

N 6553 1284 5269
Age, yr 62 (10) 69 (9) 60 (10)
Men, % 48 46 48
Race, %

White 39 39 39
Black 27 28 27
Hispanic 22 21 22
Asian 12 12 12

Current smoker, % 13 10 14
Hypertension, % 45 69 39
Antihypertensive, % 37 59 31
Systolic BP, mmHg 127 (21) 137 (23) 124 (20)
Diastolic BP, mmHg 72 (10) 73 (11) 72 (10)
Total cholesterol, mmol/L 5.0 (0.9) 5.0 (1.0) 5.0 (0.9)
HDL cholesterol, mmol/L 1.32 (0.38) 1.29 (0.37) 1.32 (0.38)
Diabetes, % 12 23 10
Fasting glucose, mmol/L 5.4 (1.7) 5.9 (2.2) 5.3 (1.5)
eGFRcre, ml/min per 1.73 m2 78 (16) 62 (18) 82 (13)
ACR, mg/g 5.3 (3.3–10.9) 22.4 (5.1–70.9) 4.8 (3.2–8.3)
CAC 0 (0–85) 31 (0–224) 0 (0–58)
Z score maximum IMT 20.01 (1.00) 0.37 (1.11) 20.10 (0.95)
ABI 1.11 (0.12) 1.08 (0.14) 1.12 (0.11)

CKD defined as eGFRcre,60 ml/min per 1.73 m2 or urinary albumin-to-creatinine ratio$30 mg/g.
Values are mean (SD), percent, or median (interquartile range). eGFRcre, eGFR by the CKD-EPI cre-
atinine equation; ACR, albumin-to-creatinine ratio.
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compared with those without CKD, and the interaction was
significant for CAC (P=0.02) and IMT (P,0.001) in univar-
iate models but not multivariable models (P.0.13). When
CVD types were analyzed separately, the largest HRs were

observed with CAC for CHD and HF in both CKD and non-
CKD groups (Table 3). For stroke, none of the subclinical
measures showed significant associations among those with
CKD, whereas a significant association was only seen for CAC
among those without CKD. Regarding PAD, both CAC and
ABI showed significant associations regardless of CKD status,
with larger adjustedHR for ABI in the CKD group but for CAC
in the non-CKD group.

CAC showed more evident improvement for CVD pre-
diction in all statistics compared with IMTand ABI, regardless
of CKD status (Table 4). In the CKD group, C statistics sig-
nificantly improved when CAC was added. No significant in-
crement in the C statistic was observed for IMTor ABI. In this
population, significantly positive categorical net reclassifica-
tion improvement (NRI) was only observed for CAC (0.14;
95% CI, 0.03 to 0.24), and it was mainly because of better
reclassification among those who developed CVD outcomes
during follow-up. Although IMT and ABI showed some im-
provement, whichwas determined by the continuous NRI and
integrated discrimination improvement (IDI), the estimates
were much smaller than those for CAC. The superiority of
CAC to IMT and ABI was confirmed in the CKD group, re-
gardless of stage (Supplemental Table 1) and age (Supplemental
Table 2) or when restricted to eGFR,45 ml/min per 1.73 m2

and/or kidneydamage (Supplemental Table 3).We also observed
consistent results in those without CKD (Table 4).

When everyCVDtypewas assessed separately, thebest value
for each prediction statistic for CHD and HF was consistently
observed for a model with CAC, regardless of CKD status
(Supplemental Tables 4 and 5). In contrast, little improvement
was observed for stroke with any of three measures (Supple-
mental Table 6), and ABI showed the best improvement in
PAD prediction overall (Supplemental Table 7). Finally, we
observed similar findings when the CKD-EPI equation with
both creatinine and cystatin C was used to define CKD (data
not shown).

DISCUSSION

This study compared the additional values of CAC, IMT, and
ABI, the most studied subclinical measures,11 for CVD pre-
diction among individuals with and without CKD. Despite the
concern about the performance of CAC among those with
CKD because of unique calcium-phosphate metabolism,8

the association with global CVD was strongest for CAC in
this population, which translated to the most evident im-
provement in CVD prediction over IMT and ABI as shown
in the general population.6,7 When each CVD subtype was
analyzed separately, CAC was superior to the other two sub-
types for CHD and HF prediction, regardless of CKD status.
Little improvement was observed for stroke by any of these
measures, whereas ABI best improved PAD prediction overall.
Although CAC, IMT, and ABI are recommended for CVD
prediction among those with intermediate risk in some

Figure 1. Adjusted incidence rate of CVD in participants with and
without CKD according to CAC, IMT, and ABI and their dis-
tributions. The solid lines (red, CKD; blue, non-CKD) show esti-
mated incidence rates of CVD (per 1000 person-years) and 95%
CIs (whiskers and shaded area) with spline (knots at thresholds
defining quartiles) for (A) CAC, (B) IMT, and (C) ABI. The incidence
rate was adjusted to mean age, men, and whites, and the plot was
truncated at 0.5th and 99.5th percentiles of each marker. The
dashed lines (red, CKD; blue, non-CKD) show the distribution of
each subclinical measure on the basis of kernel density estimate.
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clinical guidelines,11 our findings strongly support the
use of CAC for better CVD prediction in those with
CKD as well as those without CKD.

The evident superiority of CAC to IMTandABI for the
prediction of global CVD consisting of CHD, stroke, HF,
and PAD in our study is consistent with previous reports
dealing with composite of CHD and stroke.6,7 The out-
performance of CAC over IMTand ABI for HF prediction
was novel, although this finding may not be surprising
with CHD as a leading cause of HF.12 Nevertheless, the
burden of HF is expected to grow,13 and thus, our results
have important clinical and public health implications.
The superiority of CAC was robust across various pre-
diction statistics that have not been previously evaluated
in this context, such as continuous NRI and IDI. Further-
more, we used methods for these prediction statistics
accounting for censoring.14,15

Despite its strong association with CVD and contri-
bution to improved prediction, there are several caveats
about CAC in CVD prediction. Exposure to ionizing
radiation of approximately 1 millisievert is a concern.16

This issue is particularly relevant if follow-up evaluation
is required to update CVD risk. Cost-effectiveness is an-
other issue to be elucidated. It has been suggested that
abnormal CAC score encourages individuals to modify
their lifestyle or adhere to a pharmacologic prevention
strategy.16 Nevertheless, randomized trials should be
conducted to assess whether risk classification with
CAC score followed by risk-specific lifestyle or pharma-
cologic intervention results in reduced CVD incidence.
In this context, individuals with CKD may be a good
target population for those trials, because the benefit of
CAC evaluation may well outweigh its adverse effects
given their high CVD risk. Incidental findings during
computed tomography are also an important issue under
debate.17 Additionally, computed tomography scan is not
widely available in low-income countries.18

In this regard, IMTandABImay have some advantages
over CAC (e.g., no radiation, wider availability/accessi-
bility, or lower cost). However, their ability for global
CVD prediction was clearly inferior to CAC in both
CKD and non-CKD groups. It was somewhat unexpected
to see weak associations of IMTwith stroke, particularly
given an earlier Multi-Ethnic Study of Atherosclerosis
(MESA) article reporting a stronger association with
stroke for IMT compared with CAC during a median
follow-up of 3.9 years.6 However, a recent MESA article
with extended follow-up (median=5.8 years) showed no
association between IMT and stroke risk.19 This finding
may suggest that IMT is useful for short-term prediction
of stroke. Nevertheless, our findings are, overall, in line
with the fact that the latest guidelines from the American
Heart Association and American College of Cardiology
do not recommend IMT for predicting atherosclerotic
CVD.20 Given that none of three subclinical measuresTa
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improved stroke prediction in our study, additional investiga-
tions are needed for improving stroke prediction.

As anticipated, ABI was generally a stronger predictor of
PAD thanCACand IMT.Thus, if the goal is to best predict PAD,
ABI should be a first-line subclinical measure. It is yet to be
determined whether we need a prediction tool for each CVD
subtype or only global CVD.21–23 There are certain advantages
for global CVD prediction in terms of comprehensiveness,
simplicity, and probably cost. However, risk factors for each
individual CVD subtype are not identical. For example, the
contribution of diabetes and smoking is larger for PAD than
CHD.13 Thus, the prevention strategy can be different across
subtypes of CVD. Indeed, some potent drugs reducing CVD
risk, such as statin, have shown varying effects on CVD sub-
types.24 This aspect is particularly important from the inter-
national point of view, because the ratio of CHD and stroke
incidence substantially varies across regions.25 Thus, the se-
lection of subclinical measures should be tailored depending
on the demographic and clinical circumstances. Neverthe-
less, CHD is a worldwide issue,26 and the burden of HF is
growing worldwide.13 Therefore, CAC would likely lead
to better CVD prediction in a broad range of regions and
populations.

There are several limitations of our study. A relatively small
number of participants had CKD. Even so, it is still one of the
largest CKDdatasets ever tested simultaneously for CAC, IMT,
and ABI in terms of CVD prediction. Indeed, there were
sufficient numbers of CVD events among those with CKD to
show the significant improvement in risk prediction by CAC.
Most participants with CKD were at mild or moderate stages,
and thus, generalization of our data needs to be carefully done
to apply to those with more advanced CKD (e.g., patients on
dialysis). Nevertheless, in the United States, the vast majority

of people with CKD is at the mild to mod-
erate stages,27 and thus, our findings have
public health implications. We had only a
single-time point assessment of subclinical
measures, which is susceptible to random
errors and short-term variability and might
result in some misclassification, expected to
bias the results toward the null.

In conclusion, CAC, IMT, and ABI were
independently associated with global CVD,
including CHD, stroke, HF, and PAD, and
improved cardiovascular prediction in those
with CKD and without CKD. The improve-
ment for global CVD prediction was most
evident for CAC in both CKD and non-CKD
groups on the basis of its strong associations
with CHD and HF. Our results suggest that
CAC is useful to better classify CVD risk in
individuals with CKD as well as those without
CKD.

CONCISE METHODS

Study Participants
The MESA consists of 6814 participants without known history of

CVD who were ages 45–84 years at the initial examination conducted

during 2000–2002. Subjects were sampled from six communities in

the United States: Baltimore, MD; Chicago, IL; Forsyth County, NC;

Los Angeles County, CA; northern New York City, NY; and St. Paul,

MN. MESA was designed to enroll four racial/ethnic groups: white,

black, Hispanic, and Chinese.7 Baseline information on demographics,

lifestyle, medical history, and medication use was obtained by trained

interviewers. Blood samples were obtained at rest after a 12-hour fast.7

Of 6814 participants, 9 participants were discovered to have had

prevalent CVD at baseline, and 32 participants did not have follow-up

data. We also excluded participants who had missing values of kidney

measures (n=33), conventional predictors (n=45), or one or more of

three subclinical measures of interest (n=142), leaving a final study pop-

ulation of 6553 participants. Those withmissing dataweremore likely to

have a somewhat poorer CVD risk profile compared with those without

missing data (mean age, 64 versus 62 years; current smokers, 16% versus

13%; diabetes, 17% versus 12%; hypertension, 52% versus 45%). The

study was approved by the Institutional Review Boards of all constituent

institutions, and all participants provided informed consent.

Assessment of Subclinical Measures at Baseline
The Agatston score was recorded as the average of two scans obtained

by multidetector or electron beam computed tomography28,29 on the

basis of the phantom-adjusted sum of calciummeasures from the left

and right coronary arteries.30 CAC measurement was centrally conducted

at the MESA Computed Tomography Reading Center (Harbor-

University of California Los Angeles Research and Education Institute,

Los Angeles, CA).29 Both interobserver and intraobserver agreements

were excellent (k$0.90).31

Table 3. Adjusted HR (95% CI) of CVD for subclinical measures among
participants with and without CKD

Predictors
Subclinical Measure

CACa IMTb ABI

CVD
CKD 1.69 (1.45 to 1.97) 1.12 (1.00 to 1.25) 1.20 (1.08 to 1.32)
Non-CKD 1.89 (1.69 to 2.12) 1.19 (1.08 to 1.31) 1.27 (1.16 to 1.40)

CHD
CKD 2.36 (1.88 to 2.98) 1.18 (1.02 to 1.37) 1.14 (1.00 to 1.30)
Non-CKD 2.19 (1.87 to 2.55) 1.31 (1.16 to 1.47) 1.32 (1.17 to 1.48)

Stroke
CKD 0.99 (0.74 to 1.32) 1.04 (0.81 to 1.35) 1.08 (0.87 to 1.34)
Non-CKD 1.38 (1.09 to 1.75) 1.01 (0.81 to 1.26) 1.08 (0.88 to 1.32)

HF
CKD 1.55 (1.21 to 1.97) 1.07 (0.88 to 1.30) 1.01 (0.85 to 1.20)
Non-CKD 1.47 (1.18 to 1.83) 1.05 (0.86 to 1.27) 0.99 (0.82 to 1.19)

PAD
CKD 1.67 (1.11 to 2.53) 1.22 (0.88 to 1.69) 2.20 (1.76 to 2.75)
Non-CKD 2.42 (1.62 to 3.61) 1.44 (1.08 to 1.91) 1.96 (1.57 to 2.44)

HR per 1 SD higher (CAC and IMT) or lower (PAD) is shown.
aln(CAC score+1).
bZ score for overall maximal internal and common carotid IMT.
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B-mode ultrasonography of the right and left near and far walls of

the internal carotid and common carotid arteries was performed by

trained technicians using the Logiq 700 Ultrasound Device (General

Electric Medical Systems, Waukesha, WI).6 The MESA Ultrasound

Reading Center (Department of Radiology, Tufts–NewEnglandMed-

ical Center, Boston, MA) measured maximal IMTof the internal and

common carotid sites as the mean of the maximum IMTof the near

and far walls of the right and left sides. As previously conducted,6 we

used a composite Z score for overall maximal IMT (the sum of the

values at the two carotid IMTsites after standardization [subtraction

of the mean and division by the SD of each measure] divided by the

SD of the sum). If only one of two measures was available, a Z score

for the single site was used. The rescan and the reread coefficients of

variation were 7.1% and 3.5%, respectively.7

Regarding ABI, systolic BP was measured at the bilateral brachial,

dorsalis pedis, and posterior tibial arteries in the supine position using a

handheld Doppler instrument with a 5-MHz probe.32 To avoid a po-

tential bias from subclavian stenosis, the higher value was used for the

brachial artery pressure. For ankle artery pressure, the highest pressure

from dorsalis pedis or posterior tibial was used for that leg. ABI was

calculated as the ratio of brachial-to-ankle artery pressure for each leg,

and the smaller value was recorded.33 The intrareader and inter-reader

coefficients of variation were 5.1% and 3.3%, respectively.7

Definition of CKD
CKDwas primarily defined as reduced eGFR (,60ml/min per 1.73m2)

on the basis of theCKD-EPI creatinine equation34,35 or the presence of a

spot urine albumin-to-creatinine ratio ($30 mg/g).36 We repeated the

analysis using eGFR on the basis of the CKD-EPI equation with both

creatinine and cystatin C.37 Serum creatinine was measured by rate

reflectance spectrophotometry using thinfilm adaptation of the creatine

amidinohydrolase method. Cystatin C was measured by a BNII

Nephelometeronplasma specimens (NLatexCystatinC;DadeBehring,

Inc., Deerfield, IL). Urinary albumin and creatinine were measured

using the Array 360 CE Protein Analyzer (Beckman Instruments, Inc.,

Drea, CA) and the Vitros 950IRC instrument (Johnson & Johnson

Clinical Diagnostics, Inc., Rochester, NY), respectively.

Covariates
Thecovariatesusedfor thereferencemodel in this study includedallof the

predictors used in the Framingham risk score for global CVD pre-

diction.22 BP was measured three times with participants in the sitting

position after 5 minutes of rest, and the average of the last two readings

was recorded. The use of antihypertensive medication was determined

by self-report. Diabetes mellitus was defined as a fasting glucose$7.0

mmol/L, self-reported history of diabetes, or use of glucose-lowering

medications. Serum glucose was measured by rate reflectance spectro-

photometry. Use of antihypertensive and glucose-lowering medications

was on the basis of reviewofmedication containers. Total cholesterol and

HDL cholesterol were determined using the cholesterol oxidasemethod.

Smoking status was dichotomized as current versus former/never.

Cardiovascular Outcomes
Our primary outcome was a composite CVD including the first

incidence of CHD, stroke, HF, and PAD, which was implemented inTa
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the Framingham global CVD prediction tool.22 Each CVD subtype

was also analyzed separately. MESA conducts continuous, compre-

hensive surveillance for all CVD-related hospitalizations and deaths,

and experts (including cardiologists, physician epidemiologists, and

neurologists) adjudicate all CVD events.6,7 Incident CHD included

definite or probable myocardial infarction, resuscitated cardiac ar-

rest, definite or possible coronary death, definite angina pectoris

(symptom with objective evidence of ischemia [coronary angiogra-

phy or electrocardiogram]), or probable angina followed by coronary

revascularization.38 Incident stroke was defined as new onset of neu-

rologic symptoms lasting 24 hours or leading to deathwith a clinically

relevant lesion on brain imaging not caused by a nonvascular cause.39

Incident HF included definite or probable congestive HF with symp-

toms/signs (e.g., dyspnea or edema) supported by a physician diag-

nosis, HF treatment, pulmonary congestion, or cardiac dysfunction.

Incident PAD included definite or probable cases of lower extremity

atherosclerosis/thrombosis or abdominal aneurysm on the basis of a

physician diagnosis, imaging (e.g., ultrasound), exercise test,

ABI,0.8, or vascular procedures.

Statistical Analyses
We conducted all analyses in those with CKD and without CKD

separately.Wefirst evaluated the continuous association between each

subclinical measure and the incidence rates of CVD using a Poisson

regression model with linear spline terms (taking knots at the three

thresholds determining quartiles of eachmeasure) and adjustment for

age, sex, and race. The knot at the threshold of two lowest quartileswas

omitted forCAC, because approximatelyone half of participants had a

CAC score of zero at baseline. The CAC score was log-transformed

after adding 1 unit to the original score.6

We quantified independent associations between each subclinical

measure and incident CVD using Cox proportional hazards models

with adjustment for the Framingham CVD predictors. HRs were

computed by quartiles (those with CAC score=0 composed the two

lowest quartiles) and for a 1-SD increment in eachmeasure. A P value

for trend across quartiles was obtained from Cox models, with a

median value of each measure for each quartile assigned to relevant

individuals. We did not observe significant interactions of sex and

race with conventional predictors in both CKD and non-CKD

groups (P.0.08) and thus, incorporated these variables in predic-

tion models together with the conventional risk factors. All contin-

uous Framingham CVD predictors were log-transformed as originally

proposed.22

From Cox proportional hazards models including conventional

predictors with andwithout a subclinicalmeasure, we evaluated the C

statistic difference, categorical and continuous NRIs, and IDI using

methods accounting for censoring.14,15 For categorical NRI on the

basis of existing clinical thresholds for CHD risk (i.e., 10% and 20%

in 10 years)3 and with CHD accounting for.50% of all CVD in our

data, we considered 5-year CVD risk of ,10%, 10%–19%, and

$20% as low, intermediate, and high risk, respectively. Good cali-

bration was confirmed for all models using a modified Hosmer–

Lemeshow statistic (all chi-squared,18 with 9 degrees of freedom).22,40

All analyses were conducted in Stata 12.1 (StataCorp., College Station,

TX), and a P value,0.05 was considered statistically significant.
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Supplemental Material 

Supplemental Table 1. Improvement in prediction statistics for CVD risk by adding each additional subclinical measure to 
conventional predictors in CKD stage 1‐2 vs. 3‐5 

Predictors 
CKD stage 1‐2† 

ΔC‐staƟsƟcs‡  Categorical NRI  Continuous NRI  IDI 
Event  Non‐Event  Event  Non‐Event 

CAC  0.027  
(‐0.022, 0.076) 

0.045  
(‐0.100, 0.206) 

0.077  
(0.015, 0.133) 

0.274  
(0.023, 0.503) 

0.222  
(0.127, 0.323) 

0.036  
(0.019, 0.053) 

IMT  0.010  
(‐0.012, 0.032) 

‐0.001  
(‐0.095, 0.075) 

0.005  
(‐0.037, 0.045) 

0.076  
(‐0.165, 0.356) 

0.215  
(0.118, 0.305) 

0.004  
(‐0.003, 0.011) 

ABI  0.010  
(‐0.016, 0.036) 

0.001  
(‐0.092, 0.112) 

0.032  
(‐0.033, 0.068) 

‐0.087  
(‐0.344, 0.175) 

0.028  
(‐0.087, 0.121) 

0.009    
(‐0.001, 0.023) 

Predictors 
CKD stage 3‐5 

ΔC‐staƟsƟcs‡  Categorical NRI  Continuous NRI  IDI 
   Event  Non‐Event  Event  Non‐Event    

CAC  0.028  
(‐0.000, 0.055) 

0.062  
(‐0.066, 0.182) 

‐0.007  
(‐0.044, 0.033) 

0.318  
(0.123, 0.486) 

0.125  
(0.050, 0.200) 

0.029  
(0.011, 0.045) 

IMT  ‐0.000  
(‐0.007, 0.006) 

0.011  
(‐0.033, 0.066) 

‐0.009  
(‐0.032, 0.015) 

‐0.041  
(‐0.244, 0.140) 

0.174  
(0.101, 0.248) 

0.004  
(‐0.000, 0.009) 

ABI  0.008  
(‐0.002, 0.018) 

‐0.054  
(‐0.117, 0.010) 

0.011  
(‐0.010, 0.048) 

‐0.166  
(‐0.346, 0.015) 

‐0.009  
(‐0.080, 0.067) 

0.001  
(‐0.006, 0.010) 

NRI: net reclassification improvement, IDI: integrated discrimination improvement, CAC: coronary artery calcium, IMT: intima‐media thickness, 
ABI: ankle brachial index  

†CKD stage 1‐2 and 3‐5 were defined as eGFR ≥60 ml/min/1.73m2 +ACR ≥30 mg/g and eGFR <60 ml/min/1.73m2, respectively. 
‡C‐statistic with conventional predictors, eGFR and ACR was 0.706 in CKD stage 1‐2 and 0.742 in CKD stage 3‐5. 
 

   



Supplemental Table 2. Improvement in prediction statistics for CVD risk by adding each additional subclinical measure to 
conventional predictors in CKD aged < vs. ≥65 years old 

Predictors 
CKD† & age<65 

ΔC‐staƟsƟcs‡  Categorical NRI  Continuous NRI  IDI 
Event  Non‐Event  Event  Non‐Event 

CAC  0.027  
(‐0.030, 0.083) 

0.184  
(‐0.072, 0.381) 

0.032  
(‐0.028, 0.085) 

0.416  
(0.035, 0.710) 

0.469  
(0.382, 0.567) 

0.107  
(0.053, 0.182) 

IMT  0.014  
(‐0.023, 0.051) 

0.192  
(0.000, 0.389) 

0.012  
(‐0.064, 0.052) 

0.236  
(‐0.144, 0.581) 

0.406  
(0.305, 0.494) 

0.041  
(0.005, 0.088) 

ABI  ‐0.001  
(‐0.025, 0.024) 

‐0.094  
(‐0.234, 0.030) 

‐0.006  
(‐0.043, 0.034) 

‐0.284  
(‐0.617, 0.074) 

0.043  
(‐0.060, 0.151) 

0.034  
(0.005, 0.072) 

Predictors 
CKD† & age 65+ 

ΔC‐staƟsƟcs‡  Categorical NRI  Continuous NRI  IDI 
   Event  Non‐Event  Event  Non‐Event    

CAC  0.030  
(0.001, 0.059) 

0.092  
(‐0.019, 0.179) 

0.051  
(0.011, 0.092) 

0.343  
(0.176, 0.492) 

0.041  
(‐0.031, 0.111) 

0.020  
(0.011, 0.029) 

IMT  0.002  
(‐0.005, 0.009) 

0.023  
(‐0.017, 0.070) 

0.006  
(‐0.021, 0.024) 

‐0.016  
(‐0.178, 0.163) 

0.154  
(0.082, 0.226) 

0.002  
(‐0.000, 0.004) 

ABI  0.010  
(‐0.008, 0.028) 

‐0.005  
(‐0.061, 0.054) 

0.021  
(‐0.006, 0.043) 

‐0.159  
(‐0.315, 0.021) 

0.101  
(0.032, 0.168) 

0.008  
(0.000, 0.017) 

NRI: net reclassification improvement, IDI: integrated discrimination improvement, CAC: coronary artery calcium, IMT: intima‐media thickness, 
ABI: ankle brachial index  

†CKD was defined as eGFR using the CKD‐EPI equation <60 ml/min/1.73m2 or ACR ≥30 mg/g. 
‡C‐statistic with conventional predictors, eGFR and ACR was 0.813 in CKD and age <65 and 0.686 in CKD and age 65+. 
 

   



Supplemental Table 3. Improvement in prediction statistics for CVD risk by adding each additional subclinical measure to 
conventional predictors in CKD eGFR <45 and/or ACR 30+ 

Predictors 
eGFR <45 and/or ACR 30+ 

ΔC‐staƟsƟcs‡  Categorical NRI  Continuous NRI  IDI 
Event  Non‐Event  Event  Non‐Event 

CAC  0.026  
(‐0.006, 0.057) 

0.009  
(‐0.107, 0.118) 

0.076  
(0.032, 0.121) 

0.296  
(0.115, 0.469) 

0.147  
(0.064, 0.223) 

0.027  
(0.017, 0.038) 

IMT  0.012  
(‐0.003, 0.027) 

‐0.005  
(‐0.070, 0.057) 

0.023  
(‐0.003, 0.050) 

0.091  
(‐0.097, 0.292) 

0.229  
(0.148, 0.308) 

0.008  
(0.002, 0.016) 

ABI  0.012  
(‐0.010, 0.035) 

‐0.027 
 (‐0.106, 0.056) 

0.029  
(‐0.004, 0.064) 

‐0.110  
(‐0.285, 0.075) 

0.067  
(‐0.017, 0.160) 

0.021  
(0.008, 0.036) 

NRI: net reclassification improvement, IDI: integrated discrimination improvement, CAC: coronary artery calcium, IMT: intima‐media thickness, 
ABI: ankle brachial index  

‡C‐statistic with conventional predictors, eGFR and ACR was 0.684 in CKD and 0.748 in non‐CKD. 
 



Supplemental Table 4. Improvement in prediction statistics for CHD risk by adding each additional subclinical measure to 
conventional predictors 

Predictors 
ΔC‐statistics*   Categorical NRI  Continuous NRI  IDI 

  Event  Non‐event  Event  Non‐event   
CKD† 

   

CAC‡  0.074  
(0.029, 0.119) 

0.166  
(0.025, 0.294) 

0.078  
(0.040, 0.114) 

0.312  
(0.122, 0.513) 

0.240  
(0.182, 0.297) 

0.045  
(0.034, 0.059) 

IMT§  0.006  
(‐0.008, 0.021) 

‐0.022  
(‐0.112, 0.071) 

0.025  
(0.004, 0.047) 

‐0.031  
(‐0.257, 0.161) 

0.201  
(0.145, 0.259) 

0.006  
(0.001, 0.012) 

ABI  0.003  
(‐0.010, 0.017) 

‐0.022  
(‐0.096, 0.054) 

0.019  
(0.000, 0.042) 

‐0.145  
(‐0.360, 0.059) 

0.094  
(0.037, 0.150) 

0.004  
(0.000, 0.009) 

   Non‐CKD 

CAC‡  0.060  
(0.032, 0.088) 

0.219 
(0.114, 0.309) 

‐0.035 
(‐0.047, ‐0.024) 

0.340 
(0.177, 0.469) 

0.287 
(0.259, 0.311) 

0.022  
(0.019, 0.027) 

IMT§  0.011  
(0.0001, 0.022) 

‐0.037 
(‐0.100, 0.025) 

0.009 
(0.001, 0.016) 

‐0.056  
(‐0.204, 0.087) 

0.158 
(0.131, 0.188) 

0.005  
(0.003, 0.007) 

ABI  0.011 
(‐0.002, 0.024) 

0.031 
(‐0.040, 0.101) 

0.012 
(0.005, 0.019) 

0.067 
(‐0.092, 0.231) 

0.103 
(0.077, 0.129) 

0.009  
(0.006, 0.013) 

NRI: net reclassification improvement, IDI: integrated discrimination improvement, CAC: coronary artery calcium, IMT: 
carotid intima‐media thickness, ABI: ankle‐brachial index. 
*C‐statistic with only conventional predictors was 0.704 in CKD and 0.737 in non‐CKD. 
†CKD was defined as eGFR using the CKD‐EPI equation <60 ml/min/1.73m2 or ACR ≥30 mg/g. 
‡ln(CAC score + 1), §Z score for overall maximal internal common carotid IMT 



Supplemental Table 5. Improvement in prediction statistics for stroke risk by adding each additional subclinical measure to 
conventional predictors  

Predictors 
ΔC‐statistics*  Categorical NRI  Continuous NRI  IDI 

CKD† 

CAC‡  ‐0.0006  
(‐0.002, 0.001)  NA  0.020  

(‐0.291, 0.359) 
0.000  

(‐0.000, 0.000) 

IMT§  ‐0.003  
(‐0.009, 0.003)  NA  0.188  

(‐0.126, 0.517) 
0.000  

(‐0.000, 0.001) 

ABI  0.006  
(‐0.005, 0.017)  NA  ‐0.065  

(‐0.403, 0.280) 
0.001  

(‐0.000, 0.004) 
   Non‐CKD 

CAC‡  0.002  
(‐0.019, 0.022)  NA  0.284  

(‐0.009, 0.606) 
0.002  

(0.001, 0.003) 

IMT§  0.0002  
(‐0.0004, 0.0007)  NA  ‐0.022  

(‐0.284, 0.322) 
0.000  

(‐0.000, 0.000) 

ABI  0.004  
(‐0.003, 0.011) 

0.023  
(0.015, 0.057) 

‐0.103  
(‐0.390, 0.219) 

0.000  
(‐0.000, 0.001) 

NRI: net reclassification improvement, IDI: integrated discrimination improvement, CAC: coronary artery calcium, IMT: carotid 
intima‐media thickness, ABI: ankle‐brachial index, NA: NRI was not available due to no reclassification to higher or lower risk 
categories in some bootstrap samples. 
*C‐statistic with only conventional predictors was 0.745 in CKD and 0.778 in non‐CKD. 
†CKD was defined as eGFR using the CKD‐EPI equation <60 ml/min/1.73m2 or ACR ≥30 mg/g. 
‡ln(CAC score + 1), §Z score for overall maximal internal common carotid IMT 



Supplemental Table 6. Improvement in prediction statistics for HF risk by adding each additional subclinical measure to conventional 
predictors  

Predictors 
ΔC‐statistics*  Categorical NRI  Continuous NRI  IDI 

CKD† 

CAC‡  0.020  
(‐0.020, 0.059) 

0.086  
(‐0.067, 0.238) 

0.431  
(0.131, 0.670) 

0.008  
(0.004, 0.013) 

IMT§  0.006  
(‐0.002m 0.013) 

0.004  
(‐0.068, 0.110) 

0.208  
(‐0.108, 0.499) 

0.000  
(‐0.001, 0.001) 

ABI  0.0004  
(‐0.002m 0.003)  NA  ‐0.340  

(‐0.607, ‐0.046) 
0.000  

(‐0.000, 0.000) 
   Non‐CKD 

CAC‡  ‐0.001  
(‐0.024, 0.022) 

0.098  
(0.020, 0.215) 

0.299  
(0.051, 0.565) 

0.003  
(0.002, 0.005) 

IMT§  0.0004  
(‐0.002, 0.003)  NA  ‐0.095  

(‐0.324, 0.150) 
0.000  

(‐0.000, 0.000) 

ABI  0.0006  
(‐0.0003, 0.0015)  NA  0.374  

(0.138, 0.603) 
‐0.000  

(‐0.000, 0.000) 
NRI: net reclassification improvement, IDI: integrated discrimination improvement, CAC: coronary artery calcium, IMT: carotid 
intima‐media thickness, ABI: ankle‐brachial index, NA: NRI was not available due to no reclassification to higher or lower risk 
categories in some bootstrap samples. 
*C‐statistic with only conventional predictors was 0.741 in CKD and 0.785 in non‐CKD. 
†CKD was defined as eGFR using the CKD‐EPI equation <60 ml/min/1.73m2 or ACR ≥30 mg/g. 
‡ln(CAC score + 1), §Z score for overall maximal internal common carotid IMT 
 

 



Supplemental Table 7. Improvement in prediction statistics for PAD risk by adding each additional subclinical measure to 
conventional predictors  

Predictors 
ΔC‐statistics*  Categorical NRI  Continuous NRI  IDI 

CKD† 

CAC‡  0.016  
(‐0.025, 0.057) 

0.259  
(0.094, 0.481) 

0.498  
(0.101, 0.832) 

0.019  
(0.002, 0.042) 

IMT§  0.027  
(‐0.011, 0.066)  NA  0.300  

(‐0.126, 0.685) 
0.001  

(‐0.009, 0.011) 

ABI  0.092  
(0.009, 0.176) 

0.301  
(‐0.034, 0.604) 

0.787  
(0.357, 1.147) 

0.155  
(0.074, 0.271) 

   Non‐CKD 

CAC‡  0.055  
(0.010, 0.100)  NA  1.045  

(0.665, 1.250) 
0.008  

(0.005, 0.015) 

IMT§  0.024  
(‐0.004, 0.052)  NA  0.551  

(0.133, 0.910) 
0.003  

(0.001, 0.008) 

ABI  0.071  
(0.016, 0.126) 

0.279  
(0.020, 0.552) 

0.370  
(‐0.049, 0.770) 

0.037  
(0.018, 0.076) 

NRI: net reclassification improvement, IDI: integrated discrimination improvement, CAC: coronary artery calcium, IMT: carotid 
intima‐media thickness, ABI: ankle‐brachial index, NA: NRI was not available due to no reclassification to higher or lower risk 
categories in some bootstrap samples. 
*C‐statistic with only conventional predictors was 0.806 in CKD and 0.852 in non‐CKD. 
†CKD was defined as eGFR using the CKD‐EPI equation <60 ml/min/1.73m2 or ACR ≥30 mg/g. 
‡ln(CAC score + 1), §Z score for overall maximal internal common carotid IMT 
 


