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Abstract

Background and aims—Atherosclerosis is a systemic disease. We examined whether the 

cumulative burden of thoracic extra-coronary calcification (ECC) improves prediction of stroke, 

transient ischemic attack (TIA), and stroke mortality beyond traditional risk factors and coronary 

artery calcium (CAC).

Methods—We followed a total of 6,805 participants (mean age 62.1±10.2 years, 47.2% male) 

from the Multi-Ethnic Study of Atherosclerosis (MESA) over a median of 12.1 years. The 

presence or absence of calcification at 4 thoracic ECC sites (mitral valve annulus, aortic valve, 

aortic root, and thoracic aorta) was determined from baseline cardiac-gated non-contrast CT scans. 

A multisite thoracic ECC score, ranging 0–4, was calculated by summing the 4 individual sites, 

which were treated as binary variables. Multivariable Cox proportional hazards regression models, 

controlled for traditional risk factors and CAC, were used to estimate hazard ratios for ischemic 

(primary endpoint) and hemorrhagic stroke, total stroke, TIA, and stroke mortality with increasing 

thoracic ECC.

Results—With an increasing number of thoracic ECC sites, there was a significant (p<0.05) 

multivariable adjusted step-wise increase in the risk for ischemic stroke (n=184), total stroke 

(n=235), and TIA (n=85), but not hemorrhagic stroke (n=32) and stroke mortality (n=42). 

Thoracic ECC increased the c-statistic and net reclassification index beyond traditional risk factors 

and CAC, but the results were not significant (p>0.10).

Conclusions—Although multisite thoracic ECC is independently associated with ischemic 

stroke, total stroke, and TIA, the incremental predictive value of thoracic ECC beyond traditional 

risk factors and CAC appears to be minimal.

1. Introduction

Atherosclerosis is a systemic process.1 Detection of subclinical atherosclerosis using 

imaging, particularly coronary artery calcium (CAC) from computed tomography (CT) 

scans, has proven to be superior to traditional risk factors for prediction of coronary heart 

disease (CHD).2 The 2013 American College of Cardiology/American Heart Association 

(ACC/AHA) guidelines placed an emphasis on the prediction of both CHD and stroke 

events.3 However, CAC is a stronger predictor of CHD2 than stroke4, 5. Therefore, further 

risk information, in particular other imaging data, may be needed beyond CAC to enhance 

prediction of stroke.

Extra-coronary calcification (ECC) can be visualized on a variety of imaging modalities, 

including routine non-gated and cardiac-gated non-contrast chest CT scans, plain 

radiography, and echocardiography6–8 and, as such, its identification does not require 
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additional cost or radiation exposure. Of these modalities, CT scanning has a superior 

sensitivity for identifying vascular calcification and allows for a more quantitative 

assessment of ECC. Previous studies have demonstrated the association between individual 

sites of thoracic ECC, including aortic or mitral valve6, ascending aorta7, thoracic aorta8, 

abdominal aorta10, and carotid arteries9, and the risk for CVD. In the Multi-Ethnic Study of 

Atherosclerosis (MESA), thoracic aortic11 and aortic valve12 calcification have been shown 

to predict CHD and CVD events beyond CAC.

ECC may reflect the manifestation of CVD risk factors, such as hypertension and diabetes, 

on the systemic vasculature.13 Previous studies have shown that individual thoracic ECC 

sites herald the presence or risk of atherosclerotic calcification at other vascular sites.6, 10 As 

such, thoracic ECC sites may be suitable for prediction of cerebrovascular events, such as 

ischemic stroke and TIA, as these sites are more proximal to the cerebrovascular circulation, 

compared with CAC and ECC sites outside the thoracic region.13 In MESA, Tison et al. 

suggested a strong association of an ordinal multisite thoracic ECC score with total CVD 

and mortality rather than with CHD.14 No further studies have evaluated the utility of a 

multisite thoracic ECC score for predicting the risk for total and individual stroke types.

In this study, we sought to evaluate the discrimination and reclassification ability of thoracic 

ECC, including mitral valve calcification (MVC), aortic valve calcification (AVC), aortic 

root calcification (ARC), and thoracic aorta calcification (TAC), for the prediction of 

ischemic and hemorrhagic stroke, total stroke, TIA, and stroke mortality.

2. Patients and methods

2.1. Study population

MESA is a longitudinal study of 6,814 White, Black, Hispanic, or Chinese Americans aged 

45 to 84 years old free of known CVD at baseline, enrolled from 6 US centers between 

2000–2002. Participants were excluded if they had a confirmed diagnosis of myocardial 

infarction, stroke, TIA, heart failure, angina, atrial fibrillation, or any history of 

cardiovascular procedures, weight >300 pounds, pregnancy, or any medical conditions that 

could prevent long-term participation. Exam 2 was held from Fall 2002 to Winter 2004, 

Exam 3 from Spring 2004 to Fall 2005, Exam 4 from Fall 2005 to Spring 2007, and the fifth 

exam between Spring 2010 and Winter 2012. The study protocol conforms to the ethical 

guidelines of the 1975 Declaration of Helsinki and was approved by the Institutional Review 

Board at each site in accordance with the Health Insurance Portability and Accountability 

Act. Details regarding protocol and design of MESA were reported elsewhere.15

2.2. Data collection

Baseline data were collected using self-administered questionnaires and obtained linical and 

laboratory data. Total cholesterol, high-density lipoprotein cholesterol, triglyceride and 

blood glucose measurements were performed after a 12-hour fast. Diabetes was defined as 

fasting blood glucose ≥7.0 mmol/l (126 mg/dl), self-reported diabetes, or use of 

hypoglycemic drugs. The definition of hypertension was untreated systolic blood pressure 

≥140 mmHg, diastolic blood pressure ≥90 mmHg, or use of antihypertensive medication. 
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Metabolic syndrome was defined according to the modified National Cholesterol Education 

Program Adult Treatment Panel III definition.16 Smoking status was considered as never, 

former, and current use of cigarettes. Self-reported education and income level were 

assessed as parameters of socioeconomic status.

2.3. Measuring coronary and extra-coronary calcium

The details of the MESA cardiac CT protocol have been published elsewhere.17 Briefly, 

CAC and ECC were measured by Agatston method by two consecutive baseline non-

contrast cardiac CT scans, which were EKG-gated to the R-R interval. To assess CAC, all 

participants underwent two consecutive noncontrast cardiac-gated CT scans. A minimum of 

35 images was obtained starting above the left main coronary artery to the bottom of both 

ventricles during a single breath hold. To reconstruct raw image data, a slice thickness of 3 

mm, field of view of 35 cm, and a matrix of 512 × 512 was used. Three sites used an 

electron beam CT scanner (GE–Imatron C–150XL, San Francisco, CA), and three sites used 

a 4-slice multidetector CT scanner. The nominal section thicknesses were 3.0 for electron 

beam scanner and 2.5 mm for multidetector scanner. Spatial resolution was described as 

1.38 mm3 for electron beam scanner (0.68 × 0.68×3.00 mm) and 1.15 mm3 for multidetector 

scanner (0.68×0.68 ×2.50 mm).

Axial datasets of CT scans were also reviewed for the presence of calcification at 4 non-

coronary sites: 1) the level of mitral annulus (MVC), 2) from aortic valve to just before 

aortic root (AVC), 3) the level of aortic root (ARC), 4) and ascending or descending thoracic 

aorta (TAC). Ascending aortic calcification was measure from the aortic annulus to the lower 

edge of pulmonary artery. Descending aortic calcification was measured from the lower edge 

of pulmonary artery to the cardiac apex. Therefore, aortic arch was not visualized on scans. 

We excluded participants with at least one thoracic ECC site information missing.

Due to the heterogeneity in Agatston scores across different extra-coronary vascular sites18, 

and to increase the generalizability of results, we used a binary variable for each of 4 

individual thoracic ECC sites based on presence (1) or absence (0) of any calcifications. The 

presence of CAC or ECC was defined as any measured Agatston scores higher than zero. 

The integrated multisite thoracic ECC score was the sum of individual ordinal binary scores 

at each calcification site.

2.4. Follow-up and ascertainment of events

During a median follow-up of 12.1 years, new cases of stroke, TIA, and stroke mortality 

were recorded using interviews to document interim hospital admissions, outpatient 

diagnoses, and deaths. Two neurologists adjudicated independently all events. Stroke 

endpoints were classified by their type comprising ischemic and hemorrhagic (subarachnoid 

and intra-parenchymal hemorrhage). TIA was defined as having symptoms that lasted less 

than 24 hours and negative imaging. Primary endpoint was ischemic stroke. Detailed 

description of follow-up of MESA participants is available online (www.mesa-nhlbi.org).
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2.5. Statistical analyses

For comparison of discrete or normally distributed continuous variables across the four 

thoracic ECC groups, Pearson’s Chi-square test or ANOVA were performed, respectively. 

For skewed variables, medians and interquartile ranges were reported and Kruskal-Wallis 

tests performed for comparison. We ran logistic regression models to calculate odds ratios 

(ORs) with 95% confidence intervals (CIs) for CAC>0 based on thoracic ECC score.

Kaplan-Meier curves were generated to estimate rates of stroke, TIA, and stroke mortality 

events. Three Cox proportional hazard models were built to estimate hazard ratios (HRs) 

with 95% CIs with increasing thoracic ECC sites. The first model was unadjusted, and the 

second model also included traditional CVD risk factors and other potential confounders 

including age, gender, race/ethnicity, education, estimated glomerular filtration rate, LDL-C, 

HDL-C, total cholesterol, diabetes mellitus, hypertension, cigarette smoking status (never, 

former, current), any lipid-lowering medications, anti-hypertensive medications, aspirin use, 

and family history of heart attack or stroke. In addition, third model also included the 

continuous CAC score, which was calculated by natural logarithmic transformation of CAC

+1 (LogeCAC). For each model, trend analysis was conducted to test whether stroke or 

mortality increased linearly with increasing number of thoracic ECC sites. Two-sample log-

rank test was used to compare the survival experiences between the four thoracic ECC 

groups. The proportional hazards assumption was assessed by Schoenfeld residuals and 

plotting log-log survival.

We assessed discrimination by calculating and comparing area under the Receiver Operating 

Characteristic (ROC) curves for models with and without thoracic ECC. The base model 

included traditional CVD risk factors and CAC, and the second model also included 

multisite thoracic ECC. We compared the two models using the likelihood ratio test. 

Integrated discrimination improvement (IDI) was also calculated.19

Thresholds of Framingham risk score for stroke were calculated using sex-specific 

calibration factors for individual CVD as reported previously.20 The ability of thoracic ECC 

to reclassify risk beyond traditional risk factors with or without CAC was assessed by 

calculating the net reclassification improvement (NRI). Information is insufficient on how to 

justify categories of NRI for stroke. Therefore, we calculated the category-less, continuous 

NRI that is independent of risk thresholds and has more statistical power.21

We performed secondary analysis for individual thoracic ECC sites can significantly predict 

stroke events and stroke mortality. Thus, we added MVC, AVC, ARC, and TAC as binary 

(presence or absence of calcification) or continuous (Agatston score) covariates into models. 

Subgroup analyses were performed by restricting the analysis to participants with no CAC 

(CAC=0), CAC>100, and CAC>75th percentile in the population. We used multivariable 

adjusted competing risk regression considering competing risk from total mortality and 

stroke mortality. Moreover, we adjusted for atrial fibrillation, all interim non-stroke CVD 

events, and change in lipid-lowering and aspirin use prior to incident stroke in Cox 

regression models. We tested for interaction between thoracic ECC score and age, sex, 

gender, and estimated glomerular filtration rate as well as hypertension and diabetes status, 

as they are different mechanistic roles in ischemic and hemorrhagic strokes.22 A p of <0.05 
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was considered significant. All analyses were performed using Stata (version 13.0, College 

Station, TX, USA).

3. Results

3.1. Baseline characteristics

A total of 6,805 participants were included in the final analyses. The mean age was 

62.1±10.2 years and 47% were male. Characteristics of the participants by number of ECC 

sites are provided in Table 1. Participants with higher number of thoracic ECC sites were 

older and more likely to be White, hypertensive, diabetic, and have higher waist 

circumference, pack-years of smoking, systolic blood pressure, triglyceride, and total 

cholesterol levels. Use of lipid-lowering and anti-hypertensive medications at baseline was 

higher among participants with higher thoracic ECC scores. ARC had the highest prevalence 

within each thoracic ECC score group, followed by TAC, AVC, and MVC. (Fig. 1A)

An increase in thoracic ECC sites was associated with step-wise increase in baseline 

logeCAC. Prevalence of CAC was 30% (1,091 participants) among 3,617 participants 

without thoracic ECC, and 88% (581 participants) among 662 participants with 3–4 thoracic 

ECC sites. (Fig. 1B) At baseline, compared with participants without thoracic ECC, there 

were higher odds of CAC>0 for participants with 1 (OR=2.27 [1.96, 2.64]), 2 (OR=4.57 

[3.75, 5.58]), and 3–4 (OR=6.1 [4.60, 8.08]) thoracic ECC sites, after adjusting for potential 

confounders. Among 3,414 participants with CAC=0, about 26% had calcifications in at 

least one thoracic extra-coronary site.

3.2. Survival analyses

Over a median of 12.1 years of follow-up, there were 184 ischemic strokes, 32 hemorrhagic 

strokes, 235 total strokes, 85 TIAs, and 42 deaths due to stroke. (Table 2) Incidence rates per 

1,000 person-years for stroke outcomes are shown on Fig. 2.

The results of the Cox models are shown in Table 2. An increase in the number of thoracic 

ECC sites was associated with a graded increase in HRs for ischemic and total stroke in all 

three models. HRs were attenuated in Models 2 and 3 but results remained significant for 3–

4 thoracic ECC score. Hemorrhagic stroke events were not associated with thoracic ECC in 

any of three models. For TIA, the HRs were attenuated in models 2 and 3, but results 

remained significant in all models and across all thoracic ECC score groups. An increase in 

the number of thoracic ECC sites was associated with a step-wise increase in the rate of 

stroke mortality only in the unadjusted models. Supplementary Fig. 1 shows cumulative 

incidence of stroke events by thoracic ECC score.

3.3. Discrimination and reclassification

Adding thoracic ECC to traditional cardiovascular risk factors, other potential confounders, 

and CAC increased the area under the ROC curve for all endpoints, but results were not 

statistically significant (Supplementary Table 1). IDI was only statistically significant for 

ischemic stroke (0.0023; p= 0.005), but not hemorrhagic stroke (−0.0000; p= 0.927), total 

stroke (0.0012; p= 0.058), TIA (0.0013; p= 0.101), and stroke mortality (0.0000; p=0.990). 
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Thoracic ECC improved continuous NRI but results were not statistically significant. (Tables 

3)

3.4. Secondary, subgroup, and sensitivity analyses

Compared with other thoracic ECC sites, MVC was a better predictor for ischemic stroke 

and total stroke in all 3 models, while TAC could better predict TIA in models 1 and 2 

(Supplementary Table 2). The results were largely unchanged after restricting the analyses to 

participants with CAC=0, CAC>100, and CAC>75th percentile in the population 

(Supplementary Tables 3–5). The results were unchanged after considering competing risk 

from total mortality and stroke mortality, as well as further adjustment for atrial fibrillation, 

all CVD events, and change in lipid-lowering and aspirin use in Cox regression models. 

There was no interaction between age, sex, race, body mass index, body weight, estimated 

glomerular filtration rate, and hypertensive status and thoracic ECC score for any outcomes. 

The interaction was borderline significant between diabetes and thoracic ECC for TIA 

(p=0.060), such that all estimates were significant among participants without diabetes and 

no endpoints were significant for participants with diabetes. (Supplementary Tables 6 and 7).

4. Discussion

In this study, we demonstrated that with increasing number of thoracic ECC sites there is a 

step-wise increase in the risk for ischemic stroke, total stroke, and TIA, but not hemorrhagic 

stroke, and stroke mortality. In addition, we showed that multisite thoracic ECC minimally 

improves global risk prediction for ischemic stroke over traditional risk factors and CAC. 

However, the increase in risk discrimination and reclassification was not significant for other 

stroke-related outcomes.

Although, a quantitative assessment of ECC can be more robust from methodological 

perspective, it cannot be replicated clinically in general chest CT imaging. Our study is 

amongst the few that devised and utilized a novel multisite thoracic ECC score for more 

pragmatic and comprehensive clinically relevant risk stratification. The clinical significance 

of our findings is rooted in the widespread use of various imaging methods on which 

thoracic ECC data can be easily obtained and is often reported. Calcification outside the 

coronary beds can be found incidentally on several imaging modalities, such as gated CT, 

non-gated chest CT scans, plain radiography, ultrasonography, echocardiography, magnetic 

resonance imaging, and dual energy X-ray absorptiometry (DEXA). ECC may appear earlier 

or in the absence of CAC, and therefore, may be a more sensitive marker for CHD and 

cardiovascular disease (CVD) risk assessment.6, 8 As such, the benefits of multisite ECC 

scoring regarding improving current risk assessment strategies, altering treatment decisions, 

and improving clinical outcomes has been hypothesized to outweigh healthcare expenses in 

the absence of additive radiation exposure.23

A few previous studies have shown the role of extra-coronary calcifications for predicting 

CHD risk. Van der Meer et al. combined carotid plaque and carotid intima-media thickness 

as early markers of atherosclerosis with abdominal aortic calcification to create a score for 

predicting myocardial infarction in Rotterdam Study population. In this study, the HRs for 

moderate and severe atherosclerosis according to composite atherosclerosis score were 1.71 
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(1.06–2.76) and 2.77 (1.70–4.52), respectively, as compared with no atherosclerosis.24 

Munter et al. combined MVC, AVC, and abdominal aortic calcification along with age and 

history of dialysis to create a “cardiovascular calcification index”, which was significantly 

predictive of CAC.25 Tison et al. reported that a multisite thoracic ECC score, consisting of 

TAC, MVC, MVC, ARC, can improve risk prediction for CHD events, CHD mortality, and 

all-cause mortality when combined with traditional risk factors. However, when CAC was 

added to the model, thoracic ECC significantly predicted all-cause mortality, but not CHD 

events or CHD mortality.13 Our results support the ability of thoracic ECC, regardless of the 

presence of CAC, for prediction of stroke, TIA, and stroke mortality, in addition to CHD and 

other mortality endpoints. However, thoracic ECC does not improve measured of global 

discrimination above that provided by CAC.

New guidelines have recommendations for the risk assessment of atherosclerotic CVD, 

which includes fatal and nonfatal stroke events in addition to CHD.3 CAC has already been 

shown to be a stronger predictor of CHD than stroke.4,5 The fact that more patients have CT 

scans with thoracic ECC than CAC, make thoracic ECC scoring a valuable method to be 

studied and utilized for patient risk assessment. Although CAC=0 is deemed to predict lower 

CVD risk26, Wong et al. showed that more than 55% of MESA participants had extra-

coronary calcification that may put them at high risk for CVD events.27 In this regard, our 

results demonstrated that thoracic ECC is predictive of stroke beyond traditional risk factors 

when CAC was not in the model (Model 2). Therefore, thoracic ECC can stratify patients for 

stroke, and consequently, may help physicians make decisions about starting appropriate 

lifestyle or pharmacological primary prevention measures when CAC is not available.

This study has limitations. The Agatston score was developed in early 1990s in order to 

quantify calcification in coronary vessels. Due to the heterogeneity of calcification in extra-

coronary vascular beds, the utility of thoracic ECC as a continuous score for the prediction 

of CVD events is questionable. To address this problem, we used an ordinal multisite 

thoracic ECC score that only considered presence of calcification at locations outside 

coronary beds, in order to refrain from the bias that results from outliers and difference in 

Agatston score across thoracic ECC sites. Volume and density of calcification were also not 

measured in this study. Moreover, although individual thoracic ECC, such as TAC and 

MVC, were treated the same in the calculation of thoracic ECC score, they may be 

associated with different clinical outcomes.6, 9 However, the rationale to create a multisite 

score in this study was to reduce reliance on individuals ECC sites, increase the 

generalizability of results, and simplify stroke risk prediction for clinicians. Another 

limitation of our study might be the low number of events for stroke endpoints, as compared 

with the total population. Small numbers resulted in wide confidence intervals for sensitivity 

analyses that included evaluation of individual stroke types, individual thoracic ECC sites, 

and race-based risk. Finally, the MESA cohort lacks CT measurement for other calcification 

sites, such as carotid arteries, aortic arch, and iliac arteries, which may potentially provide 

more complete CVD risk prediction.8

In conclusion, our study shows that multisite thoracic ECC is associated with increased risk 

of ischemic stroke, total stroke, and TIA and minimally improves global risk prediction for 

all stroke-related outcomes independent of traditional risk factors and CAC. Although 
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significant associations between thoracic ECC and stroke events may be useful for predictive 

purposes, this study was not designed to show their causal relationships. However, while 

incidentally found calcifications on various imaging modalities may provide some 

prognostic information without further cost or radiation exposure, their value to global risk 

prediction is limited in comprehensive models. More studies with larger number of stroke 

events are needed to show if particular subgroups defined by age, sex, race, or comorbid 

conditions might benefit from thoracic ECC-based stroke risk prediction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Extra-coronary calcification (ECC) present in an increasing number of sites 

was associated with a graded increase in the risk for ischemic stroke, total 

stroke, and TIA.

• There was no significant increase in hemorrhagic stroke or stroke mortality, 

although these outcomes were rate.

• ECC site involvement increased the c-statistic and net reclassification index 

beyond traditional risk factors and coronary artery calcification (CAC), but 

the results were not significant (p>0.10).

• Therefore, the incremental risk predictive value of thoracic ECC beyond 

traditional risk factors and CAC appears to be minimal.
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Figure 1. 
Individual thoracic calcification sites and coronary artery calcium (CAC) by multisite 

thoracic extra-coronary calcification (ECC) in MESA.

(A) Prevalence of aortic root calcification (ARC), thoracic aorta calcification (TAC), aortic 

valve calcification (AVC), mitral valve calcification (MVC) by number of multisite thoracic 

ECC; All 4 thoracic extra-coronary calcification sites were involved in 183 participants (not 

shown). (B) Prevalence of CAC, stratified into 4 categories, by the number of multisite 

thoracic ECC. Scale, 1.5:1
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Figure 2. 
Incidence rate per 1,000 person-years for stroke outcomes by number of extra-coronary 

calcification sites. Scale, 2:1

TIA, transient ischemic attack.

Kianoush et al. Page 14

Atherosclerosis. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kianoush et al. Page 15

Ta
b

le
 1

B
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
of

 a
sy

m
pt

om
at

ic
 p

ar
tic

ip
an

ts
 w

ith
ou

t a
 h

is
to

ry
 o

f 
ca

rd
io

va
sc

ul
ar

 d
is

ea
se

 in
 M

ul
ti-

E
th

ni
c 

St
ud

y 
of

 A
th

er
os

cl
er

os
is

 b
y 

th
e 

nu
m

be
r 

of
 th

or
ac

ic
 e

xt
ra

-c
or

on
ar

y 
ca

lc
if

ic
at

io
n 

si
te

s.

V
ar

ia
bl

e
E

nt
ir

e 
co

ho
rt

T
ho

ra
ci

c 
ex

tr
a-

co
ro

na
ry

 c
al

ci
fi

ca
ti

on
 s

it
es

p 
va

lu
e

(N
=6

80
5)

0,
 N

= 
36

17
1,

 N
=1

47
4

2,
 N

=1
05

2 
(%

)
3–

4,
 N

=6
62

A
ge

62
.1

±
10

.2
56

.6
±

8.
3

65
.0

±
8.

4
69

.9
±

7.
4

72
.5

±
7.

0
<

0.
00

1

M
al

e,
 n

 (
%

)
3,

20
9 

(4
7.

2)
1,

68
5 

(4
6.

6)
71

3 
(4

8.
4)

49
1 

(4
6.

7)
32

0 
(4

8.
3)

0.
61

R
ac

e,
 n

 (
%

)
<

0.
00

1

 
W

hi
te

2,
61

5 
(3

8.
4)

12
77

 (
35

.3
)

55
9 

(3
7.

9)
45

1 
(4

2.
9)

32
8 

(4
9.

6)

 
A

fr
ic

an
 A

m
er

ic
an

1,
89

2 
(2

7.
8)

10
65

 (
29

.4
)

42
4 

(2
8.

8)
26

6 
(2

5.
3)

13
7 

(2
0.

7)

 
H

is
pa

ni
cs

1,
49

5 
(2

2.
0)

80
2 

(2
2.

2)
33

0 
(2

2.
4)

21
5 

(2
0.

4)
14

8 
(2

2.
4)

 
C

hi
ne

se
 A

m
er

ic
an

80
3 

(1
1.

8)
47

3 
(1

3.
1)

16
1 

(1
0.

9)
12

0 
(1

1.
4)

49
 (

7.
4)

H
ig

h 
sc

ho
ol

 e
du

ca
ti

on
, n

 (
%

)
4,

32
3 

(6
3.

7)
2,

50
3 

(6
9.

5)
90

0 
(6

1.
3)

57
2 

(5
4.

4)
34

8 
(5

2.
9)

<
0.

00
1

In
co

m
e 

≥ 
$4

0,
00

0
3,

50
3 

(5
1.

5)
2,

08
3 

(5
7.

6)
71

2 
(4

8.
3)

44
2 

(4
2.

0)
26

6 
(4

0.
2)

<
0.

00
1

B
od

y 
m

as
s 

in
de

x,
 k

g/
m

2
28

.3
±

5.
5

28
.4

±
5.

7
28

.4
±

5.
3

28
.1

±
5.

3
28

.4
±

4.
9

0.
34

W
ai

st
 c

ir
cu

m
fe

re
nc

e,
 c

m
98

.1
±

14
.4

96
.9

±
14

.8
99

.2
±

14
.2

98
.9

±
13

.8
10

1.
3±

13
.1

<
0.

00
1

M
et

ab
ol

ic
 s

yn
dr

om
e,

 n
 (

%
)

2,
44

4 
(3

6.
0)

1,
08

0 
(2

9.
9)

58
1 

(3
9.

6)
45

8 
(4

3.
5)

32
5 

(4
9.

4)
<

0.
00

1

T
ri

gl
yc

er
id

es
 (

m
g/

dL
)

11
1 

(7
8,

 1
61

)
10

7 
(7

4,
 1

57
)

11
3 

(8
1,

 1
63

)
11

8 
(8

0,
 1

63
)

12
0 

(8
6,

 1
69

)
<

0.
00

1

To
ta

l c
ho

le
st

er
ol

, m
g/

dL
19

4.
1±

35
.7

19
2.

2±
34

.7
19

7.
0±

36
.3

19
5.

3±
36

.2
19

6.
5±

38
.3

<
0.

00
1

H
D

L
 c

ho
le

st
er

ol
, m

g/
dL

51
.0

±
14

.8
51

.2
±

15
.0

50
.9

±
14

.2
50

.9
±

15
.4

50
.2

±
14

.1
0.

48

Sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e,

 m
m

H
g

12
6.

6±
21

.5
12

0.
7±

19
.0

12
9.

8±
21

.1
13

4.
9±

21
.7

13
8.

4±
23

.9
<

0.
00

1

E
st

im
at

ed
 G

F
R

, m
L

/m
in

/1
.7

3 
m

2
81

.2
±

18
.5

83
.7

±
16

.6
81

.1
±

12
.4

77
.5

±
18

.3
73

.6
±

18
.3

<
0.

00
1

H
yp

er
te

ns
io

n,
 n

 (
%

)
3,

05
5 

(4
4.

9)
1,

18
8 

(3
2.

8)
75

9 
(5

1.
5)

65
1 

(6
1.

9)
45

7 
(6

9.
0)

<
0.

00
1

D
ia

be
te

s,
 n

 (
%

)
85

8 
(1

2.
6)

33
4 

(9
.2

)
21

2 
(1

4.
4)

18
0 

(1
7.

1)
13

2 
(1

9.
9)

<
0.

00
1

H
yp

er
te

ns
io

n 
m

ed
ic

at
io

n,
 n

 (
%

)
2,

53
2 

(3
7.

2)
98

7 
(2

7.
3)

62
8 

(4
2.

6)
53

3 
(5

0.
7)

38
4 

(5
8.

0)
<

0.
00

1

L
ip

id
-l

ow
er

in
g 

m
ed

ic
at

io
n,

 n
 (

%
)

1,
09

6 
(1

6.
1)

38
0 

(1
0.

5)
27

8 
(1

8.
9)

23
7 

(2
2.

6)
20

1 
(3

0.
3)

<
0.

00
1

Sm
ok

in
g 

st
at

us
, n

 (
%

)
<

0.
00

1

 
N

ev
er

3,
41

5 
(5

0.
4)

1,
88

9 
(5

2.
4)

73
4 

(5
0.

0)
49

2 
(4

6.
8)

30
0 

(4
5.

5)

 
Fo

rm
er

2,
48

2 
(3

6.
6)

1,
21

2 
(3

3.
6)

55
1 

(3
7.

5)
42

5 
(4

0.
4)

29
4 

(4
4.

6)

 
C

ur
re

nt
88

6 
(1

3.
1)

50
3 

(1
4.

0)
18

4 
(1

2.
5)

13
4 

(1
2.

8)
65

 (
9.

9)

P
ac

k-
ye

ar
11

.3
±

20
.9

8.
7±

16
.8

12
.7

±
23

.6
14

.6
±

24
.0

16
.9

±
26

.5
<

0.
00

1

Atherosclerosis. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kianoush et al. Page 16

V
ar

ia
bl

e
E

nt
ir

e 
co

ho
rt

T
ho

ra
ci

c 
ex

tr
a-

co
ro

na
ry

 c
al

ci
fi

ca
ti

on
 s

it
es

p 
va

lu
e

(N
=6

80
5)

0,
 N

= 
36

17
1,

 N
=1

47
4

2,
 N

=1
05

2 
(%

)
3–

4,
 N

=6
62

C
A

C
 s

co
re

, n
 (

%
)

<
0.

00
1

 
0

3,
41

4 
(5

0.
2)

2,
52

6 
(6

9.
8)

59
1 

(4
0.

1)
21

6 
(2

0.
5)

81
 (

12
.2

)

 
>

0–
10

0>
1,

79
3 

(2
6.

4)
78

5 
(2

1.
7)

49
8 

(3
3.

7)
34

9 
(3

3.
2)

16
1 

(2
4.

3)

 
≥1

00
–4

00
92

6 
(1

3.
6)

23
3 

(6
.4

)
23

1 
(1

5.
7)

27
9 

(2
6.

5)
18

3 
(2

7.
6)

 
≥4

00
67

2 
(9

.9
)

73
 (

2.
0)

15
4 

(1
0.

5)
20

8 
(1

9.
8)

23
7 

(3
5.

8)

A
SC

V
D

 r
is

k 
fo

r 
M

E
SA

<
0.

00
1

 
<

7.
5%

2,
91

9 
(4

2.
9)

2,
31

7 
(6

4.
1)

44
0 

(2
9.

9)
13

6 
(1

2.
9)

26
 (

3.
9)

 
≥7

.5
%

 a
nd

 <
15

.0
%

1,
53

9 
(2

2.
6)

77
4 

(2
1.

4)
41

2 
(2

8.
0)

25
0 

(2
3.

8)
10

3 
(1

5.
6)

 
≥1

5.
0%

2,
29

5 
(3

3.
7)

49
9 

(1
3.

8)
60

7 
(4

1.
2)

66
4 

(6
3.

1)
52

5 
(7

9.
3)

A
SC

V
D

, a
th

er
os

cl
er

ot
ic

 c
ar

di
ov

as
cu

la
r 

di
se

as
e;

 C
A

C
, c

or
on

ar
y 

ar
te

ry
 c

al
ci

um
; E

C
C

, e
xt

ra
-c

or
on

ar
y 

ca
lc

if
ic

at
io

n;
 H

D
L

-C
, h

ig
h-

de
ns

ity
 li

po
pr

ot
ei

n 
ch

ol
es

te
ro

l; 
IQ

R
, i

nt
er

qu
ar

til
e 

ra
ng

e;
 M

E
SA

, M
ul

ti-
E

th
ni

c 
St

ud
y 

of
 A

th
er

os
cl

er
os

is
; S

D
, s

ta
nd

ar
d 

de
vi

at
io

n.

Atherosclerosis. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kianoush et al. Page 17

Ta
b

le
 2

H
az

ar
d 

ra
tio

s 
by

 m
ul

tis
ite

 th
or

ac
ic

 e
xt

ra
-c

or
on

ar
y 

ca
lc

if
ic

at
io

n 
fo

r 
st

ro
ke

 e
nd

po
in

ts
, t

ra
ns

ie
nt

 is
ch

em
ic

 a
tta

ck
, a

nd
 s

tr
ok

e 
m

or
ta

lit
y

T
ho

ra
ci

c 
E

C
C

n 
= 

0
(r

ef
er

en
ce

)
n 

= 
1

n 
= 

2
n 

= 
3–

4
p 

va
lu

e
(t

re
nd

)

Is
ch

em
ic

 s
tr

ok
e

E
ve

nt
s/

to
ta

l a
t r

is
k 

(%
)

52
/3

,6
17

 (
1.

44
)

37
/1

,4
74

 (
2.

51
)

50
/1

,0
52

 (
4.

75
)

45
/6

62
 (

6.
80

)

M
od

el
 1

1.
00

1.
87

 (
1.

23
–2

.8
6)

3.
72

 (
2.

52
–5

.4
9)

5.
92

 (
3.

97
–8

.8
3)

<
0.

00
1

M
od

el
 2

1.
00

1.
22

 (
0.

76
–1

.9
6)

1.
97

 (
1.

22
–3

.1
7)

2.
35

 (
1.

37
–4

.0
2)

<
0.

00
1

M
od

el
 3

1.
00

1.
15

 (
0.

70
–1

.7
6)

1.
76

 (
1.

09
–2

.9
2)

2.
02

 (
1.

15
–3

.5
8)

0.
00

1

H
em

or
rh

ag
ic

 s
tr

ok
e

E
ve

nt
s/

to
ta

l a
t r

is
k 

(%
)

14
/3

,6
17

 (
0.

39
)

10
/1

,4
74

 (
0.

68
)

5/
1,

05
2 

(0
.4

7)
3/

66
2 

(0
.4

5)

M
od

el
 1

1.
00

1.
86

 (
0.

82
–4

.1
8)

1.
35

 (
0.

49
–3

.7
5)

1.
43

 (
0.

41
–4

.9
8)

0.
62

M
od

el
 2

1.
00

1.
13

 (
0.

45
–2

.8
3)

0.
68

 (
0.

21
–2

.1
4)

0.
64

 (
0.

15
–2

.7
2)

0.
33

M
od

el
 3

1.
00

1.
12

 (
0.

44
–2

.8
6)

0.
66

 (
0.

20
–2

.2
2)

0.
64

 (
0.

14
–2

.8
5)

0.
36

To
ta

l s
tr

ok
e

E
ve

nt
s/

to
ta

l a
t r

is
k 

(%
)

70
/3

,6
17

 (
1.

94
)

50
/1

,4
74

 (
3.

40
)

60
/1

,0
52

 (
5.

70
)

55
/6

62
 (

8.
31

)

M
od

el
 1

1.
00

1.
88

 (
1.

31
–2

.7
0)

3.
32

 (
2.

35
–4

.6
9)

5.
39

 (
3.

78
–7

.6
8)

<
0.

00
1

M
od

el
 2

1.
00

1.
18

 (
0.

79
–1

.7
8)

1.
65

 (
1.

08
–2

.5
2)

2.
00

 (
1.

25
–3

.2
2)

<
0.

00
1

M
od

el
 3

1.
00

1.
11

 (
0.

73
–1

.6
8)

1.
47

 (
0.

95
–2

.2
7)

1.
71

 (
1.

04
–2

.8
1)

0.
01

T
IA

E
ve

nt
s/

to
ta

l a
t r

is
k 

(%
)

21
/3

,6
17

 (
0.

58
)

26
/1

,4
74

 (
1.

76
)

26
/1

,0
52

 (
2.

47
)

12
/6

62
 (

1.
81

)

M
od

el
 1

1.
00

3.
27

 (
1.

84
–5

.8
1)

4.
82

 (
2.

71
–8

.5
7)

3.
86

 (
1.

89
–7

.8
4)

<
0.

00
1

M
od

el
 2

1.
00

2.
82

 (
1.

46
–5

.4
4)

3.
67

 (
1.

77
–7

.5
7)

3.
00

 (
1.

24
–7

.2
5)

<
0.

01

M
od

el
 3

1.
00

2.
63

 (
1.

35
–5

.1
1)

3.
21

 (
1.

52
–6

.8
0)

2.
54

 (
1.

02
–6

.3
3)

0.
02

St
ro

ke
 m

or
ta

lit
y

E
ve

nt
s/

to
ta

l a
t r

is
k 

(%
)

10
/3

,6
17

 (
0.

28
)

5/
1,

47
4 

(0
.3

4)
14

/1
,0

52
 (

1.
33

)
13

/6
62

 (
1.

96
)

M
od

el
 1

1.
00

1.
29

 (
0.

44
–3

.7
7)

5.
35

 (
2.

38
–1

2.
06

)
8.

59
 (

3.
76

–1
9.

63
)

<
0.

00
1

M
od

el
 2

1.
00

0.
36

 (
0.

11
–1

.2
3)

1.
00

 (
0.

48
–2

.6
3)

1.
02

 (
0.

35
–2

.9
8)

0.
24

M
od

el
 3

1.
00

0.
34

 (
0.

10
–1

.1
8)

0.
90

 (
0.

32
–2

.4
8)

0.
89

 (
0.

29
–2

.7
9)

0.
36

M
od

el
 1

 in
cl

ud
es

 m
ul

tis
ite

 th
or

ac
ic

 E
C

C
.

M
od

el
 2

 in
cl

ud
es

 th
or

ac
ic

 E
C

C
 a

nd
 tr

ad
iti

on
al

 c
ar

di
ov

as
cu

la
r 

ri
sk

 f
ac

to
rs

 a
nd

 o
th

er
 p

ot
en

tia
l c

on
fo

un
de

rs
 in

cl
ud

in
g 

ag
e,

 g
en

de
r, 

ra
ce

/e
th

ni
ci

ty
, e

st
im

at
ed

 g
lo

m
er

ul
ar

 f
ilt

ra
tio

n 
ra

te
, L

D
L

-C
, H

D
L

-C
, t

ot
al

 
ch

ol
es

te
ro

l, 
di

ab
et

es
 m

el
lit

us
, h

yp
er

te
ns

io
n,

 c
ig

ar
et

te
 s

m
ok

in
g 

st
at

us
 (

ne
ve

r, 
fo

rm
er

, c
ur

re
nt

),
 a

ny
 li

pi
d-

lo
w

er
in

g 
m

ed
ic

at
io

ns
, a

nt
i-

hy
pe

rt
en

si
ve

 m
ed

ic
at

io
ns

, a
sp

ir
in

 u
se

, f
am

ily
 h

is
to

ry
 o

f 
he

ar
t a

tta
ck

 o
r 

st
ro

ke
, a

nd
 e

du
ca

tio
n.

M
od

el
 3

 in
cl

ud
es

 lo
g 

(C
A

C
+

1)
 a

nd
 a

ll 
fa

ct
or

s 
in

 M
od

el
 2

.

Atherosclerosis. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kianoush et al. Page 18
C

A
C

, c
or

on
ar

y 
ar

te
ry

 c
al

ci
fi

ca
tio

n;
 H

D
L

-C
, h

ig
h-

de
ns

ity
 li

po
pr

ot
ei

n 
ch

ol
es

te
ro

l; 
L

D
L

-C
, l

ow
-d

en
si

ty
 li

po
pr

ot
ei

n 
ch

ol
es

te
ro

l; 
E

C
C

, e
xt

ra
-c

or
on

ar
y 

ca
lc

if
ic

at
io

n;
 T

IA
, t

ra
ns

ie
nt

 is
ch

em
ic

 a
tta

ck
.

Atherosclerosis. Author manuscript; available in PMC 2018 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kianoush et al. Page 19

Ta
b

le
 3

N
et

 r
ec

la
ss

if
ic

at
io

n 
im

pr
ov

em
en

t (
N

R
I)

 a
na

ly
se

s 
fo

r 
st

ro
ke

 e
nd

po
in

ts
 a

ft
er

 a
dd

in
g 

th
or

ac
ic

 e
xt

ra
-c

or
on

ar
y 

ca
lc

iu
m

 (
E

C
C

) 
sc

or
e 

to
 m

od
el

s 
ad

ju
st

ed
 f

or
 

tr
ad

iti
on

al
 r

is
k 

fa
ct

or
s 

(T
R

F)
 a

nd
 c

or
on

ar
y 

ar
te

ry
 c

al
ci

um
 (

C
A

C
) 

sc
or

e.

E
nd

po
in

t
T

R
F

/c
on

fo
un

de
rs

 v
s.

 T
R

F
 /c

on
fo

un
de

rs
 +

 t
ho

ra
ci

c 
E

C
C

T
R

F
/c

on
fo

un
de

rs
 +

 C
A

C
 v

s.
 T

R
F

/c
on

fo
un

de
rs

 +
 C

A
C

 +
 t

ho
ra

ci
c 

E
C

C

C
on

ti
nu

ou
s 

ev
en

t 
N

R
I

C
on

ti
nu

ou
s 

no
n-

ev
en

t 
N

R
I

C
on

ti
nu

ou
s 

N
R

I
C

on
ti

nu
ou

s 
ev

en
t 

N
R

I
C

on
ti

nu
ou

s 
no

n-
ev

en
t 

N
R

I
C

on
ti

nu
ou

s 
N

R
I

Is
ch

em
ic

 s
tr

ok
e

0.
06

0 
(−

0.
07

4,
 0

.1
79

)
0.

07
9 

(0
.0

02
, 0

.1
52

)
0.

13
9 

(−
0.

04
7,

 0
.3

05
)

0.
04

8 
(−

0.
11

3,
 0

.1
76

)
0.

04
7 

(−
0.

02
6,

 0
.1

25
)

0.
09

5 
(−

0.
11

8,
 0

.2
92

)

H
em

or
rh

ag
ic

 s
tr

ok
e

0.
26

7 
(−

0.
47

3,
 0

.4
83

)
0.

05
3 

(−
0.

01
5,

 0
.1

74
)

0.
32

0 
(−

0.
46

0,
 0

.6
07

)
0.

13
3 

(−
0.

44
8,

 0
.4

29
)

0.
06

5 
(−

0.
01

8,
 0

.1
78

)
0.

19
8 

(−
0.

42
7,

 0
.5

55
)

To
ta

l s
tr

ok
e

0.
02

3 
(−

0.
08

5,
 0

.1
35

)
0.

06
1 

(−
0.

00
0,

 0
.1

23
)

0.
08

5 
(−

0.
06

7,
 0

.2
39

)
−

0.
01

4 
(−

0.
15

7,
 0

.1
15

)
0.

02
4 

(−
0.

02
8,

 0
.0

90
)

0.
01

0 
(−

0.
16

8,
 0

.1
91

)

T
IA

0.
03

8 
(−

0.
16

9,
 0

.2
18

)
0.

11
5 

(0
.0

14
, 0

.2
04

)
0.

15
3 

(−
0.

12
7,

 0
.3

90
)

0.
01

3 
(−

0.
21

2,
 0

.2
08

)
0.

07
4 

(−
0.

01
5,

 0
.1

87
)

0.
08

7 
(−

0.
18

1,
 0

.3
48

)

St
ro

ke
 m

or
ta

lit
y

−
0.

24
3 

(−
0.

48
8,

 0
.4

06
)

−
0.

00
6 

(−
0.

11
1,

 0
.2

81
)

−
0.

24
9 

(−
0.

44
7,

 0
.4

88
)

−
0.

18
9 

(−
0.

48
5,

 0
.3

55
)

−
0.

02
1 

(−
0.

10
7,

 0
.2

79
)

−
0.

21
0 

(−
0.

46
6,

 0
.4

61
)

C
A

C
, c

or
on

ar
y 

ar
te

ry
 c

al
ci

um
; E

C
C

, e
xt

ra
-c

or
on

ar
y 

ca
lc

iu
m

; N
R

I,
 n

et
 r

ec
la

ss
if

ic
at

io
n 

im
pr

ov
em

en
t; 

T
R

F,
 tr

ad
iti

on
al

.

Atherosclerosis. Author manuscript; available in PMC 2018 December 01.


	Abstract
	1. Introduction
	2. Patients and methods
	2.1. Study population
	2.2. Data collection
	2.3. Measuring coronary and extra-coronary calcium
	2.4. Follow-up and ascertainment of events
	2.5. Statistical analyses

	3. Results
	3.1. Baseline characteristics
	3.2. Survival analyses
	3.3. Discrimination and reclassification
	3.4. Secondary, subgroup, and sensitivity analyses

	4. Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

