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ABSTRACT
OBJECTIVES This study sought to determine if coronary artery calcium (CAC) is associated with incident
noncardiovascular disease.
BACKGROUND CAC is considered a measure of vascular aging, associated with increased risk of cardiovascular and
all-cause mortality. The relationship with noncardiovascular disease is not well deﬁned.
METHODS A total of 6,814 participants from 6 MESA (Multi-Ethnic Study of Atherosclerosis) ﬁeld centers were
followed for a median of 10.2 years. Modiﬁed Cox proportional hazards ratios accounting for the competing risk of fatal
coronary heart disease were calculated for new diagnoses of cancer, pneumonia, chronic obstructive pulmonary disease
(COPD), chronic kidney disease (CKD), deep vein thrombosis/pulmonary embolism, hip fracture, and dementia. Analyses
were adjusted for age; sex; race; socioeconomic status; health insurance status; body mass index; physical activity; diet;
tobacco use; number of medications used; systolic and diastolic blood pressure; total and high-density lipoprotein
cholesterol; antihypertensive, aspirin, and cholesterol medication; and diabetes. The outcome was ﬁrst incident
noncardiovascular disease diagnosis.
RESULTS Compared with those with CAC ¼ 0, those with CAC >400 had an increased hazard of cancer (hazard ratio
[HR]: 1.53; 95% conﬁdence interval [CI]: 1.18 to 1.99), CKD (HR: 1.70; 95% CI: 1.21 to 2.39), pneumonia (HR: 1.97;
95% CI: 1.37 to 2.82), COPD (HR: 2.71; 95% CI: 1.60 to 4.57), and hip fracture (HR: 4.29; 95% CI: 1.47 to 12.50). CAC
>400 was not associated with dementia or deep vein thrombosis/pulmonary embolism. Those with CAC ¼ 0 had
decreased risk of cancer (HR: 0.76; 95% CI: 0.63 to 0.92), CKD (HR: 0.77; 95% CI: 0.60 to 0.98), COPD (HR: 0.61; 95%
CI: 0.40 to 0.91), and hip fracture (HR: 0.31; 95% CI: 0.14 to 0.70) compared to those with CAC >0. CAC ¼ 0 was
not associated with less pneumonia, dementia, or deep vein thrombosis/pulmonary embolism. The results were attenuated, but remained signiﬁcant, after removing participants developing interim nonfatal coronary heart disease.
CONCLUSIONS Participants with elevated CAC were at increased risk of cancer, CKD, COPD, and hip fractures. Those
with CAC ¼ 0 are less likely to develop common age-related comorbid conditions, and represent a unique population of
“healthy agers.” (J Am Coll Cardiol Img 2016;9:568–76) © 2016 by the American College of Cardiology Foundation.
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(CVD) mortality, partly from improved

tion. All participants with CAC scanning at

identiﬁcation and modiﬁcation of risk factors (1).

baseline and follow-up data were eligible for

The rate of non-CVD deaths has not declined as

inclusion.
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approval was obtained at each site. Each
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and interpretation were previously described
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(19). Chicago, Los Angeles, and New York

within age groups (6) translating into an “equivalent”
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(http://www.mesa-nhlbi.org).

vasive, direct measure of coronary atherosclerosis

used cardiac-gated electron-beam computed
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DVT = deep vein thrombosis
HR = hazard ratio
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chronologic age varying up to 30 years (7). This

tomography scanning. The other sites used

potentially permits CAC scores to reclassify risk in-

multidetector computed tomography scanning. At the

dependent of age (8). Indeed, CAC retains a strong

baseline examination, each participant was scanned 2

predictive value for all-cause mortality beyond age

consecutive times with mean Agatston score used for

(9), raising the idea that CAC scores may provide a

the analysis. All images were interpreted at a single

superior estimate of “arterial age” (10).

center,

with

good

intrareader

and

SES = socioeconomic status

inter-reader

agreement (kappa ¼ 0.92).
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CAC scores have been associated with the presence
of traditional risk factors and likely partially represent the cumulative burden of risk factor exposure.
However, even those with no traditional CV risk factors can have elevated CAC scores and increased risk
of CVD (11). Higher levels of CAC are also associated
with an increased risk of death from non-CVD causes
(12). This may be from higher incidences of other agerelated diseases, such as cancer, which has been
associated with very high CAC scores (13). There have
been mixed results when examining the relationship
between CAC and other non-CVDs, such as kidney
disease (14,15) and decreased bone density (16,17).
To our knowledge, there have been no studies
examining the relationship between CAC and other

FOLLOW-UP. Follow-up occurred every 9 to 12 months

for a median of 10.2 years (mean 9.5 years; interquartile
range: 9.7 to 10.7 years). New diagnoses were veriﬁed
by review of hospital records and death certiﬁcates.
Coronary heart disease (CHD)-related endpoints were
adjudicated and classiﬁed by 2 physicians from the
MESA mortality and morbidity review committee.
Non-CVD diagnoses were abstracted from inpatient
records by International Classiﬁcation of Diseases-9
codes. Codes related to the following broader groups
were included: chronic kidney disease (CKD) and indicators of end-stage renal failure, any malignant
neoplasm, dementia, hip fracture, DVT or PE, pneumonia, and chronic obstructive pulmonary disease
(COPD). A full list of codes used is in Online Table 1.

signiﬁcant

STATISTICAL ANALYSIS. We modeled CAC as a

morbidity and mortality, such as osteoporotic frac-

continuous and binary variable (present/absent and

tures, pneumonia, dementia, deep vein thrombosis

zero or >400). In accordance with prior reports,

(DVT), or pulmonary embolism (PE). We sought to

CAC was analyzed as a continuous variable using

evaluate whether CAC, as a marker of arterial age, is an

base-2 logarithm of coronary calcium score plus

independent predictor of non-CVD diagnoses. We

1 (log2 [CACþ1]) to determine how the doubling of

hypothesized that having CAC ¼ 0 would be associated

calcium score affects risk and to include those with

with a low risk of disease and having elevated CAC

CAC ¼ 0 (20). There were no deviations from the

would be associated with a higher burden of non-CVD.

linear assumption when modeling continuous CAC.

METHODS

tum. Continuous variables are presented as mean 

age-related
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diseases

associated

with

Baseline characteristics are presented by CAC straSD, whereas categorical variables as the number with
STUDY POPULATION. Participants were from MESA

the attribute (percentage of total). Analysis of variance

(Multi-Ethnic Study of Atherosclerosis) (18). MESA is

was used to test means across groups for normally

a prospective, observational cohort of 6,814 people

distributed variables and Kruskal-Wallis for not nor-

from 6 U.S. cities, between 45 and 84 years old and of

mally distributed variables. Chi-square analysis was

diverse backgrounds, who were free of CVD and not

used to test differences in distributions for categorical

under active cancer treatment. Baseline lifestyle

variables.
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The risk of each non-CVD diagnosis was analyzed
individually and with a composite measure of the ﬁrst

CAC and CHD. Other non-CVD diagnoses were not
considered as competing risks.

occurrence of any one of the diagnoses. Raw pro-

Model 1 was unadjusted. In Model 2, analyses were

portions experiencing each diagnosis were calculated

adjusted for age, sex, race, health insurance status,

by CAC stratum and compared using chi-square

and socioeconomic status (SES) using education and

analysis. Kaplan-Meier curves for non–CVD-free sur-

income level. Because age varied between CAC

vival were constructed. Hazard ratios (HRs) and 95%

groups, additional strategies were used to limit

conﬁdence intervals (CIs) for non-CVD and CVD-free

residual confounding. For each outcome, sequential

survival were then calculated for each CAC deﬁni-

fractional polynomial terms for age were ﬁt (using the

tion with sequentially adjusted modiﬁed Cox pro-

ﬂexible “fp” command in Stata [StataCorp, College

portional hazards regression models. To account for

Station,

the competing risk of a fatal CHD event, regression

outcome-speciﬁc models if their inclusion resulted in

models were modiﬁed, which creates informative

signiﬁcant improvement in model variance. An age 2

censoring because of the strong relationship between

term was also empirically tested for each outcome;

Texas]),

and

retained

throughout

all

however, this did not further improve model ﬁt
beyond the best ﬁt fractional polynomial age term.
T A B L E 1 Baseline Characteristics of Participants by CAC Stratum

Additionally, age  CAC interaction terms were tested
CAC >400
(n ¼ 677)

and retained for outcomes in which they were sta-

All Participants
(n ¼ 6,814)

CAC ¼ 0
(n ¼ 3,416)

CAC 1–400
(n ¼ 2,721)

Age, yrs

62.15  10.2

57.97  9.1

65.32  9.6

Female

3,601 (52.9)

2,167 (63.4)

1,232 (45.3)

202 (29.8)

2,622 (38.5)

1,127 (33.0)

1,144 (42.0)

351 (51.9)

803 (11.8)

399 (11.7)

352 (12.9)

52 (7.7)

African American

1,893 (27.8)

1,072 (31.4)

669 (24.6)

152 (22.5)

are included in the Online Appendix. Model 4 added

Hispanic

1,496 (22.0)

818 (24.0)

556 (20.4)

122 (18.0)

the total number of medications used as a surrogate

Completed high
school

5,566 (82.0)

2,808 (82.6)

2,206 (81.3)

552 (81.7)

0.42

Income level

3,232 (49.4)

1,723 (52.3)

1,215 (46.6)

294 (45.9)

<0.001

% with no
health insurance

609 (8.97)

379 (11.14)

204 (7.51)

26 (3.85)

<0.001

28.0  5.5

28.0  5.7

28.0  5.4

29.0  5.0

0.49

70.50  7.8 <0.001

Chinese

<0.001
<0.001

Race/ethnicity
Caucasian

p Value

Model 5 added adjustments for traditional cardiovascular risk factors including systolic and diastolic
blood pressure, use of antihypertensive and lipidlowering medications, total and high-density lipo-

2,824 (45.3)

1,340 (43.2)

1,176 (47.1)

308 (48.5)

Never

3,418 (50.3)

1,905 (56.0)

1,248 (46.0)

265 (39.2)

Former

2,487 (36.6)

1,045 (30.7)

1,113 (41.0)

329 (48.7)

Current

887 (13.1)

451 (13.3)

354 (13.0)

82 (12.1)

Pack-years
of smoking

11.3 (20.9)

7.94 (16.5)

Systolic blood
pressure, mm Hg

127  21

122  21

130  22

135  22

<0.001

Diastolic blood
pressure, mm Hg

72  10

71  10

72  10

73  10

<0.001

Smoking status

Total cholesterol,
mg/dl

never, former, and current use and pack-years of

for burden of comorbid illness and access to care.

Moderate and vigorous 5,749  5,896 6,013  5,822 5,596  6,136 5,036  5,166 <0.001
physical activity,
MET-min/wk
Healthy diet

Model 3 added adjustments for body mass index;
physical activity; diet; and smoking status, including
smoking. Descriptions of physical activity and diet

Socioeconomic status

BMI, kg/m2

tistically signiﬁcant.

protein cholesterol, use of aspirin, and presence of
diabetes.
Model 6 added a sensitivity analysis where partic-

0.004

ipants with any nonfatal CHD event at or before the

<0.001

time of the non-CVD diagnosis were removed from
the sample (Online Table 2). This accounted for the
potential identiﬁcation bias of a comorbid illness

13.42 (22.58) 19.84 (28.64) <0.001

during an admission for CHD. Additional sensitivity
analyses were performed stratifying by age category

194.0  35.7

194.0  35.0 195.0  36.2

192.0  37.3

(< and $ 65). Statistical analysis was done using
Stata 13 (StataCorp). A p value <0.05 was considered
statistically signiﬁcant.

0.051

53.0  15.0

50.0  14.4

Antihypertensive
therapy

2,536 (37)

984 (29)

1,161 (43)

391 (58)

<0.001

Lipid-lowering therapy

1,100 (16)

360 (11)

543 (20)

197 (29)

<0.001

tics are presented in Table 1. Among the 6,814

Average total
number of
medications

3.25  2.9

2.90  2.7

3.43  2.9

4.26  3.2

<0.001

participants, 50.1% (n ¼ 3,416) had CAC ¼ 0, 39.9%

Presence of diabetes

859 (12.7)

318 (9.4)

387 (14.3)

154 (22.9)

<0.001

had CAC >400. The mean age was 62 years with

1,298 (19.9)

462 (14.2)

607 (23.1)

229 (35.5)

<0.001

52.9%

Aspirin use

49.0  14.6 <0.001

RESULTS

51.0  14.8

HDL-C, mg/dl

BASELINE CHARACTERISTICS. Baseline characteris-

(n ¼ 2,721) had CAC scores 1 to 400, and 9.9% (n ¼ 677)

Values are mean  SD or n (%).
BMI ¼ body mass index; CAC ¼ coronary artery calcium; HDL-C ¼ high-density lipoprotein cholesterol.

female,

38.5%

Caucasian,

27.8%

African

American, 22% Hispanic, and 11.8% Chinese. Those
with CAC ¼ 0 were more likely to be younger, female,
and more physically active.
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CANCER. There were 710 new cancer diagnoses. The

cancer (5% of cancer cases). After accounting for sex

proportions of participants with cancer by CAC stra-

differences, there was no strong association between

tum were 6.67%, 12.6%, and 20.4% for CAC ¼ 0, CAC

CAC score stratum and overall cancer type.

1 to 400, and CAC >400, respectively (p < 0.001)
(Figure 1). Those with CAC >0 accounted for 67.9% of

CHRONIC KIDNEY DISEASE. CKD was diagnosed in

cancer cases. Unadjusted and adjusted HRs are in

395 participants. The proportion increased with

Tables 2 and 3. In multivariable-adjusted models

increasing CAC stratum from 3.2% in participants

(Model 5), a doubling of CAC score was associated

with CAC ¼ 0.0 to 13.3% in participants with CAC

with a 4% increased risk of cancer (HR: 1.04; 95% CI:

>400 (p < 0.001) (Figure 1). With adjustment for CVD

1.02 to 1.07) (Table 2). Those with CAC >400 had a

risk factors, a doubling of CAC score remained

53% greater hazard of cancer compared with those

signiﬁcantly associated with an increased hazard of

with CAC ¼ 0 (HR: 1.53; 95% CI: 1.18 to 1.99) (Table 3).

being diagnosed (HR: 1.07; 95% CI: 1.03 to 1.10)

Those with CAC ¼ 0 had a lower hazard of being

(Table 2). Those with CAC >400 were 70% more likely

diagnosed when compared with those with CAC

to develop CKD compared with those with CAC ¼ 0

>0 (HR: 0.76; 95% CI: 0.63 to 0.92) (Table 4). Prostate

(HR: 1.70; 95% CI: 1.21 to 2.39) (Table 3) and those with

cancer was the most common cancer diagnosed (21%

CAC ¼ 0 had a lower hazard of being diagnosed with

of cancer cases), followed by lung cancer (14% of

CKD (HR: 0.77; 95% CI: 0.60 to 0.98) (Table 4).

cancer cases), gastrointestinal/colon cancer (13% of

PNEUMONIA. There were 315 cases of pneumonia.

cancer cases), breast cancer (10% of cancer cases),

Proportions ranged from 2.8% when CAC ¼ 0 to

skin cancer (9% of cancer cases), hematologic malig-

10.6% in those with CAC >400 (p < 0.001) (Figure 1).

nancies (6% of cancer cases), and uterine/ovarian

In multivariable-adjusted models (Model 5), there

F I G U R E 1 Proportion With Non-CVD by CAC Stratum

Proportion of participants within each CAC score stratum with any new non-CVD diagnosis and by each speciﬁc diagnosis. The blue bars
represent CAC scores ¼ 0, pink bars represent CAC scores of 1 to 400, and green bars represent CAC scores >400. CAC ¼ coronary artery
calcium; CKD ¼ chronic kidney disease; COPD ¼ chronic obstructive pulmonary disease; CVD ¼ cardiovascular disease; DVT ¼ deep vein
thrombosis; PE ¼ pulmonary embolism.
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T A B L E 2 Hazard of New Non-CVD and CVD Diagnosis With Doubling of CAC Score

Log 2[CAC þ 1]
Model 1

Model 2

Model 3

Model 4

Model 5

Cancer

1.13 (1.11–1.15)

1.05 (1.02–1.07)

1.04 (1.01–1.06)

1.03 (1.01–1.06)

1.04 (1.02–1.07)

CKD

1.18 (1.15–1.20)

1.08 (1.05–1.12)

1.08 (1.04–1.11)

1.07 (1.04–1.10)

1.07 (1.03–1.10)

Pneumonia

1.17 (1.13–1.20)

1.08 (1.04–1.12)

1.07 (1.03–1.10)

1.06 (1.02–1.09)

1.07 (1.03–1.11)
1.03 (0.98–1.08)

DVT/PE

1.10 (1.06–1.13)

1.04 (0.99–1.08)

1.01 (0.97–1.06)

1.01 (0.96–1.05)

COPD

1.19 (1.14–1.24)

1.11 (1.05–1.16)

1.09 (1.04–1.15)

1.08 (1.03–1.14)

1.10 (1.05–1.16)

Dementia

1.23 (1.18–1.28)

1.05 (1.00–1.10)

1.06 (1.003–1.11)

1.06 (1.002–1.11)

1.06 (1.01–1.12)

Hip fracture

1.22 (1.14–1.29)

1.09 (1.003–1.18)

1.11 (1.02–1.20)

1.10 (1.01–1.20)

1.10 (1.01–1.21)

Any non-CVD

1.15 (1.14–1.17)

1.06 (1.04–1.08)

1.06 (1.04–1.08)

1.05 (1.03–1.07)

1.06 (1.04–1.08)

CVD

1.26 (1.23–1.28)

1.20 (1.17–1.23)

1.19 (1.16–1.22)

1.19 (1.16–1.22)

1.17 (1.14–1.20)

Statistically signiﬁcant values are in bold for Model 5. Nonsigniﬁcant values are in italics. Cox proportional hazards ratios and 95% conﬁdence intervals for non-CVD diagnoses
comparing doubling of CAC score. Model 1: unadjusted. Model 2: age (best ﬁt model, see Methods section), sex, race, health insurance status, and socioeconomic status
(completed high school and income level). Model 3: Model 2 þ body mass index, physical activity, diet, smoking status, and pack-years. Model 4: Model 3 þ total medications
used. Model 5: Model 4 þ systolic blood pressure, diastolic blood pressure, antihypertensive medications, total cholesterol, high-density lipoprotein cholesterol, lipid-lowering
medications, diabetes, and aspirin use.
CKD ¼ chronic kidney disease; COPD ¼ chronic obstructive pulmonary disease; CVD ¼ cardiovascular disease; DVT ¼ deep vein thrombosis; PE ¼ pulmonary embolism; other
abbreviations as in Table 1.

was a 7% increased hazard of being diagnosed with

diagnosed, 1.9% in those with CAC ¼ 1 to 400 and

pneumonia with doubling of the CAC score (HR:

2.1% in those with CAC >400 (p < 0.05) (Figure 1). In

1.07; 95% CI: 1.03 to 1.11) (Table 2). Those with CAC

unadjusted models, doubling of CAC score and CAC

>400 had 2 times the hazard of developing pneu-

>400 were associated with increased hazard of DVT

monia compared with those with CAC ¼ 0 (HR: 1.97;

or PE (1.10, 1.06 to 1.13; and 2.24, 1.50 to 3.35,

95% CI: 1.37 to 2.82) (Table 3). Those with CAC ¼

respectively) (Tables 2 and 3, respectively). Having

0 did not have a signiﬁcantly decreased risk of

CAC ¼ 0 was protective in unadjusted models (0.57,

pneumonia (HR: 0.77; 95% CI: 0.58 to 1.01) when

0.44 to 0.75) (Table 4). These relationships were lost

compared with those with CAC >0 (Table 4). This

after controlling for age, sex, race, SES, and health

was associated in unadjusted models but lost after

insurance status (Tables 2 to 4). In multivariable

controlling for demographic and lifestyle factors

adjusted models (Model 5), there was no association

(Model 3, Table 4).

with a new diagnosis of DVT/PE and doubling of the

DVT OR PE. DVT or PE was documented in 205 par-

CAC score (HR: 1.03; 95% CI: 0.98 to 1.08) (Table 2),

ticipants. Among those with CAC ¼ 0, 1.1% were

having CAC >400 (HR: 1.07; 95% CI: 0.64 to 1.78)

T A B L E 3 Hazard of New Non-CVD and CVD Diagnosis With CAC >400 Compared With Those With CAC ¼ 0

CAC >400 Versus CAC ¼ 0
Model 1

Cancer

Model 2

Model 3

Model 4

Model 5

3.60 (2.95–4.41)

1.64 (1.29–2.07)

1.49 (1.16–1.92)

1.45 (1.13–1.86)

1.53 (1.18–1.99)

CKD

4.57 (3.55–5.89)

2.00 (1.47–2.74)

1.93 (1.39–2.70)

1.75 (1.27–2.43)

1.70 (1.21–2.39)

Pneumonia

4.72 (3.53–6.30)

2.16 (1.54–3.02)

1.88 (1.33–2.68)

1.71 (1.21–2.41)

1.97 (1.37–2.82)

DVT/PE

2.24 (1.50–3.35)

1.26 (0.80–2.00)

0.89 (0.54–1.47)

0.86 (0.52–1.41)

1.07 (0.64–1.78)

COPD

5.50 (3.64–8.32)

2.69 (1.61–4.50)

2.45 (1.44–4.18)

2.17 (1.30–3.64)

2.71 (1.60–4.57)

Dementia

6.45 (4.14–10.05)

1.33 (0.81–2.19)

1.47 (0.88–2.47)

1.48 (0.87–2.50)

1.61 (0.93–2.79)

Hip fracture

8.74 (3.93–19.45)

3.18 (1.19–8.50)

4.16 (1.48–11.73)

3.91 (1.39–10.97)

4.29 (1.47–12.50)

Any non-CVD

4.16 (3.58–4.84)

1.88 (1.57–2.24)

1.78 (1.47–2.15)

1.69 (1.40–2.04)

1.80 (1.48–2.18)

CVD

9.52 (7.65–11.86)

6.01 (4.65–7.77)

5.44 (4.16–7.10)

5.11 (3.91–6.67)

4.45 (3.36–5.88)

Statistically signiﬁcant values are in bold for Model 5. Nonsigniﬁcant values are in italics. Cox proportional hazards ratios and 95% conﬁdence intervals for non-CVD diagnoses
comparing those with CAC >400 with those with CAC ¼ 0. Model 1: unadjusted. Model 2: age (best ﬁt model, see Methods section), sex, race, health insurance status, and
socioeconomic status (completed high school and income level). Model 3: Model 2 þ body mass index, physical activity, diet, smoking status, and pack-years. Model 4: Model
3 þ total medications used. Model 5: Model 4 þ systolic blood pressure, diastolic blood pressure, antihypertensive medications, total cholesterol, high-density lipoprotein
cholesterol, lipid-lowering medications, diabetes, and aspirin use.
Abbreviations as in Tables 1 and 2.
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T A B L E 4 Hazard of New Non-CVD Diagnosis for Those With CAC ¼ 0 Compared With Those With CAC >0

CAC ¼ 0 Versus CAC >0

Cancer

Model 1

Model 2

Model 3

Model 4

Model 5

0.44 (0.38–0.51)

0.75 (0.64–0.89)

0.77 (0.64–0.92)

0.79 (0.66–0.94)

0.76 (0.63–0.92)
0.77 (0.60–0.98)

CKD

0.38 (0.31–0.46)

0.69 (0.55–0.86)

0.71 (0.56–0.90)

0.74 (0.58–0.94)

Pneumonia

0.40 (0.32–0.50)

0.71 (0.55–0.92)

0.78 (0.60–1.02)

0.82 (0.62–1.06)

0.77 (0.58–1.01)

DVT/PE

0.57 (0.44–0.75)

0.85 (0.62–1.17)

1.01 (0.73–1.41)

1.04 (0.75–1.45)

0.94 (0.66–1.33)

COPD

0.32 (0.23–0.45)

0.56 (0.38–0.81)

0.64 (0.43–0.96)

0.69 (0.46–1.03)

0.61 (0.40–0.91)

Dementia

0.26 (0.18–0.38)

0.87 (0.59 to1.30)

0.81 (0.54–1.21)

0.80 (0.53–1.21)

0.76 (0.49–1.17)

Hip fracture

0.17 (0.09–0.33)

0.37 (0.17–0.78)

0.30 (0.14–0.67)

0.31 (0.14–0.69)

0.31 (0.14–0.70)

Any non-CVD

0.41 (0.36–0.45)

0.71 (0.63–0.81)

0.74 (0.65–0.85)

0.76 (0.66–0.87)

0.75 (0.65–0.86)

CVD

0.21 (0.17–0.25)

0.31 (0.26–0.39)

0.34 (0.27–0.42)

0.35 (0.28–0.43)

0.38 (0.30–0.47)

Statistically signiﬁcant values are in bold for model 5. Nonsigniﬁcant values are in italics. Cox proportional hazards ratios and 95% conﬁdence intervals for non-CVD diagnoses
comparing those with CAC ¼ 0 to those with CAC >0. Model 1: unadjusted. Model 2: age (best ﬁt model, see the Methods section), sex, race, health insurance status, and
socioeconomic status (completed high school and income level). Model 3: Model 2 þ body mass index, physical activity, diet, smoking status, and pack-years. Model 4: Model
3 þ total medications used. Model 5: Model 4 þ systolic blood pressure, diastolic blood pressure, antihypertensive medications, total cholesterol, high-density lipoprotein
cholesterol, lipid-lowering medications, diabetes, and aspirin use.
Abbreviations as in Tables 1 and 2.

(Table 3), or having CAC ¼ 0 (HR: 0.94; 95% CI: 0.66 to

category ranged from 0.26% when CAC ¼ 0 to 1.77% in

1.33) (Table 4).

those with CAC >400 (p < 0.001) (Figure 1). In

CHRONIC

OBSTRUCTIVE

PULMONARY

DISEASE.

During follow-up, 161 participants were diagnosed
with COPD. Proportions increased with increasing
CAC score stratum from 1.2% in those with CAC ¼ 0 to
5.6% in those with CAC >400 (p < 0.001) (Figure 1). In
Model 5, doubling of CAC score was associated with a
10% increased hazard of COPD (HR: 1.10; 95% CI: 1.05
to 1.16) (Table 2). Those with CAC >400 were 2.7 times

multivariable adjusted models, doubling of CAC was
associated with a 10% increased risk of events (1.01 to
1.21) (Table 2). Participants with CAC >400 had a
higher risk of hip fracture in multivariable adjusted
modeling (Model 5) (HR: 4.29; 95% CI: 1.47 to 12.5)
(Table 3). Participants with CAC ¼ 0 had a 69% lower
risk

of

hip

fracture

in

multivariable

adjusted

modeling (HR: 0.31; 95% CI: 0.14 to 0.70) (Table 4).

more likely than those with CAC ¼ 0 (HR: 2.71; 95% CI:

AGGREGATE OUTCOME OF FIRST ANY NON-CVD

1.60 to 4.57) to have a new diagnosis of COPD

DIAGNOSIS. There

(Table 3). Those with CAC ¼ 0 were approximately

diagnoses. The proportion of the ﬁrst occurrence of

were

1,238

ﬁrst

non-CVD

half as likely to be diagnosed compared with those

any one of these was 11.0% for CAC ¼ 0, 22.5% for

with any CAC (HR: 0.61; 95% CI: 0.40 to 0.91)

CAC ¼ 1 to 400, and 36.9% for CAC >400 (p < 0.001)

(Table 4).

(Figure 2). In multivariable adjusted models, doubling

DEMENTIA. Dementia was diagnosed in 119 partici-

of the CAC score was associated with a 6% increased

pants and had increasing proportions with higher

risk of any non-CVD diagnosis (HR: 1.06; 95% CI: 1.04

CAC stratum from 0.61% to 4.43% (p < 0.001)

to 1.08) (Table 2). Those with CAC score >400 were

(Figure 1). After multivariable adjustment, doubling

1.80 times more likely to be diagnosed with any non-

of the CAC score was associated with a 6% increased

CVD compared with those with CAC ¼ 0 (HR: 1.80;

risk (HR: 1.06; 95% CI: 1.01 to 1.12) (Table 2).

95% CI: 1.48 to 2.18) (Table 3). Participants with

Comparing those with CAC >400 with those with

CAC ¼ 0 had a lower rate of non-CVD compared with

CAC ¼ 0, unadjusted models showed an increased HR

those with CAC >0 (HR: 0.75; 95% CI: 0.65 to 0.86)

of 6.45 (95% CI: 4.14 to 10.05) (Table 3). This rela-

(Table 4). Kaplan-Meier curves for the composite and

tionship was lost when controlling for age, sex, race,

individual outcomes are shown in Online Figure 1.

SES, and health insurance status (Model 2, Table 3).

SENSITIVITY ANALYSIS. The results of the sensi-

Similarly, those with CAC ¼ 0 compared with those

tivity analysis are in Online Table 2. Results were

with CAC >0 had a signiﬁcant association in unad-

attenuated, with similar overall conclusions after

justed models (HR: 0.26; 95% CI: 0.18 to 0.38) but this

removing participants with an interim or concurrent

was lost when controlling for age, sex, race, SES, and

nonfatal CHD event at the time of diagnosis of the

health insurance status (Model 2, Table 4).

non-CV disease. New diagnoses of cancer, CKD,

HIP FRACTURES. Hip fractures were the least com-

COPD, and any-non CVD event remained associated

mon with 59 cases. Proportions diagnosed by CAC

with doubling of CAC score (Online Table 2).
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to 1.07), CKD (HR: 1.07; 95% CI: 1.03 to 1.11), pneu-

F I G U R E 2 Proportion With Any Non-CVD

monia (HR: 1.08; 95% CI: 1.03 to 1.13), COPD (HR:
1.09; 95% CI: 1.03 to 1.16), and the composite
outcome (HR: 1.06; 95% CI: 1.04 to 1.08). Limited
power prevented detailed analysis of modeling in
those <65, although point estimates were similar
with nonsigniﬁcant interaction with the age < or
$65 term.

DISCUSSION
Our results demonstrate that CAC scores are associated with non-CVD diagnoses, notably cancer, CKD,
COPD, and hip fractures. Participants with CAC scores
>400 had a 53% adjusted increased hazard of cancer
diagnosis, 70% increased hazard of CKD diagnosis,
197% increased hazard of developing pneumonia,
271% increased hazard of COPD diagnosis, and 429%
increased hazard of hip fracture. Participants with
Proportion of participants with any non-CVD diagnosis along with unadjusted (Model 1)
and multivariable adjusted (Model 5) Cox proportional hazards ratios, adjusted for the

CAC ¼ 0 (50% of the population) seemed at reduced

competing risk of fatal coronary heart disease (95% CIs). Multivariable model was adjusted

risk of non-CVD, independent of known CVD risk

for age (best ﬁt, see Methods section), sex, race, socioeconomic status, health insurance

factors. Although these results were attenuated when

status, smoking status and pack-years of smoking, body mass index, physical activity, diet,

excluding patients with interim nonfatal CHD events,

total number of medications used, systolic and diastolic blood pressure, antihypertensive

overall conclusions remained unchanged. Taken

medication use, total and high-density lipoprotein cholesterol, lipid-lowering medication
and aspirin use, and presence of diabetes. CI ¼ conﬁdence interval; HR ¼ hazard ratio;
other abbreviations as in Figure 1.

together, higher CAC scores were highly associated
with the initial development of any ﬁrst non-CVD
diagnosis. From a public health perspective, it is
notable that 20% of the ﬁrst occurrences of a

AGE

STRATIFICATION. Results

of

age

stratiﬁed

analysis are presented in Table 5. In participants
$65, doubling of the CAC score was associated with
an increased hazard of cancer (HR: 1.04; 95% CI: 1.01

non-CVD event occurred in the 10% of patients with
CAC >400 and 70% of the events were in those with
CAC >0.
Strengths of our analysis include the large sample,
multiethnic makeup, detailed baseline risk factor
assessment, and the use of a competing risk model,

T A B L E 5 Age-Stratiﬁed Analysis of the Doubling of CAC Score

Log2[CAC þ 1]
Age <65 Yrs

Age $65 Yrs

Cancer

1.04 (1.00–1.09)

1.04 (1.01–1.07)

CKD

1.05 (0.98–1.12)

1.07 (1.03–1.11)

Pneumonia

1.04 (0.97–1.11)

1.08 (1.03–1.13)

DVT/PE

1.03 (0.95–1.11)

1.02 (0.96–1.08)

COPD

1.12 (1.00–1.25)

1.09 (1.03–1.16)

—

1.06 (1.00–1.12)

Dementia

which is important given the known association of
CAC with fatal CHD. In addition, rather than assuming
a linear association, we allowed ﬂexible modeling of
age to achieve the best ﬁt and thus limit residual
confounding from age.
It is important to consider the possible mechanisms underlying these results. CAC per se is unlikely
to be causally associated with non-CVD. In general,
CAC is considered to be a risk integrator, and may

Hip fracture

1.15 (0.94–1.41)

1.09 (0.99–1.20)

reﬂect lifetime exposure to both measured and un-

Any non-CVD event

1.04 (1.00–1.07)

1.06 (1.04–1.08)

measured risk factors shared in common between

CVD

1.19 (1.14–1.24)

1.16 (1.12–1.20)

CVD and non-CVD outcomes (21). It may also represent a common underlying vulnerability to the

Statistically signiﬁcant values are in bold. Nonsigniﬁcant values are in italics. Cox
proportional hazards ratios (and 95% conﬁdence intervals) for those <65 and
those $65 years of age. Model is adjusted for age (best ﬁt, see the Methods
section), sex, race, health insurance status, socioeconomic status (completed high
school and income level), body mass index, physical activity, diet, smoking
status and pack-years, total number of medications used, systolic blood
pressure, diastolic blood pressure, antihypertensive medications, total cholesterol,
high-density lipoprotein cholesterol, lipid-lowering medications, diabetes, and
aspirin use. The interaction of CAC with age < or $ 65 years was not signiﬁcant.
Abbreviations as in Tables 1 and 2.

development of tissue injury at sites with varying
relationships to the cardiovascular system. As such,
the CAC score may be one marker of an individual’s
risk of future disease burden.
Pneumonia was not associated with CAC scores in
models

removing

individuals

with

an

interim

nonfatal CHD event, suggesting it may be a more
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acute event that is more likely to be an incidental

diagnoses of cancer, COPD, and CKD, which could

codiagnosis during the inpatient care for, or related to

be detected before hospitalization. Furthermore, by

complications of, a CHD event. Furthermore, DVT/PE

using inpatient codes, there may be bias toward

were weakly associated with CAC and are well known

capturing severe cases and missing milder cases that

to have a variety of more acute-onset risk factors,

are exclusively managed in the outpatient setting.

including trauma and surgery (22), which could be

Additionally, outcome ascertainment was adminis-

less related to CVD and arterial aging. Dementia likely

trative

had too few cases to conﬁrm an association with CAC

adjudicated events as is the case for CVD-related

given the large CI.

outcomes in MESA.

and

does

not

represent

systematically

IMPLICATIONS. We hypothesized that CAC scores

The numbers of participants with hip fractures,

could be a surrogate measure of arterial aging and

DVT/PE, and dementia were small and our study may

identify those at increased risk of age-related, non-

not be powered to ﬁrmly establish the relationship.

CV disease. CAC has been described as a measure of

Further studies of these outcomes are needed,

so-called “biologic age” (7), supported by studies

perhaps leveraging electronic medical record and

showing absolute CAC scores as better predictors of

claims ﬁles databases that would allow examination

CVD events than age alone (10). Our results support

of a larger sample of patients. In addition, follow-up

CAC as a marker for other age-related diseases and

time in MESA may not be sufﬁcient for detecting

support limited prior ﬁndings showing an association

risk in participants with the lowest CAC scores. At this

between elevated CAC scores and non-CV diseases

time, our data are not powered for stratifying results

including cancer (13) and COPD (23). Although CAC

based on sex or race.

has been shown to be associated with all-cause
mortality (24–26), this association may be driven by

CONCLUSIONS

both cardiovascular and select noncardiovascular
causes. The risk ratio of cardiovascular versus non-

Elevated CAC scores are associated with age-related

CVD diagnoses likely varies as a function of the CAC

diseases including cancer, COPD, CKD, and hip frac-

score and future mortality studies may beneﬁt from

tures. Those with CAC ¼ 0 are less likely to develop

ascertainment of cause of death and modeling the

common

risk of both cardiovascular and noncardiovascular

represent a unique population of “healthy agers.”

causes.
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PERSPECTIVES

a disproportionate share of health care resources
(29), have marked implications for patient-centered

COMPETENCY IN MEDICAL KNOWLEDGE: CAC scoring is a

medical

noninvasive, direct measure of coronary atherosclerosis.

homes,

accountable

care

organizations,

insurers, public health ofﬁcials, and other stakeholders in the distribution of health care resource

COMPETENCY IN PATIENT CARE AND PROCEDURAL

expenditures.

SKILLS: CAC retains a strong predictive value for cardiovascular

STUDY LIMITATIONS. New non-CVD diagnoses in

and noncardiovascular disease events beyond age.

MESA were obtained via International Classiﬁcation
of Disease hospital coding and therefore must be
interpreted as time-to-diagnosis, not necessarily
time-to-disease onset. This would mostly affect the

TRANSLATIONAL OUTLOOK: People with CAC ¼ 0 seem to
be protected from multiple chronic noncardiovascular diseases.

575

576

Handy et al.

JACC: CARDIOVASCULAR IMAGING, VOL. 9, NO. 5, 2016
MAY 2016:568–76

Coronary Calcium and Non-CV Disease

REFERENCES
1. Ford ES, Ajani UA, Croft JB, et al. Explaining the
decrease in U.S. deaths from coronary disease,
1980-2000. N Engl J Med 2007;356:2388–98.
2. Araujo F, Gouvinhas C, Fontes F, La Vecchia C,
Azevedo A, Lunet N. Trends in cardiovascular
diseases and cancer mortality in 45 countries from
ﬁve continents (1980-2010). Eur J Prev Cardiol
2014;21:1004–17.
3. Siegel R, Naishadham D, Jemal A. Cancer statistics for Hispanics/Latinos, 2012. CA Cancer J
Clin 2012;62:283–98.

disease events in a large cohort of asymptomatic
men and women. Am J Epidemiol 2005;162:421–9.
12. Desai CS, Ning H, Kang J, et al. Competing
cardiovascular outcomes associated with subclinical atherosclerosis (from the Multi-Ethnic Study of
Atherosclerosis). Am J Cardiol 2013;111:1541–6.
13. Chen WT, Huang JH, Hsieh MH, Chen YJ.
Extremely high coronary artery calcium score is
associated with a high cancer incidence. Int J
Cardiol 2012;155:474–5.
14. Fox CS, Larson MG, Keyes MJ, et al. Kidney

4. Shaw LJ, Raggi P, Schisterman E, Berman DS,
Callister TQ. Prognostic value of cardiac risk factors and coronary artery calcium screening for allcause mortality. Radiology 2003;228:826–33.

function is inversely associated with coronary
artery calciﬁcation in men and women free of
cardiovascular disease: the Framingham Heart
Study. Kidney Int 2004;66:2017–21.

5. McClelland RL, Chung H, Detrano R, Post W,
Kronmal RA. Distribution of coronary artery calcium by race, gender, and age: Results from the

15. Parikh NI, Hwang SJ, Larson MG, et al. Indexes
of kidney function and coronary artery and
abdominal aortic calcium (from the Framingham
Offspring study). Am J Cardiol 2008;102:440–3.

Multi-Ethnic Study of Atherosclerosis (MESA).
Circulation 2006;113:30–7.
6. Tota-Maharaj R, Blaha MJ, McEvoy JW, et al.

16. Bakhireva LN, Barrett-Connor EL, Laughlin GA,
Kritz-Silverstein D. Differences in association of

coronary artery disease?: Clinical risk scores are
not sufﬁcient to deﬁne primary prevention treatment strategies among asymptomatic patients.
Circ Cardiovasc Imaging 2014;7:398–408; discussion 408.
22. Anderson FA, Jr., Spencer FA. Risk factors for
venous thromboembolism. Circulation 2003;107:
I9–16.
23. Park HY, Lim SY, Hwang JH, et al. Lung function, coronary artery calciﬁcation, and metabolic
syndrome in 4905 Korean males. Respir Med
2010;104:1326–35.
24. Budoff MJ, Shaw LJ, Liu ST, et al. Long-term
prognosis associated with coronary calciﬁcation:
observations from a registry of 25,253 patients.
J Am Coll Cardiol 2007;49:1860–70.
25. Shaw LJ, Giambrone AE, Blaha MJ, et al. Longterm prognosis after coronary artery calciﬁcation
testing in asymptomatic patients: a cohort study.
Ann Intern Med 2015;163:14–21.
26. Raggi P, Gongora MC, Gopal A, Callister TQ,

bone mineral density with coronary artery calciﬁcation in men and women: the Rancho Bernardo
study. Menopause 2005;12:691–8.

Budoff M, Shaw LJ. Coronary artery calcium to
predict all-cause mortality in elderly men and
women. J Am Coll Cardiol 2008;52:17–23.

7. Shaw LJ, Raggi P, Berman DS, Callister TQ.
Coronary artery calcium as a measure of biologic
age. Atherosclerosis 2006;188:112–9.

17. Hyder JA, Allison MA, Wong N, et al. Association of coronary artery and aortic calcium with
lumbar bone density: the MESA abdominal aortic
calcium study. Am J Epidemiol 2009;169:186–94.

27. Blaha M, Budoff MJ, Shaw LJ, et al. Absence of
coronary artery calciﬁcation and all-cause mortality. J Am Coll Cardiol Img 2009;2:692–700.

8. Grundy SM. Coronary plaque as a replacement
for age as a risk factor in global risk assessment.
Am J Cardiol 2001;88:8E–11E.

18. Bild DE, Bluemke DA, Burke GL, et al. MultiEthnic Study of Atherosclerosis: objectives and
design. Am J Epidemiol 2002;156:871–81.

28. Budoff MJ, McClelland RL, Nasir K, et al. Cardiovascular events with absent or minimal coronary
calciﬁcation: the Multi-Ethnic Study of Atherosclerosis (MESA). Am Heart J 2009;158:554–61.

9. Tota-Maharaj R, Blaha MJ, Blankstein R, et al.
Association of coronary artery calcium and coronary heart disease events in young and elderly
participants in the multi-ethnic study of atherosclerosis: a secondary analysis of a prospective,

19. Carr JJ, Nelson JC, Wong ND, et al. Calciﬁed

29. Vogeli C, Shields AE, Lee TA, et al. Multiple

coronary artery plaque measurement with cardiac
CT in population-based studies: standardized
protocol of Multi-Ethnic Study of Atherosclerosis
(MESA) and coronary artery risk development in
young adults (CARDIA) study. Radiology 2005;
234:35–43.

chronic conditions: prevalence, health consequences, and implications for quality, care management, and costs. J Gen Intern Med 2007;22
Suppl 3:391–5.

Coronary artery calcium for the prediction of
mortality in young adults 75 years old. Eur Heart J
2012;33:2955–62.

population-based cohort. Mayo Clin Proc 2014;89:
1350–9.
10. McClelland

RL,

Nasir

K,

Budoff

M,

Blumenthal RS, Kronmal RA. Arterial age as a
function of coronary artery calcium (from the
Multi-Ethnic Study of Atherosclerosis [MESA]).
Am J Cardiol 2009;103:59–63.
11. LaMonte MJ, FitzGerald SJ, Church TS, et al.
Coronary artery calcium score and coronary heart

20. Detrano R, Guerci AD, Carr JJ, et al. Coronary
calcium as a predictor of coronary events in four
racial or ethnic groups. N Engl J Med 2008;358:
1336–45.
21. Blaha MJ, Silverman MG, Budoff MJ. Is there a
role for coronary artery calcium scoring for management of asymptomatic patients at risk for

KEY WORDS aging, biologic aging, cancer,
coronary artery calcium, coronary artery
disease

A PPE NDI X For supplemental tables and
ﬁgures, please see the online version of this
article.

