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Abstract

BACKGROUND: Coronary artery calcium (CAC) is a guideline recommended cardiovascular 

disease (CVD) risk stratification tool that increases with age and is associated with non-

cardiovascular disease outcomes including cancer. We sought to define the age-specific change in 

the association between CAC and cause-specific mortality.
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METHODS: The Coronary Artery Calcium Consortium includes 59,502 asymptomatic patients 

age 40–75 without known CVD. Age-stratified mortality rates and parametric survival regression 

modeling was performed to estimate the age-specific CAC score at which CVD and cancer 

mortality risk were equal.

RESULTS: The mean age was 54±8 years (67% men) and there were 2,423 deaths over a mean 

12±3 years follow-up. Among individuals with CAC = 0, cancer was the leading cause of death, 

with low CVD mortality rates for both younger (40–54 years) 0.2/1,000 person-years and older 

participants (65–75 years) 1.3/1,000 person-years. When CAC ≥400, CVD was consistently the 

leading cause of death among younger (71% of deaths) and older participants (56% of deaths). 

The CAC score at which CVD overtook cancer as the leading cause of death increased 

exponentially with age and was approximately 115 at age 50 and 380 at age 65.

CONCLUSIONS: Regardless of age, when CAC = 0 cancer was the leading cause of death and 

the cardiovascular disease mortality rate was low. Our age-specific estimate for the CAC score at 

which CVD overtakes cancer mortality allows for a more precise approach to synergistic 

prediction and prevention strategies for CVD and cancer.

Keywords

Age; Competing risk; Coronary artery calcium; Risk prediction

INTRODUCTION

Despite a significant decline in the rate of cardiovascular mortality, cardiovascular disease 

remains the leading cause of death worldwide, with mortality due to cancer as the second 

leading cause of death.1 However, cancer is projected to become the leading cause of death 

in the United States by as early as 2020, and is already the leading cause of death in 9 

European countries and 22 of 50 states within the United States.2,3 Furthermore, cancer is 

the leading cause of death for adults aged between 45 and 64 years, whereas cardiovascular 

disease remains the leading cause of death for adults older than 65 years of age.4

Coronary artery calcium score is a measure of an individual’s burden of subclinical coronary 

atherosclerosis and is highly predictive for cardiovascular disease beyond traditional risk 

factors.5,6 It is also associated with other chronic diseases, including cancer, chronic kidney 

disease, and dementia.7–9 The association of coronary artery calcium with both 

cardiovascular disease and noncardiovascular disease is attributable to the many shared risk 

factors.10–15 In particular, hypertension, diabetes, tobacco use, poor diet, and low physical 

activity are risk factors for both cardiovascular disease and cancer.11–13,16,17 The coronary 

artery calcium score has the unique ability to integrate lifetime risk factor exposure and 

genetic susceptibility, both of which lead to small and large vessel vascular injury and 

subsequent cardiovascular disease events. Accordingly, coronary artery calcium score can be 

used as a representative measure of an individual’s overall health status and biological age.
18–20

Dual screening for cardiovascular disease and cancer has been identified as a paradigm 

changing approach for the prevention of the 2 leading causes of death worldwide, and we 
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have previously demonstrated the utility of the coronary artery calcium score for risk 

stratifying the relationship between cardiovascular disease and cancer mortality.9,21 

However, the prevalence of coronary artery calcium increases with increasing age, and the 

rates of cardiovascular disease and cancer mortality also change with age, increasing the 

complexity of risk prediction.4,22,23 Therefore, a better understanding of how the 

relationships between coronary artery calcium and cardiovascular disease and coronary 

artery calcium and cancer mortality changes as a function of age is imperative in order to 

improve risk prediction for the 2 leading causes of death. This is especially important 

between the ages of 40 and 75 years, the ages for which coronary artery calcium score is 

recommended by cardiovascular disease guidelines as a risk stratification indicator.24,25

To address this knowledge gap, we used data from the Coronary Artery Calcium Consortium 

to perform novel competing risk analyses for cardiovascular disease vs cancer mortality as a 

function of age in order to more precisely determine the coronary artery calcium score at 

which cardiovascular disease overtakes cancer as the most likely cause of death.

METHODS

Study Design

The Coronary Artery Calcium Consortium is a retrospective cohort that consists of 66,636 

patients who had undergone a clinically indicated coronary artery calcium scan at 1 of 4 

contributing centers.26 The coronary artery calcium scans were performed for cardiovascular 

disease risk stratification between 1991 through 2010 using patients who were asymptomatic 

and without known cardiovascular disease. Individuals aged < 40 years (n = 4855) and ≥ 75 

years (n = 2279) were excluded, leaving a total of 59,502 individual in this analysis.

Coronary Artery Calcium Measurement

Non-contrast, cardiac-gated computed tomography scans were performed using standardized 

protocols and primarily performed using electron beam tomography, which provides 

equivalent results compared with multi-detector computed tomography.26,27 The results 

were reported in Agatston units, and for this analysis, coronary artery calcium scores were 

categorized as 0, 1–99, 100–399, or ≥400.

Risk Factors

Individual patient demographics and cardiovascular disease risk factors were obtained by 

each site from referral visit information, during a semi-structured interview at the time of the 

coronary artery calcium scan, or both. Cardiovascular disease risk factors were reported as 

the following categorical variables: hypertension, dyslipidemia, diabetes, and current 

smoking. Three of the sites recorded a family history of coronary heart disease if a first-

degree relative had a coronary heart disease event, and one site (Columbus, Ohio) recorded a 

premature family history of coronary heart disease (<55 for males and <65 for females).

Follow-Up and Cause-Specific Mortality Ascertainment

The follow-up and death matching algorithm have been described in detail elsewhere.28 

Briefly, the Social Security Administration Death Master File was searched through June 
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2014 to ascertain patients’ mortality status. Subsequently, death certificates were obtained 

from the National Death Index, and cause of death was classified into common groups (such 

as cardiovascular disease, coronary heart disease, and cancer) using the underlying (primary) 

cause of death based on the codes of the ninth and tenth revisions of the International 

Classification of Diseases. Noncardiovascular disease was defined as total mortality minus 

cardiovascular disease mortality. The proportions of cardiovascular disease and cancer 

deaths in the Coronary Artery Calcium Consortium are similar to contemporary data from 

the United States Centers for Disease Control and American Cancer Society mortality data.
29,30

Statistical Analysis

Total mortality and cause-specific mortality rates were calculated per 1000 person-years 

follow-up within each coronary artery calcium score and age group. Cox proportional hazard 

models overestimate the risk relationship when there are competing risks.31–34 Therefore, in 

order to more accurately account for the competing risk of cardiovascular disease and cancer 

mortality, we performed Fine and Gray subdistribution hazard modeling, which takes into 

account competing risks.35 These models were adjusted for age, sex, hypertension, 

hyperlipidemia, smoking, diabetes, and a family history of coronary heart disease.

We calculated the rates of incident cardiovascular disease and cancer as a function of 

coronary artery calcium score within the age groups fitted with a polynomial function. In 

order to more accurately describe the coronary artery calcium score at which cardiovascular 

disease mortality overtakes cancer mortality, we developed a calculator to determine the age-

specific coronary artery calcium score at which the risk of death from cardiovascular disease 

and cancer were equal using parametric survival regression modeling and the log (coronary 

artery calcium score + 1). After equating the risk equations for cardiovascular disease and 

cancer, and solving for ln (coronary artery calcium score + 1), we obtained the following 

function for the age-specific coronary artery calcium score at which cardiovascular disease 

vs cancer mortality risk are equal, which we have graphically displayed and also used to 

create an online calculator.

Ln (coronary artery calcium score +1) = (X1 − β1) * Age + (X0 − β0)]/(β2 − X2)

RESULTS

The cohort had a mean age of 54.9 (±8.5) years. Sixty-six percent of the participants were 

male, and 89% were Caucasian. The percentage of participants with hypertension, 

hyperlipidemia, and diabetes increased with age, as did the mean atherosclerotic 

cardiovascular disease risk score (Table 1). Among individuals aged 40–54 years, only 6.7% 

had an atherosclerotic cardiovascular disease risk score ≥ 7.5%, whereas 43.7% had 

prevalent coronary artery calcium. Conversely, among individuals aged 65–75 years, 89.5% 

had an atherosclerotic cardiovascular disease risk score ≥ 7.5%, and 81.4% had prevalent 

coronary artery calcium. The median coronary artery calcium score for individuals aged 40–
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54 years was 0 Agatston units, whereas the median coronary artery calcium score for 

individuals aged 65–75 years was 110 Agatston units.

Over a mean follow-up of 12.3 years there were 2423 total deaths with 671 deaths due to 

cardiovascular disease (358 of those due to coronary heart disease) and 954 deaths due to 

cancer. Among individuals who died from cardiovascular disease, middle-aged adults (55–

65 years) had a median coronary artery calcium score of 209, whereas older individuals (65–

75 years) had a median coronary artery calcium score of 376. Among individuals who died 

from cancer, middle-aged adults had a median coronary artery calcium score of 44, whereas 

older adults had a median coronary artery calcium score of 140.

The rate of cardiovascular disease mortality increased with increasing coronary artery 

calcium score for all age groups (Table 2). However, the incidence rate of cancer mortality 

was relatively unchanged with increasing coronary artery calcium score for individuals aged 

< 55 years, but increased with an increasing coronary artery calcium score for individuals 

aged ≥ 55 years. For younger and older individuals, the proportion of death due to 

cardiovascular disease increased with coronary artery calcium, whereas the proportion of 

death due to cancer decreased with increasing coronary artery calcium score (Figure 1). The 

proportion of deaths due to cardiovascular disease was greater than deaths due to cancer 

when the coronary artery calcium score was ≥100 for younger individuals (40–54 years) and 

when the coronary artery calcium score was ≥ 400 for older individuals. When the coronary 

artery calcium score was 0, the proportion of deaths due to cardiovascular disease was 

similarly low for both younger and older individuals (Figure 2). When the coronary artery 

calcium score was ≥ 400, the proportion of deaths due to cardiovascular disease was greater 

than that of cancer for all age groups, but decreased with increasing age. The cancer 

mortality rate was relatively constant with increasing coronary artery calcium scores for 

younger individuals, and increased gradually for older individuals, whereas the rate of 

cardiovascular disease consistently increased with coronary artery calcium score for younger 

and older individuals (Figure 3).

Using the function we derived to calculate the age-specific coronary artery calcium score at 

which cardiovascular disease and cancer risk are equal, we obtained the following equation 

for our cardiovascular disease vs cancer mortality risk calculator:

Ln (coronary artery calcium+1)  = 0.079 *  Age  + 0.790

Using this calculator, the coronary artery calcium score at which cardiovascular disease 

overtook cancer as the leading cause of death increased exponentially as a function of age 

corresponding to a coronary artery calcium score of approximately 115 at age 50 compared 

with 570 at age 70 (Figure 4).

Fine and Gray subdistribution hazard competing risk analyses showed that any coronary 

artery calcium score was significantly associated with cardiovascular disease across age 

groups. The strength of the association was attenuated with age, but remain significant for 

individuals 65–75 years old with coronary artery calcium scores ≥100 (Table 3). Overall, a 

coronary artery calcium score ≥ 400 was associated with a significantly increased competing 
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risk for cancer (subdistribution hazard ratio 1.32, 95% confidence interval 1.07–1.64), 

although this was largely driven by a statistically significant result for individuals aged 55–

64 years.

DISCUSSION

Using cause-specific mortality data from the Coronary Artery Calcium Consortium, we 

describe how age impacts the relationship of coronary artery calcium with the 2 leading 

causes of death worldwide, cardiovascular disease and cancer. Although coronary artery 

calcium score is most strongly predictive of coronary heart disease and cardiovascular 

disease, its significant association with cancer mortality is attributable to the ability of the 

coronary artery calcium score to integrate the lifetime exposure to risk factors, many of 

which are shared between cardiovascular disease and cancer.7,9 However, although the 

prevalence of coronary artery calcium increases with age, the ratio of cancer to 

cardiovascular disease mortality is inversely related to age.4 To our knowledge, our results 

are the first to 1) demonstrate the utility of coronary artery calcium score for the synergistic 

risk stratification of cardiovascular disease and cancer mortality risk across the adult life 

course and 2) provide an estimator for the coronary artery calcium score at which 

cardiovascular disease mortality overtakes cancer as a function of age, which we 

demonstrate has an exponential relationship.

Prior reports have shown that a coronary artery calcium score of 0 is associated with a very 

low risk for incident cardiovascular disease events, but the association with cardiovascular 

disease mortality and cause-specific mortality data were unknown.36–38 Our results 

demonstrated that when the coronary artery calcium score is 0, regardless of age, cancer is 

the leading cause of death and the rate of cardiovascular disease mortality is low. We also 

showed that in young individuals 40–54 years of age, a coronary artery calcium score of 0 

was associated with a very low absolute cancer and cardiovascular disease mortality rate, 

which is consistent with prior total mortality data. In our study, we observed that when the 

coronary artery calcium score was ≥ 400, there was a corresponding, but inverse relationship 

with a greater proportion of deaths due to cardiovascular disease compared with cancer 

across all age groups, even among individuals aged 65–75.

These results also underscore previous observations demonstrating that the prevalence of any 

coronary artery calcium at a young age (40–54 years) is premature, and even a low absolute 

coronary artery calcium score of 1–99 is associated with a greater than twofold relative 

increased risk of cardiovascular disease.38–40 However, we also demonstrated that among 

these young individuals with premature coronary artery calcium scores between 1 and 99, 

the absolute mortality rate was slightly higher for cancer (0.5/1,000 person-years) than for 

cardiovascular disease (0.4/1,000 person-years). This suggests that although cardiovascular 

disease preventive therapies to reduce the long-term cardiovascular disease risk for young 

persons with even minimal premature coronary artery calcium are important, age- and 

patient-specific cancer screening and preventive strategies should also be strongly 

emphasized.
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Although an increasing coronary artery calcium score in this young age group was 

associated with a significantly increased rate of cardiovascular disease mortality, the cancer 

mortality rate was nearly the same for young individuals regardless of their coronary artery 

calcium score. However, for individuals aged ≥ 55 years, the mortality rate increased for 

both cancer and cardiovascular disease with increasing coronary artery calcium. This lack of 

association between the absolute cancer mortality rate and coronary artery calcium in young 

individuals may be attributable to a greater genetic contribution for cancer development at 

younger ages and a greater diet and lifestyle contribution at older ages. For instance, lung 

and bronchus cancer accounts for approximately 24% of cancer deaths for individuals aged 

45–54 years compared with 34% for individuals aged 65–74 years.41

Our results have a number of implications for the development of cardiovascular disease 

primary prevention and population-based prevention strategies. This study adds further 

supporting evidence that a coronary artery calcium score of 0 is a marker for not only ideal 

cardiovascular disease health, but also for ideal overall health; regardless of age, individuals 

with a coronary artery calcium score of 0 were at a very low risk for cancer mortality and 

total mortality as well as for cardiovascular disease.

We also demonstrated that although any amount of coronary artery calcium is strongly 

associated with an increased risk of cardiovascular disease, there is an exponential 

relationship between age and coronary artery calcium score and risk of cardiovascular 

disease mortality. Furthermore, we developed a calculator to determine the age-specific 

coronary artery calcium score at which cardiovascular disease mortality overtakes cancer 

mortality as the leading cause of death, which has implications for the development of 

guidelines and prevention strategies. Therefore, these results add further evidence supporting 

the use of the coronary artery calcium score as a synergistic risk stratification indicator 

across the adult lifespan for both cardiovascular disease and cancer, and are in keeping with 

previously identified key public health priorities.21

Limitations of this analysis include that nearly all participants in the Coronary Artery 

Calcium Consortium were Caucasian, and about two-thirds of participants were male. For 

very young individuals (ie, < 40 years old) we expect that any coronary artery calcium (even 

a score of 1) would be associated with a higher risk of cardiovascular disease compared with 

cancer. Therefore, the utility of our age-specific coronary artery calcium score estimate at 

which the risk of cardiovascular disease and cancer are equal may be limited at very young 

ages, where the curve appears to flatten out before reaching a coronary artery calcium score 

of 0. A small number of deaths may not have been included in the data from the Coronary 

Artery Calcium Consortium, because our death ascertainment algorithm prioritized 

specificity over sensitivity when searching the national death database. In addition, there are 

well known limitations to the use of death certificates for ascertainment of cause of death. 

However, the death certificate data used for this analysis is the same data used by the 

Centers for Disease Control to track United States mortality trends and death certificates are 

also used to track worldwide mortality trends. Although we do not have information on 

downstream testing or procedures, an increase in cardiovascular disease medications/

procedures among individuals with a higher coronary artery calcium score would bias our 
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results toward the null hypothesis, and only coronary artery bypass surgery has been shown 

to reduce mortality.

CONCLUSIONS

Our study demonstrated that regardless of age, individuals with a coronary artery calcium 

score of 0 have a very low rate of cardiovascular disease mortality. In addition, for the first 

time, we also provide an age-based estimate of the coronary artery calcium score at which 

cardiovascular disease overtakes cancer as the leading cause of death. These results open the 

door to a synergistic cardiovascular disease and cancer prevention strategy for adults with an 

intermediate age-based coronary artery calcium score that may significantly reduce both 

cardiovascular disease and cancer mortality rates, the 2 leading causes of death worldwide.
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CLINICAL SIGNIFICANCE

• Coronary artery calcium score can provide synergistic information for the 

prediction of both cardiovascular disease and cancer.

• When the coronary artery calcium score was 0, cancer was the leading cause 

of death and the cardiovascular disease mortality rate was very low for both 

younger and older adults.

• The coronary artery calcium score at which cardiovascular disease overtakes 

cancer as the leading cause of death increased exponentially with age.

Whelton et al. Page 11

Am J Med. Author manuscript; available in PMC 2021 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Proportions of deaths due to cancer, cardiovascular disease, coronary heart disease, and non-

coronary heart disease cardiovascular disease, stratified by age. CAC = coronary artery 

calcium; CHD = coronary heart disease CVD = cardiovascular disease.
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Figure 2. 
Proportions of cardiovascular and cancer deaths by coronary artery calcium group and age 

group. CAC = coronary artery calcium; CHD = coronary heart disease CVD = 

cardiovascular disease.
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Figure 3. 
Cardiovascular and cancer mortality rates per 1000 person-years follow-up as a function of 

coronary artery calcium score, stratified by age groups. CAC = coronary artery calcium; 

CHD = coronary heart disease CVD = cardiovascular disease.
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Figure 4. 
Coronary artery calcium score at which the rate of cardiovascaular disease and cancer 

mortality are equal.
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Table 2

Cause-Specific Mortality Rate per 1000 Person-Years, Stratified by Coronary Artery Calcium and Age

CAC = 0 CAC 1–99 CAC 100–399 CAC ≥ 400

Total

 40–54 years 1.0 1.4 2.2 4.1

 55–64 years 2.3 3.2 4.4 7.7

 65–75 years 6.2 7.5 10.2 15.0

Coronary heart disease

 40–54 years 0.1 0.2 0.4 1.4

 55–64 years 0.2 0.3 0.6 1.7

 65–75 years 0.5 0.7 1.9 3.3

Cardiovascular disease

 40–54 years 0.2 0.4 0.7 1.7

 55–64 years 0.4 0.7 1.3 2.9

 65–75 years 1.3 1.7 3.1 5.4

Noncardiovascular disease

 40–54 years 0.8 1.0 1.5 2.4

 55–64 years 1.9 2.5 3.1 4.9

 65–75 years 5.0 5.8 7.1 9.6

Cancer

 40–54 years 0.4 0.5 0.6 0.5

 55–64 years 1.4 1.5 1.9 2.7

 65–75 years 3.1 3.4 3.7 4.2

CAC = coronary artery calcium.
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