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Abstract

Background: Coronary artery calcium (CAC) is a measure of atherosclerotic burden and well-

validated for risk stratification in middle- to older-aged adults. Few studies have investigated CAC 
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in younger adults, and there is no calculator for determining age, sex, and race-based percentiles 

among individuals <45 years old.

Objectives: To determine the probability of CAC >0 and develop age-sex-race percentiles for 

U.S. adults aged 30–45 years.

Methods: We harmonized three datasets – Coronary Artery Risk Development in Young 

Adults (CARDIA), the CAC Consortium, and the Walter Reed Cohort – to study CAC in 

19,725 asymptomatic Black and White individuals aged 30–45 without known atherosclerotic 

cardiovascular disease (ASCVD). After weighting each cohort equally, the probability of CAC >0 

and age-sex-race percentiles of CAC distributions were estimated using nonparametric techniques.

Results: The prevalence of CAC >0 was 26% among White males, 16% among Black males, 

10% among White females, and 7% among Black females. CAC >0 automatically placed all 

females at >90th percentile. CAC >0 placed White males at the 90th percentile at age 34 compared 

to Black males at age 37. An interactive webpage allows one to enter an age, sex, race, and CAC 

score to obtain the corresponding estimated percentile.

Conclusions: In a large cohort of U.S. adults aged 30–45 without symptomatic ASCVD, the 

probability of CAC >0 varied by age, sex and race. Estimated percentiles may help interpretation 

of CAC scores among young adults relative to their age-sex-race matched peers and can 

henceforth be included in CAC score reporting.

Tweet:

The first calculator for determining age, sex, and race-based percentiles of coronary artery calcium 

(CAC) for individuals aged 30–45 years, from a dataset of 19,725 asymptomatic Black and White 

individuals.

CONDENSED ABSTRACT

We studied CAC in 19,725 Black and White individuals aged 30–45 without symptomatic 

cardiovascular disease to determine the probability of CAC >0 and develop age-sex-race 

percentiles. CAC >0 automatically placed females at >90th percentile. CAC >0 placed White 

males at the 90th percentile at age 34 compared to Black males at age 37. An interactive webpage 

allows one to enter an age, sex, race, and CAC score to obtain the corresponding estimated 

percentile. This may help interpretation of CAC scores among young adults relative to their 

age-sex-race matched peers and can henceforth be included in CAC score reporting.

Keywords

cardiovascular diseases; cardiovascular risk; coronary artery calcium; coronary artery disease; 
multidetector computed tomography; percentiles; premature atherosclerosis; primary prevention; 
young adults

INTRODUCTION

Atherosclerotic cardiovascular diseases (ASCVD) cause nearly one-third of all deaths in 

the United States and are the leading cause of global mortality.(1) Multiple cardiovascular 

guidelines recommend use of 10-year absolute ASCVD risk estimates to guide preventive 
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treatments;(2) however, because these scores rely heavily on subject age, nearly all young 

adults are estimated to have low 10-year ASCVD risk, and even those with non-optimal 

risk factors are often not offered preventive therapies despite the possibility of subclinical 

atherosclerosis.(3) Better methods of ASCVD risk stratification are needed to identify young 

patients who are most likely to benefit from preventive interventions at an earlier age.(2,4)

The need for early detection of subclinical coronary artery disease has led to investigation of 

coronary artery calcification (CAC) as a direct marker of atherosclerosis. Numerous studies 

have demonstrated the prognostic utility of CAC to stratify risk for individuals without 

known ASCVD.(2) Although most efforts have focused on the yield of measurement 

in middle to older-aged adults, there is increasing interest in CAC as a clinical decision-

making tool to identify young adults at elevated risk so preventive measures can be 

employed to alter their atherosclerotic trajectories and long-term risks.(2,5) Due to a lower 

overall prevalence of CAC in the young, specific tools for prediction and interpretation 

of CAC scores are needed to help direct primary preventive efforts among young adult 

subpopulations with higher prevalence of CAC.(5,6) For example, the Multi-Ethnic Study of 

Atherosclerosis (MESA) CAC Reference tool allows calculation of age, sex, and race-based 

CAC percentiles, has become standard for clinical CAC reporting, and is referenced in 

current prevention guidelines; however, this tool is limited to ages 45–84.(6)

To fill this gap, we aimed to perform the largest study of CAC in US young adults to 

date by harmonizing three cohorts comprising 19,725 combined individuals to estimate the 

probability of CAC>0 and develop age-sex-race CAC percentile scores for individuals aged 

30–45 years.

METHODS

Study Cohort

We investigated CAC in 19,725 predominantly Black and White individuals aged 30–45 at 

the time of their CAC exam without symptomatic CVD from three studies: (1) the Walter 

Reed Cohort (n=8,840), a study of eligible low-risk adult patients who underwent CAC 

testing at Walter Reed Army Medical Center between January 1997 and August 2009,(1) (2) 

the CAC Consortium (n=7,507), a multi-center cohort study of eligible patients who were 

referred for CAC scoring for clinical risk stratification between 1992 through 2011,(7) and 

(3) the Coronary Artery Risk Development in Young Adults (CARDIA; n=3,378) study, 

a community-based NHLBI-funded cohort of patients with socioeconomic diversity and 

nearly equal numbers of Black and White participants with CAC exams starting between 

1995–2001 and intermittent retesting at 5-year intervals (8). For subjects with multiple CAC 

exams, we used the earliest exam available. We excluded individuals with missing race and 

very young adults aged 18–29 due to small numbers and lack of generalizability from a 

selected, potentially high-risk subset of the general population where CAC testing is not 

routinely performed. Informed consent was waived due to the retrospective nature of the 

study (University of Virginia Institutional Review Board-Health Sciences Research Study 

Tracking #22517).
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Calcium Scoring

CAC scoring was performed in all individuals based on the Agatston method.(9) Electron 

beam computed tomography (EBT) and multidetector CT scanners (MDCT) were used 

in the three cohorts.(10–12) Prior studies have demonstrated no clinically meaningful 

differences between CAC scores derived from EBT versus MDCT scanners.(13) CARDIA 

performed two CT scans 1–2 minutes apart for each participant and had both scans 

reviewed independently of the other. The mean score was used. CARDIA also utilized a 

standard calcium phantom scanned underneath the participants; studies have demonstrated 

no significant differences between phantom-adjusted and unadjusted Agatston CAC scores.

(11)

Statistical Analysis

Individuals were classified based on the presence or absence of calcium and further 

subdivided into CAC score groups of 0 (none), 1–10 (low), 11–100 (moderate), and >100 

(high). Demographics, baseline characteristics, and prevalence of cardiovascular risk factors 

at the time of CAC exam for the total dataset and each of the sex-race groups for which 

percentiles were created (White males, White females, Black males, Black females) are 

shown in Table 1. There were insufficient individuals to create percentiles for other races. 

Comparisons between individual cohorts are shown in Table 2. A p < 0.05 was considered 

significant for all comparisons. Definitions for risk factors in each dataset can be found in 

prior publications.(1,10,14) Of note, smoking was recorded as current smoker in CARDIA 

and the CAC Consortium and ever smoker in the Walter Reed Cohort.

Given the diverse settings of each of the studies and their different sizes, the three cohorts 

were weighted so that each contributed 1/3 of the final analytic dataset. We also applied 

standardized weighting methods to the CAC Consortium so each study site was equally 

represented. The pooled and weighted analysis thus leveraged study heterogeneity, with 

equal contribution from the community-based CARDIA sample as from each of the clinical 

populations, in an effort to provide a truer reflection of the variation within the US 

population with access to medical care. The weighted dataset was then used to calculate 

the estimated probability of CAC >0 and calculate the CAC percentiles.

We modeled the probability of CAC >0 as a function of age, stratified by sex and race 

for White and Black participants. Since the distribution of CAC in this young cohort was 

skewed, with the majority of young subjects having no calcium, we used a nonparametric 

local weighted estimated scatterplot smoothing (LOWESS) regression applied to the raw 

data. This nonparametric approach allowed us to consider age as a continuous variable 

and provided greater precision in estimation of percentiles by using the pooled residual 

distribution, after accounting for age, sex, and race.

Next, we followed the protocol used in the creation of MESA-derived CAC population 

percentiles to create our percentile scores.(6) Following the methods described by 

McClelland et al., we modeled the mean of the log CAC distribution nonparametrically 

as a function of age for males and females using LOWESS regression.(15) We subtracted 

the corresponding estimated value from each observation in the positive log-transformed 
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CAC distribution. The pooled residuals from the model were ranked and each kth percentile 

(k=1…100) was calculated. Adding these to the fitted value for a particular age, sex, and 

race yielded an estimated percentile for the log-transformed positive CAC variable. Taking 

the exponential of this percentile yielded the kth percentile of the positive portion of the 

CAC distribution. If a certain proportion (p) had zero calcium, the kth percentile calculated 

above is the 100×{p+((1−p)k)/100} percentile of the overall distribution. We modeled p 

as a nonparametric function of age by fitting a LOWESS regression within each sex and 

race. Thus, the percentiles of the whole distribution are estimated as a function of the 

percentiles of the positive calcium scores, and the process does not involve any parametric 

assumptions.(6) The 75th, 90th, and 95th, 97.5th percentiles were compared between Black 

males, Black females, White males, and White females. Calculations were performed with 

STATA, version 15.1.

Lastly, an interactive percentile calculator was created on a public webpage with the same 

design as the MESA percentile calculator that allows one to enter an age, sex, and race to 

obtain an estimated probability of CAC > 0 and corresponding estimated 75th, 90th, 95th, and 

97.5th CAC percentiles (Central Illustration).(16) One can optionally add an observed CAC 

score to obtain the estimated age-sex-race percentile for that score.(16)

RESULTS

Table 1 presents the baseline characteristics at time of CAC exam. The cohort (n=19,725) 

was 73% male with mean ± SD age 41 ± 3 years. 76.5% of subjects self-identified as being 

White, while approximately 16.5% identified as Black and 7% as other racial/ethnic groups 

(including Hispanic, Asian, Native American, etc.). There were only sufficient numbers 

of White and Black individuals to calculate subsequent CAC probabilities and percentiles. 

Black individuals comprised a greater proportion of all females (25%) compared to males 

(13%). Overall, the prevalence of hypertension was 17%, hyperlipidemia was 41%, smoking 

was 10%, and diabetes was 3%. Hypertension and hyperlipidemia were more common in 

males, while smoking and diabetes were more common in females. The prevalence of CAC 

and risk factors for each individual cohort by sex are shown in Table 2.

The overall prevalence of any CAC was 21% with 8%, 9%, and 3% having scores of 1–10, 

11–100, and >100 AU, respectively. Males had a higher prevalence of non-zero CAC (25%) 

and higher mean CAC scores (18 ± 98) than did females (9% and 5 ± 70, respectively). 

White individuals had higher CAC scores than Black individuals; the prevalence of CAC >0 

was 26% among White males, 16% among Black males, 10% among White females, and 

7% among Black females. Figure 1 displays the probability of a non-zero CAC score for 

each sex and race group (Black and White) as a function of age, which was modeled using 

a nonparametric fit. The solid line represents a local regression smoother applied to the raw 

data. The individual circles represent the observed age-specific probability, with circle size 

reflecting the available sample size at that age (larger circles indicate more participants). 

Overall, the prevalence and amount of calcification was greater at older ages, which was 

more pronounced in males than in females. Sex-specific plots for the individual cohorts are 

shown in Supplemental Figure 1.
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Table 3 displays estimated CAC percentiles by age, sex, and race over one-year age 

increments. This table reflects the importance of considering self-identified race in addition 

to age and sex when interpreting CAC scores, as has been demonstrated in MESA.(6) 

Among individuals of the same age, men had higher percentile scores than women and 

White participants had higher percentiles than Black participants. Further distribution details 

may be obtained from the public webpage (Central Illustration), where an interactive form 

allows one to enter age (in years), sex, and race (for White and Black participants) to obtain 

a corresponding set of estimated percentiles for adults aged 30–45. The link is included in 

this reference.(16)

Figure 2 shows the percentile curves for each combination of sex and race as a function 

of age. Each plot shows the estimated curves for the 75th, 90th, 95th, and 97.5th percentiles 

of CAC across age. As before, the individual circles represent the observed age-specific 

percentile, with circle size reflecting the available sample size at that age (larger circles 

indicate more subjects). Figure 3 compares the 90th and 95th percentiles by sex/race groups 

on the same plots.

DISCUSSION

Generalizability of Percentiles

We harmonized three datasets to perform the largest study on CAC in U.S. young adults to 

date (n=19,725). Our findings are supported by our pooled and weighted analysis, which 

comprised three large heterogeneous populations, including the only community-based 

population in this age range, CARDIA, which was 55% female and 47% Black.(14) The 

few other datasets containing CAC scans in adults <45 years of age that were not used 

were limited by much smaller samples sizes (17) or were highly selected referral-based 

cohorts with higher CAC prevalence than studies in similar populations.(18) Hence, to our 

knowledge, our study represents the majority of data on CAC in U.S. young adults,(19) with 

the potential downsides of using referral-based cohorts justified by the benefits of a much 

larger population and diversity in sampling sites creating the necessary statistical power for 

such an analysis.

The percentiles in this study were close but not identical to the percentiles derived from 

6,110 patients aged 45–84 in MESA.(6) Like in MESA, we found that Black and female 

participants tended to have the lowest burden of CAC. We used a similar smoothing 

approach to prevent overfitting of the data, which may increase the generalizability and 

comparability of our findings. At age 45, where the present percentile estimates end and 

MESA estimates begin, our prevalence estimates of CAC >0 (9% for Black females, 9% for 

White females, 23% for Black males, 32% for White males) were similar to MESA (8% 

for Black females, 7% for White females, 19% for Black males, 25% for White males). 

The 90th percentile value for CAC at age 45 in MESA vs. the present study was 16 vs. 38 

AU for Black males and 36 vs. 55 AU for White males, respectively. MESA also found the 

75th percentile at age 45 was CAC = 0 for all groups, whereas we found it was CAC = 5 

in White males. Compared to MESA, our study had far more total individuals (2,503 vs. 

15,480 White and 1,613 vs. 3,328 Black), and more individuals aged 44–46 (129 vs. 4,249 

White and 86 vs. 800 Black in MESA vs. the present study, respectively). (6)
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The MESA eligibility criteria of being free of cardiovascular disease and diabetes, a 

major cardiovascular risk factor, may have had unintended consequences on their percentile 

estimates. For example, take the hypothetical case of a 35-year old White male with an 

elevated CAC score who went on to suffer a major cardiovascular event within 10 years, 

as has been reported in outcomes studies.(10,14,19) Because of the existence of overt 

cardiovascular disease, this individual and other higher-risk young adults like him would 

have been excluded from MESA and therefore not represented in the MESA percentiles. 

With only around 100 individuals represented at age 44–46 in MESA, exclusion of only 

a few such participants may have influenced the percentile estimates. This could partly 

explain why the same percentile at age 45 corresponds to somewhat lower CAC values 

in MESA than the present study. However, these minor differences likely have negligible 

clinical implications. For a 45-year old White male with a CAC score of 40, our percentile 

calculator places him at the 87th percentile while MESA places him at the 90th percentile. 

Even if a future guideline uses a percentile cutoff of 90 to recommend intensive preventive 

therapy, clinicians are still likely to interpret the 87th percentile as an alarm sign to engage 

in a risk-benefit patient-provider discussion. The similarity between the studies also suggests 

that the indications for scanning did not make a meaningful difference in the percentile 

estimates. Further work is needed to harmonize of our study with the MESA percentiles.

It is unclear how well percentile estimates represent the general population. The overall risk 

factor profile of our cohort was comparable to adults at mean age 44 from the National 

Health and Nutrition Examination Survey (NHANES) 1999–2016, with the exception of a 

higher prevalence of hyperlipidemia in our cohort and a lower prevalence of diabetes.(20,21) 

Our prevalence of smoking is similar to recent estimates of smoking in young adults.(22) 

The MESA-derived percentiles cohort, in contrast, had a higher prevalence of hypertension 

and importantly excluded participants with diabetes.(6) The CAC Consortium and Walter 

Reed populations also included individuals referred or self-referred for CAC scanning for 

clinical indications, whereas CARDIA and MESA did not. While referral cohorts may 

introduce a potential bias towards a higher burden of CAC than in the general population, 

NHLBI cohorts like CARDIA and MESA may have a reverse bias of being healthier than 

the general population.(23) Hence, our findings may have most applicability for the clinical 

population of Black and White individuals living in the United States rather than the general 

U.S. or international populations.(24)

Utility of Percentiles

Our study demonstrates that the yield of a CAC exam in young adults is generally higher 

in men than in women and in White than in Black individuals. Knowing the probability 

of detecting any CAC in this age group may aid the identification of cutoffs for targeted 

scanning of select young adult populations. While age and genetics are the dominant factors 

associated with development of atherosclerosis at a young age, multiple studies have also 

shown a higher prevalence of CAC with more ASCVD risk factors.(1,10,25) CARDIA, for 

example, found strong independent associations of CAC with age, male sex, White race (vs. 

Black), systolic blood pressure, low-density lipoprotein, cigarette smoking, blood glucose, 

and body-mass index.(11) There is rising interest to predict the conversion to CAC >0 in 

order to determine when an individual should have their first CAC exam. A recent analysis 
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in the CAC Consortium found that, compared to those without risk factors, individuals 

with diabetes developed CAC 6.4 years earlier on average, while smoking, hypertension, 

dyslipidemia, and family history of coronary disease were independently associated with 

developing CAC 3.3–4.3 years earlier.(26) Additionally, polygenic risk scores have potential 

to identify high risk young adults for early CAC screening in the future.(27,28)

While the probability of detecting any CAC may help with determining who to scan and 

when, CAC percentile curves may guide how intensive to be with treatment. Percentile 

scores cannot necessarily be used to conclude a patient’s absolute risk, but they do provide 

context as to what constitutes a high CAC score in an individual relative to others of the 

same age, sex, and race (i.e. relative risk). In this sense, they assist with estimating lifetime 

risk trajectory, since most individuals’ CAC scores grow along their percentile curve in the 

absence of interventions that disrupt natural history.(29)

The 2019 ACC/AHA Primary Prevention Guidelines recommend CAC exams for 

individuals considering initiating statin therapy at borderline to intermediate risk, in whom 

risk is reclassified upwards with CAC ≥100 or age/sex/race percentile ≥ 75th for those 

<55 years old.(2) Although detection of any CAC in young patients will place them at 

higher percentiles by default (in fact, the 75th percentile for all subjects in our study was 0 

except for White males approaching their mid 40s), percentile quantification may still offer 

useful opportunities for targeted preventive therapy and may assist in post-testing patient 

discussions related to relative burden of atherosclerosis and risk. The 2021 National Lipid 

Association recently recommended expanding the population of individuals eligible for CAC 

scanning to select adults <40 years with a family history of premature ASCVD or multiple 

ASCVD risk factors, in whom CAC>0 was used as a threshold for intensifying lifestyle 

therapy and possibly initiating statin therapy.(30) For females in this study, the presence of 

any CAC at ages 30–45 years automatically placed them at the ≥ 90th age-sex-race percentile 

and hence may suggest initiation of preventive therapies or lifestyle modifications to alter 

their ASCVD risk. In contrast, future guidelines for young adult males may emphasize more 

intensive treatment if, for example, one’s score places them at the ≥ 90th percentile. Raggi et 

al. initially showed that age-sex percentiles were more specific for predicting incident acute 

myocardial infarction than absolute CAC scores.(31) A later analysis of the MESA-derived 

age-sex-race percentiles concluded that, while absolute CAC score was a better predictor 

of short-term coronary heart disease events, age-sex-race percentiles may be especially 

helpful for interpretation of lifetime risk.(32) While it is unknown in this young age group 

how percentile scores correlate to short-term risk, they may prove to be strong indicators 

of lifetime atherogenic trajectory that help encourage adoption of heart-healthy lifestyle 

behaviors earlier in life, particularly among those with low absolute CAC that corresponds to 

a very high percentile score.

Limitations

As the aim of this study was to create CAC percentiles for young adults and place these into 

context of the existing literature, we did not explore the long-term clinical outcomes. Future 

investigations will explore the relationships of these percentiles with outcomes to help 

determine how they may guide preventive therapy or aid in determining the timing of a CAC 
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exam for individuals <45 years old. We did not have enough data to calculate percentiles for 

Hispanic, East Asian, South Asian, Native American, or other racial/ethnic groups, although 

differences in the prevalence of CAC among these groups have been previously described.

(6,33,34). In the context of important recent discussions on race in medical research, we 

demonstrate clear differences in the probability of CAC and estimated age-sex-race adjusted 

percentiles among self-reported White and Black individuals, suggesting that race offers 

useful, incremental knowledge compared to age and sex alone for interpretation of CAC 

scores relative to similar peers. Future calculators may be able to stratify individuals based 

on more objective genomic and transcriptomic markers, which will need to be integrated 

and reconciled with ethnic, socioeconomic and educational factors, currently thought as 

dominant in the epidemiology of cardiovascular diseases.(35) At present, the alternative 

of ignoring race and using tools derived from datasets with unequal representation may 

have predictable and undesirable consequences of over- or underestimating ASCVD risk in 

certain populations. Acknowledging these limitations, we advocate for additional research 

to increase diversity, representation, and equality in subclinical atherosclerosis research both 

within the United States and abroad.

Future Directions

Our study marks an important step towards understanding the prevalence and natural 

progression of CAC across the entire adult lifespan. Creation of a CAC percentile calculator 

for all ages using a synthetic cohort (for example, our study + MESA + Atherosclerosis 

Risk in Communities (ARIC) to reflect those age >75), with appropriate representation of 

racial and ethnic subgroups, and a single webpage housing all CAC tools would help unify 

efforts for utilization of CAC as one of the most powerful risk assessment tools for ASCVD 

primary prevention.(36) Existing and future age-sex-race percentiles may be considered 

for incorporation into future prevention guidelines, Society of Cardiovascular Computed 

Tomography reporting guidelines,(37) and inclusion in all CAC score reports.

CONCLUSIONS

We provide the first calculator of age, sex, and race-based CAC percentiles for ages 30–45, 

derived from the largest study population of CAC among US young adults to date, to fill 

an important knowledge gap for clinical practice. While any CAC in this age group is 

abnormal, CAC percentiles provide a method to interpret how high a CAC score is in an 

individual relative to his or her age-sex-race matched peers. Our results lay the groundwork 

for the development of future guidelines for targeted measurement, re-classification of 

long-term risk, and potential recommendations for intensive preventive therapy among select 

young adults.

Supplementary Material

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

Competency in Patient Care and Procedural Skills:

Any degree of coronary artery calcification (CAC) detected by CT imaging places 

women between the ages of 30 and 45 years above the 90th percentile of cardiovascular 

risk. Men reach the 90th percentile when CAC is detected at age 34 years for White and 

37 years for Black individuals.

Translational Outlook:

A CAC percentile calculator based on cohorts representing racial and ethnic subgroups at 

all ages could enhance utilization of this powerful risk assessment tool.

Javaid et al. Page 13

J Am Coll Cardiol. Author manuscript; available in PMC 2023 May 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Estimated and observed weighted probability of detectable CAC by sex/race
White females (top left), White males (top right), Black females (bottom left), and Black 

males (bottom right). Solid line represents a local regression smoother applied to the raw 

data. Individual points reflect the observed age-specific probability with larger point size 

indicating more subjects at that age.
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Figure 2. Estimated weighted CAC percentiles by age for each sex/race group
White females (top left), White males (top right), Black females (bottom left), and Black 

males (bottom right). Each plot shows the estimated curves for the 75th (black line), 

90th (green line), 95th (blue line), and 97.5th (red line) percentiles of CAC across age. 

Individual points reflect the observed empirical percentiles for each age with larger point 

size indicating more subjects at that age within each graph.
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Figure 3. Estimated weighted 90th and 95th CAC percentiles by age, sex, race
Please note the differing y-axis in each figure. Black females (black line), Black males 

(green line), White females (blue line), White males (red line).
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Central Illustration. Online CAC Percentile Calculator with example 36-year-old White male 
patient
Despite having a low absolute CAC score of 8, he is at the 91st percentile compared to his 

age-sex-race matched peers. CAC = coronary artery calcium. (16)
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Table 1:

Characteristics of the Study Sample

All
(N=19,725)

Females
(N=5,403)

Males
(N=14,322)

White Females
(N=3,691)

White Males
(N=11,352)

Black Females
(n=1,363)

Black Males
(N=1,9653

Age, mean (SD) 41 (3.3) 41 (3.2) 41 (2.9) 41 (3.2) 41 (3.1) 40 (3.7) 41 (3.4)

Race, n (%)

 • White 15,043 (76) 3,691 (68) 11,352 (79) - - - -

 • Black 3,316 (17) 1,363 (25) 1,953 (14) - - - -

CAC Score, mean (SD) 14 (91) 5 (70) 18 (98) 6 (81) 17 (93) 3 (20) 12 (91)

CAC Group, n (%)

 • CAC=0 15,655 (79) 4,921 (91) 10,734 (73) 3,424 (93) 8,668 (74) 1,272 (93) 1,650 (84)

 • CAC >0 4,070 (21) 482 (9) 3,588 (25) 362 (10) 3,026 (26) 95 (7) 311 (16)

 • CAC 1–10 1,671 (8) 222 (4) 1,449 (10) 169 (5) 1,218 (10) 46 (3) 136 (7)

 • CAC 11–100 1775 (9) 203 (4) 1,572 (11) 152 (4) 1,334 (11) 38 (3) 128 (6)

 • CAC >100 624 (3) 57 (1) 567 (4) 41 (1) 474 (4) 11 (1) 47 (2)

Hypertension, n (%) 3123 (16) 703 (13) 2420 (17) 406 (11) 1,762 (15) 240 (18) 492 (26)

Hyperlipidemia, n (%) 8155 (41) 1,926 (36) 6,229 (44) 1,333 (36) 5,101 (44) 511 (38) 810 (41)

Smoking*, n (%) 1,988 (10) 683 (13) 1,304 (9.1) 402 (11) 946 (8) 265 (19) 290 (15)

Diabetes, n (%) 572 (3) 190 (3.5) 382 (3) 125 (3) 246 (2) 55 (4) 97 (5)

*
Recorded as current smoking in CARDIA and CAC Consortium, ever smoking in Walter Reed Cohort
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Table 2.

Characteristics of the Unweighted Cohorts by Sex

Females
N=5,403

Males
N=14,322

CARDIA
N=1,856

WRC
N=1,684

CACC
N=1,863

CARDIA
N=1,522

WRC
N=7,156

CACC
N=5,644

Mean Age (years) +/− 
SD

40.0 +/− 3.7 41.7 +/− 2.7 41.4 +/− 2.9 <0.001 39.8 +/− 3.8 41.8 +/− 2.6 41.1 +/− 3.0 <0.001

Race, n (%) <0.001 <0.001

• White 925 (50) 1,187 (70) 1,579 (85) 847 (55) 5,497 (77) 5,000 (89)

• Black 931 (50) 369 (22) 63 (3) 675 (44) 1,170 (16) 108 (2)

Mean CAC Score +/− 
SD

3.2 +/− 31.9 2.9 +/− 24.5 9.8 +/− 
111.9

<0.001 14.0 +/− 
126.5

12.8 +/− 
70.6

24.9 +/− 
117.0

<0.001

CAC Group, n (%) <0.001 <0.001

• CAC=0 1,737 (94) 1,562 (93) 1,622 (87) 1,257 (83) 5,694 (80) 3,783 (67)

• CAC >0 119 (6) 122 (7) 241 (13) 265 (17) 1,462 (20) 1,861 (33)

• CAC 1–10 61 (3) 53 (3) 100 (5) 109 (7) 541 (8) 799 (14)

• CAC 11–100 43 (2) 57 (3) 103 (5) 118 (8) 700 (9) 754 (13)

• CAC 101+ 15 (1) 12 (1) 30 (3) 38 (2) 221 (3) 300 (5)

Hypertension, n (%) 139 (7) 296 (18) 268 (14) <0.001 106 (7) 1,330 (19) 984 (17) <0.001

Hyperlipidemia, n (%) 764 (41) 372 (22) 790 (42) <0.001 723 (48) 2,339 (34) 3,167 (56) <0.001

Smoking*, n (%) 382 (21) 83 (5) 219 (12) <0.001 352 (23) 348 (5) 604 (11) <0.001

Diabetes, n (%) 72 (4) 59 (4) 59 (3) 0.43 35 (2) 173 (2) 174 (3) 0.052

*
Smoking recorded as current in CARDIA and CACC, ever in Walter Reed. CARDIA = Coronary Artery Risk Development in Young Adults, 

CACC = CAC Consortium, CAC = Coronary Artery Calcium.
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Table 3:

CAC Values Corresponding to Estimated Weighted Percentiles across Age, by Sex and Race Groups

Age 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

White Female

75th 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

90th 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

95th 0 0 0 0 1 1 2 2 2 3 4 5 8 10 12 12

97.5th 4 5 7 7 8 10 10 11 12 15 21 27 37 47 64 76

White Male

75th 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 5

90th 0 0 0 0 1 3 5 8 11 15 18 21 26 32 43 55

95th 0 1 4 9 15 21 29 35 41 47 53 59 72 83 105 131

97.5th 2 9 18 29 40 55 68 80 96 100 111 125 146 166 190 249

Black Female

75th 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

90th 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

95th 0 0 0 0 0 0 0 1 1 2 5 8 9 11 13 12

97.5th 0 0 0 0 1 2 3 7 10 16 23 30 36 41 40 37

Black Male

75th 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

90th 0 0 0 0 0 0 0 1 2 3 5 7 9 12 22 36

95th 0 0 1 2 3 4 6 10 14 17 26 33 42 54 85 138

97.5th 5 9 5 8 12 16 24 35 42 47 64 82 96 119 175 277
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