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Prevalence and Prognostic Implications of Coronary Artery
Calcification in Low-Risk Women
A Meta-analysis
Maryam Kavousi, MD, PhD; Chintan S. Desai, MD, MS; Colby Ayers, MS; Roger S. Blumenthal, MD;
Matthew J. Budoff, MD; Amir-Abbas Mahabadi, MD; M. Arfan Ikram, MD, PhD; Aad van der Lugt, MD, PhD;
Albert Hofman, MD, PhD; Raimund Erbel, MD; Amit Khera, MD, MS; Marie H. Geisel, MS; Karl-Heinz Jöckel, PhD;
Nils Lehmann, PhD; Udo Hoffmann, MD, MPH; Christopher J. O’Donnell, MD, MPH; Joseph M. Massaro, PhD;
Kiang Liu, PhD; Stefan Möhlenkamp, MD; Hongyan Ning, MD, MS; Oscar H. Franco, MD, PhD; Philip Greenland, MD

IMPORTANCE The role of coronary artery calcium (CAC) testing for guiding preventive
strategies among women at low cardiovascular disease (CVD) risk based on the American
College of Cardiology and American Heart Association CVD prevention guidelines is unclear.

OBJECTIVE To assess the potential utility of CAC testing for CVD risk estimation and
stratification among low-risk women.

DESIGN, SETTING, AND PARTICIPANTS Women with 10-year atherosclerotic CVD (ASCVD) risk
lower than 7.5% from 5 large population-based cohorts: the Dallas Heart Study (United
States), the Framingham Heart Study (United States), the Heinz Nixdorf Recall study
(Germany), the Multi-Ethnic Study of Atherosclerosis (United States), and the Rotterdam
Study (the Netherlands). The 5 cohorts were selected based on the availability of CAC data in
a sizable group of low-risk women from the general population together with the long
detailed follow-up data. Across the cohorts, events were assessed from the date of CAC scan
(performed from 1998 through 2006) until January 1, 2012; January 1, 2014; or March 6,
2015. Fixed-effects meta-analysis was conducted to combine the results of the 5 studies.

EXPOSURES CAC score by computed tomography.

MAIN OUTCOMES AND MEASURES Main outcome was incident ASCVD, including nonfatal
myocardial infarction, coronary heart disease (CHD) death, and stroke. Association of CAC
with ASCVD was examined using Cox proportional hazards models. To assess whether CAC
was associated with improved ASCVD risk predictions beyond the traditional risk factors, the
C statistic and the continuous net reclassification improvement (cNRI) index were calculated.

RESULTS Among 6739 women with low ASCVD risk from the 5 studies, mean age ranged
from 44 to 63 years and CAC was present in 36.1%. Across the cohorts, median follow-up
ranged from 7.0 to 11.6 years. A total of 165 ASCVD events occurred (64 nonfatal myocardial
infarctions, 29 CHD deaths, and 72 strokes), with the ASCVD incidence rates ranging from 1.5
to 6.0 per 1000 person-years. Compared with the absence of CAC (CAC = 0), presence of
CAC (CAC >0) was associated with an increased risk of ASCVD (incidence rates per 1000
person-years, 1.41 for CAC absence vs 4.33 for CAC presence; difference, 2.92 [95% CI,
2.02-3.83]; multivariable-adjusted hazard ratio, 2.04 [95% CI, 1.44-2.90]). The addition of
CAC to traditional risk factors improved the C statistic from 0.73 (95% CI, 0.69-0.77) to 0.77
(95% CI, 0.74-0.81) and provided a cNRI of 0.20 (95% CI, 0.09-0.31) for ASCVD prediction.

CONCLUSIONS AND RELEVANCE Among women at low ASCVD risk, CAC was present in
approximately one-third and was associated with an increased risk of ASCVD and modest
improvement in prognostic accuracy compared with traditional risk factors. Further research
is needed to assess the clinical utility and cost-effectiveness of this additional accuracy.

JAMA. 2016;316(20):2126-2134. doi:10.1001/jama.2016.17020
Published online November 15, 2016.
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C ardiovascular disease (CVD) is a major health problem
for women worldwide,1-3 and adverse trends in CVD risk
factors among women are an ongoing concern.1,4 Con-

sidering their longer life expectancy, women constitute a larger
proportion of the elderly population with greatest CVD
burden.1,4 Therefore, primary prevention efforts are crucial in
this population.

In clinical practice, cardiovascular risk prediction algo-
rithms have an important role in identifying persons at high
CVD risk as these individuals have the greatest potential ben-
efit from prevention interventions. However, high-risk indi-

viduals comprise a rela-
tively small proportion of
the population distribu-
tion, and the greatest ab-
solute number of CVD oc-
curs among individuals at
low or intermediate risk.5

The 2013 American College of Cardiology and American
Heart Association (ACC/AHA) CVD prevention guidelines rec-
ommend statins for a larger proportion of populations.6 Par-
ticularly among low-risk or intermediate-risk individuals, the
guidelines leave open the possibility of further testing mo-
dalities that may more reliably predict CVD risk. Notably, a large
group of women are categorized as having low or intermedi-
ate CVD risk and would therefore not typically qualify for phar-
macologic management of standard risk factors.6

Coronary artery calcium (CAC) scanning allows for the de-
tection of subclinical coronary atherosclerosis, and the pres-
ence of CAC in asymptomatic individuals is associated with
higher risk for coronary heart disease (CHD) and all-cause
mortality.7,8 In a previous analysis from the Multi-Ethnic Study
of Atherosclerosis (MESA), CAC was present in 32% of women
with low CHD risk and was associated with 6.5-fold higher CHD
risk.9 As guidelines are updated to broaden the outcome from
CHD to CVD and to lower the risk threshold for statin
treatment,6,10 it is important to address the utility of CAC as a
potential tool for refining CVD risk assessment in asymptom-
atic women at low to intermediate CVD risk based on the new
guidelines.

Methods
Cohorts
Women were included from 5 population-based cohorts: the
Dallas Heart Study (DHS; United States),11 the Framingham
Heart Study (FHS; United States),12,13 the Multi-Ethnic Study
of Atherosclerosis (MESA; United States),14 the Heinz Nixdorf
Recall (HNR; Germany) study,15 and the Rotterdam Study
(RS; the Netherlands).16 The 5 cohorts were selected based on
the availability of CAC data in a sizable group of low-risk
women from the general population together with the long
detailed follow-up data. The DHS was approved by the insti-
tutional review board of the University of Texas Southwest-
ern Medical Center. The institutional review boards of the
Boston University Medical Center and Massachusetts General
Hospital approved the FHS. The HNR study was approved at

each step by the local ethics committee. MESA was a multi-
center study; all clinical sites and the coordinating center had
approval from their individual institutional review boards to
perform the study, including the follow-up. The RS was
approved by the medical ethics committee according to the
Population Study Act Rotterdam Study executed by the Min-
istry of Health, Welfare, and Sports of the Netherlands. In all
5 cohort studies, written informed consent was obtained
from all participants. Description of the included cohorts is
provided in the Supplement.

For all cohorts, the exclusion criteria were as follows:
previous history of coronary artery disease, stroke, chronic
kidney disease with glomerular filtration rate less than
30 mL/min/1.73 m2, treatment with statin, low-density lipo-
protein (LDL) cholesterol levels at 190 mg/dL or higher
(to convert LDL to mmol/L, multiply by 0.0259), and being
older than 79 years. In a secondary analysis with CHD as the
outcome, individuals with diabetes were additionally
excluded. All other women from each cohort who underwent
CAC scanning and had sufficient data to calculate their risk
scores were eligible for this analysis.

CAC Scan
Data from the CAC scan at year 0 for each cohort were used to
allow for the maximum follow-up period. Total CAC score,
based on the sum of the individual coronary arteries (left
main, left anterior descending, circumflex, and right coro-
nary arteries), was quantified by the Agatston method.17 CAC
was measured by a C-150XP electron beam computed tomog-
raphy scanner (Imatron) in DHS, an 8-slice multidetector
computed tomography scanner (Lightspeed Ultra, General
Electric) in FHS, a nonenhanced C-100 or C-150 electron
beam computed tomography scanner (General Electric
Imatron) in HNR, a cardiac-gated electron beam computed
tomography scanner (used in Chicago, Illinois; Los Angeles,
California; and New York, New York) or a multidetector com-
puted tomography scanner (used in Baltimore, Maryland;
Forsyth County, North Carolina; and Minneapolis, Minnesota)
in MESA, and a C-150 electron beam computed tomography

ASCVD atherosclerotic
cardiovascular disease

CAC coronary artery calcium

CHD coronary heart disease

cNRI continuous net reclassification
improvement

Key Points
Question What is the value of coronary artery calcium (CAC) for
cardiovascular risk assessment among women with 10-year
atherosclerotic cardiovascular disease (ASCVD) risk less than 7.5%
(low risk of CVD)?

Findings Among 6739 low-risk women from 5 large
population-based cohorts, compared with CAC absence, CAC
presence was associated with an increased risk of ASCVD
(incidence rates per 1000 person-years, 1.41 for CAC absence vs
4.33 for CAC presence). Addition of CAC to traditional risk factors
led to modest improvement in prognostic accuracy.

Meaning Among women at low risk of ASCVD, CAC was present in
approximately one-third and was associated with an increased risk
of ASCVD and modest improvement in prognostic accuracy
compared with traditional risk factors.
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scanner (General Electric Imatron) or 16-slice or 64-slice mul-
tidetector computed tomography scanners (SOMATOM Sensa-
tion 16 or 64, Siemens) in RS, using the protocols described pre-
viously. More details regarding CAC assessment are provided in
the Supplement.

Clinical Outcomes
The primary outcome was incident atherosclerotic CVD
(ASCVD), a composite of nonfatal myocardial infarction, death
due to CHD, and stroke. Moreover, total CHD—a composite of
nonfatal myocardial infarction and death due to CHD—was ex-
amined as the secondary outcome. Details regarding the clini-
cal outcomes for each cohort are provided in the Supplement.

Statistical Analysis
For each cohort, the 10-year risk for ASCVD for eligible par-
ticipants was calculated using the variables from the ACC/
AHA pooled cohort equations; namely, age, total and high-
density lipoprotein (HDL) cholesterol levels, current smoking
status, systolic blood pressure, use of antihypertensive medi-
cation, and diabetes.18

Baseline characteristics were presented for the total
population of each cohort and according to CAC presence.
Participants were classified both by status of CAC (CAC pres-
ence [CAC >0] or CAC absence [CAC = 0]) and by severity of
CAC burden (strata: CAC = 0, >0-100, >100). Absence of CAC
in the coronary arteries indicates a very low likelihood of
presence of atherosclerotic plaque and subsequently a sig-
nificant luminal obstructive disease.19 Presence of any CAC,
even minimal or mild CAC, carries an important clinical
relevance.19 CAC categories of 1 to 99, 100 to 299, 300 to 999,
and 1000 or more have repeatedly shown an incremental
relationship with future cardiovascular events in different
populations.7,20

Considering the low risk of the population included in the
current analysis and the distribution of CAC in this popula-
tion, the most clinically relevant cut points of 0 and 100 were
selected for the analyses. The incidence rate of the event per
1000 person-years of follow-up for the total population of low-
risk women and for each category of CAC (status and strata)
was calculated. The difference in the incidence rates of events
between the strata compared with CAC absence (as the refer-
ent) was calculated.

Cox proportional hazard regression models were
used to examine the association of CAC with event out-
comes. Details regarding evaluating the proportional haz-
ards assumption are provided in the Supplement. In short,
all models met the proportional hazards assumption. In par-
ticular, hazard ratios (HR) for the association between con-
tinuous CAC (ie, for each unit increase in the natural log-
transformed [CAC score + 1]), between CAC presence vs CAC
absence, and between each CAC stratum (using CAC absence
as the referent) with the event outcome were computed. The
HRs were adjusted for traditional cardiovascular risk factors
including age, race/ethnicity (if applicable), scanner type (if
applicable) total and HDL cholesterol levels, current smoking
status, systolic blood pressure, use of antihypertensive medi-
cation, and diabetes.

For the primary analyses, 2 survival models were
fit. The original base survival Cox model included the vari-
ables from the ACC/AHA pooled cohort equations and
was fitted as age, total and HDL cholesterol levels, current
smoking status, systolic blood pressure, use of antihyperten-
sive medication, and diabetes.18 The second extended sur-
vival model additionally included CAC score in its con-
tinuous form (ie, natural log-transformed [CAC score + 1]).
The performance of the base model and the extended
model in prediction of the event outcome were then com-
pared. Ten-year ASCVD predicted risks from the base model
and from the extended model were used to evaluate the pre-
dictive ability of CAC score for events beyond the conven-
tional cardiovascular risk factors used in the pooled cohort
equation.

The discrimination of the base and the extended risk pre-
diction models was assessed using the C statistic. Discrimina-
tion refers to the ability of the model to assign a higher risk to
individuals who develop the outcome of interest compared
with those who remain free of disease. To examine the ability
of the CAC score to reclassify women categorized as low-risk
or intermediate-risk based on the pooled cohort equation,
the continuous net reclassification improvement (cNRI)
index was calculated.21

Individual-level data were not made available outside
each study center. Each of the 5 cohorts performed the analy-
ses at its own research center based on a common analysis
plan and delivered the results as aggregate summaries. A
fixed-effects meta-analysis was then conducted to combine
the summary results from the 5 studies. Two-sided P values
were reported. I2 statistics for the assessment of statistical
heterogeneity between cohort studies were computed.
Values less than 50% were assumed to entail little heteroge-
neity, and values greater than 75% were assumed to show
substantial heterogeneity.22 As no significant heterogeneity
was identified and findings from both fixed-effects and
random-effects approaches were similar, fixed-effects esti-
mates were reported.

In a secondary set of analyses, the added predictive abil-
ity of CAC in prediction of CHD beyond the traditional risk
factors was evaluated. The 10-year risk for CHD for eligible par-
ticipants was calculated using the variables from the Framing-
ham risk score, including age, total and HDL cholesterol lev-
els, current smoking status, systolic blood pressure, and use
of antihypertensive medication.23 Based on the Third Report
of the Adult Treatment Panel (ATP-III) of the National Choles-
terol Education Program, the threshold of 10% was used to de-
fine women at low CHD risk.10

Information regarding missing values in different cohorts
is provided in the Supplement. Briefly, in FHS, HNR, and
MESA, only participants without any missing data were
included in the analyses. Information on several covariates
was missing in up to 3.8% of participants in DHS and to 5.5%
of participants in the RS. Multiple imputation was carried out
in these 2 cohorts. All analyses were performed using SAS
(SAS Institute), version 9.3, and R (R Foundation for Statisti-
cal Computing), version 3.2.3. A 2-sided P value of .05 or less
denoted statistical significance.
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Results

CAC for Prediction of ASCVD Among Women at Low Risk
for ASCVD (10-Year ASCVD Risk <7.5%)
The analysis of the utility of CAC in prediction of ASCVD among
low-risk women with 10-year ASCVD risk less than 7.5% in-
cluded 6739 women from 5 population-based cohort studies.
Baseline characteristics of women at low ASCVD risk in 5 popu-
lation-based cohort studies are presented in Table 1. The mean
age ranged from 44 to 63 years among the included studies.
Among women at low ASCVD risk in 5 different cohorts, 2.3%
to 6.6% had diabetes at baseline. Family history of premature
CHD was reported by 14.0% to 42.4% of women in different
studies. The CAC presence (CAC >0) varied from 25.2% to
66.5% in the different cohorts. In total, CAC was present in
36.1% of all low–ASCVD risk women included in this meta-
analysis (2435 of 6739 women).

The characteristics of women at low ASCVD risk strati-
fied by CAC presence are shown in eTable 1 in Supplement.
Overall, women at low ASCVD risk with CAC (CAC presence
group) were older and had a more unfavorable cardiovascu-
lar risk profile compared with those with no evidence of CAC
(CAC absence group). Prevalence of diabetes and family his-

tory of premature CHD were also higher among the CAC pres-
ence group compared with the CAC absence group.

Follow-up for the current analyses started from the date
of CAC scan. Across the cohorts, the CAC scans were per-
formed from 1998 through 2006 and ASCVD events were
assessed until January 1, 2012; January 1, 2014; or March 6,
2015. Details regarding dates of study enrollment, CAC scan,
and end of follow-up for different cohorts are provided in
eTable 2 in the Supplement. Median follow-up for the ASCVD
analyses ranged from 7.0 to 11.6 years and a total of 165
ASCVD events (including 64 nonfatal myocardial infarctions,
29 CHD deaths, and 72 strokes) occurred. The total ASCVD
incidence rate in the 5 cohorts ranged from 1.5 to 6.0 per
1000 person-years.

Presence of CAC and severity of CAC burden were accom-
panied by higher ASCVD incidence rates across all cohorts.
The incidence rate per 1000 person-years for the ASCVD
event ranged from 0.45 to 3.15 in the CAC absence group and
from 3.08 to 7.50 in the CAC presence group. Overall, CAC
presence was associated with an ASCVD incidence rate of
4.33 per 1000 person-years, whereas the CAC absence was
associated with an ASCVD incidence rate of 1.41 per 1000
person-years (difference, 2.92 [95% CI, 2.02-3.83] per 1000
person-years) (Table 2). When classified by severity of CAC

Table 1. Characteristics of Study Cohorts for Total Population of Women With 10-Year ASCVD Risk Less Than
7.5% at Year 0

Parameter
DHS
(n = 1141)

FHS
(n = 1335)

HNR
(n = 1497)

MESA
(n = 2279)

RS
(n = 487)

Age, mean (SD), y 44.0 (9.1) 49.5 (8.0) 56.7 (6.6) 58.2 (8.8) 63.3 (2.8)

Race/ethnicity, No.(%)

White 381 (33.4) NA NA 859 (37.7) NA

Black 550 (48.2) NA NA 621 (27.3) NA

Hispanic 198 (17.4) NA NA 491 (21.5) NA

Chinese 12 (1.1) NA NA 308 (13.5) NA

Blood pressure, mean (SD),
mm Hg

Systolic 122.0 (15.8) 117.8 (117.8) 122.9 (18.1) 120.1 (19.3) 132.6 (15.8)

Diastolic 77.0 (9.0) 73.5 (9.0) 77.8 (10.1) 68.3 (9.8) 75.8 (9.3)

BMI, mean (SD) 30.7 (7.2) 26.7 (7.1) 26.8 (5.0) 28.5 (6.4) 27.0 (4.3)

Cholesterol, mean (SD), mg/dL

Total 177.5 (34.8) 196.0 (33.6) 225.8 (33.4) 197.7 (32.5) 229.4 (30.4)

High-density lipoprotein 54.1 (15.2) 63.2 (17.0) 67.4 (16.7) 57.6 (15.8) 65.7 (16.1)

Triglycerides 103.2 (71.5) 101.9 (57.7) 119.1 (72.9) 118.3 (68.5) 111.0 ± 48.0)

Fasting blood glucose, mean
(SD), mg/dL

95.4 (26.4) 93.3 (14.4) 103.6 (18.4) 90.6 (22.9) 98.5 (17.4)

Diabetes mellitus, No. (%) 60 (5.3) 31 (2.3) 70 (4.7) 130 (5.7) 32 (6.6)

C-reactive protein, mean (SD),
mg/L

5.6 (5.6) 3.2 (4.7) 3.0 (12.8) 4.5 (6.2) 2.0 (2.7)

Current smoker, No. (%) 231 (20.3) 168 (12.6) 334 (22.3) 176 (7.7) 17 (3.5)

Antihypertensive medication,
No. (%)

144 (13.2) 158 (11.8) 326 (21.8) 493 (21.6) 40 (8.2)

Family history of premature
CHD, No. (%)

233 (20.4) 248 (23.3)a 154 (14.0)b 916 (42.4) 88 (18.1)

CAC >0, No. (%) 476 (41.7) 337 (25.2) 678 (45.3) 620 (27.2) 324 (66.5)

CAC (Agatston score), median
(25th-75th percentiles)

0 (0-1.4) 0 (0-0.6) 0 (0-14.2) 0 (0-3.5) 3.3 (0-35.1)

Follow-up time, median
(25th-75th percentiles), yc

10.2
(9.7-10.7)

9.5
(8.3-10.0)

11.6
(10.6-12.4)

11.4
(10.8-11.8)

7.0
(5.2-10.9)

Abbreviations: ASCVD,
atherosclerotic cardiovascular
disease (composed of nonfatal
myocardial infarction, coronary heart
disease death, stroke); BMI, body
mass index (calculated as weight in
kilograms divided by height in meters
squared); CAC, coronary artery
calcium.; DHS, Dallas Heart Study;
FHS, Framingham Heart Study;
HNR, Heinz Nixdorf Recall;
MESA, Multi-Ethnic Study of
Atherosclerosis; NA, not applicable;
RS, Rotterdam Study.

SI Conversion Factors: To convert
C-reactive protein to nmol/L, multiply
by 9.524; glucose to mmol/L,
multiply by 0.0555; high-density
lipoprotein and total cholesterol to
mmol/L, multiply by 0.0259;
triglycerides to mmol/L, multiply
by 0.0113.
a Data for family history of premature

coronary heart disease was not
available for everyone, therefore
the denominator for this frequency
is 1065 (ie, 23.3% = 248 of 1065
individuals).

b Excluding individuals with no
information on biological parents
(eg, deceased during World War II).

c Follow-up time was from the date
of coronary calcium computed
tomography until the end
of follow-up.
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burden, the ASCVD incidence rate per 1000 person-years
ranged from 1.72 to 6.60 for the stratum of CAC greater than
0 to 100 and from 9.06 to 10.68 for the stratum of CAC
greater than 100 (Table 3). Compared with CAC absence, the
strata of CAC greater than 0 to 100 and CAC greater than 100
were associated with an increase in the ASCVD incidence rate
per 1000 person-years of 1.66 (95% CI, 0.80-2.52) and 8.27
(95% CI, 5.39-11.15), respectively (Table 3).

Among women at low ASCVD risk, presence and sever-
ity of CAC burden were also associated with statistically sig-
nificant multivariable adjusted HRs. Compared with the
CAC absence group, the HR from the fixed-effects meta-
analysis was 2.04 (95% CI, 1.44-2.90) for the CAC presence
group, and 1.53 (95% CI, 1.02-2.29) for the CAC greater than

0 to 100 and 4.02 (95% CI, 2.61-6.19) for the CAC greater
than 100 strata. When CAC was analyzed continuously
(natural log-transformed [CAC score + 1]), the HR from the
fixed-effects meta-analysis was 1.29 (95% CI, 1.20-1.39)
(Table 4).

The added predictive ability of CAC in terms of discrimi-
nation and reclassification above the conventional cardiovas-
cular risk factors that form the pooled cohort equation is
shown in Table 5. The C statistic of the base model (contain-
ing the risk factors from the pooled cohort equation) in pre-
diction of ASCVD events ranged from 0.66 to 0.78 in different
cohorts. The addition of CAC to the base model resulted in an
increase in the C statistic in all 5 cohorts. The overall C statis-
tic increased from 0.73 (95% CI, 0.69-0.77) for the base

Table 3. Incident Event Rates for ASCVD Among Low-Risk Women (10-Year ASCVD Risk <7.5%) by CAC Strata

Cohort

CAC Absence (CAC = 0) CAC >0-100 CAC >100

No. of
Events
(Total
Individuals)

No. of
Events
per 1000 PYa

No. of
Events
(Total
Individuals)

PY
of Follow-up

No. of
Events
per 1000 PY IRD (95% CI)b

No. of
Events
(Total
Individuals)

PY
of Follow-up

No. of
Events
per 1000 PYa IRD (95% CI)c

DHS 3 (665) 0.45 11 (438) 4218 2.61 2.16
(0.53 to 3.78)

3 (38) 331 9.06 8.61
(−1.66 to 18.88)

FHS 10 (998) 1.12 4 (263) 2326 1.72 0.60
(−1.22 to 2.42)

6 (74) 595 10.08 8.96
(0.87 to 17.06)

HNR 12 (819) 1.29 18 (559) 6110 2.95 1.66
(0.11 to 3.20)

12 (119) 1245 9.64 8.35
(2.85 to 13.85)

MESA 33 (1659) 1.85 13 (438) 4614 2.82 0.97
(−0.68 to 2.63)

17 (182) 1813 9.38 7.53
(3.03 to 12.03)

RS 4 (163) 3.15 13 (253) 1970 6.60 3.45
(−1.29 to 8.18)

6 (71) 562 10.68 7.53
(−1.56 to 16.61)

All cohorts 62 (4304) 1.41 59 (1951) 19238 3.07 1.66
(0.80 to 2.52)

44 (484) 4546 9.68 8.27
(5.39 to 11.15)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease (composed of
nonfatal myocardial infarction, coronary heart disease death, stroke);
CAC, coronary artery calcium; DHS, Dallas Heart Study; FHS, Framingham Heart
Study; HNR, Heinz Nixdorf Recall; IRD, incidence rate difference; PY, person-years
of follow-up; MESA, Multi-Ethnic Study of Atherosclerosis; RS, Rotterdam Study.

a No. of events per 1000 PY indicates number of ASCVD events in each stratum
per 1000 person-years of follow-up in that stratum (incidence rate).

b ASCVD incidence rate difference (95% CI) for the category of CAC greater than
0 to 100 vs CAC absence.

c ASCVD incidence rate difference (95% CI) for the category of CAC greater than
100 vs CAC absence.

Table 2. Incident Event Rates for ASCVD Among Low-Risk Women (10-Year ASCVD Risk <7.5%) by CAC Status

Cohort

CAC Absence Group (CAC = 0) CAC Presence Group (CAC >0)
No. of Events
(Total Individuals) PY of Follow-up

No. of Events
per 1000 PYa

No. of Events
(Total Individuals) PY of Follow-up

No. of Events
per 1000 PYa IRD (95% CI)b

DHS 3 (665) 6647 0.45 14 (476) 4548 3.08 2.63
(0.94 to 4.32)

FHS 10 (998) 8932 1.12 10 (337) 2921 3.42 2.30
(0.07 to 4.54)

HNR 12 (819) 9312 1.29 30 (678) 7356 4.08 2.79
(1.16 to 4.42)

MESA 33 (1659) 17884 1.85 30 (620) 6428 4.67 2.82
(1.04 to 4.61)

RS 4 (163) 1268 3.15 19 (324) 2532 7.50 4.35
(−0.23 to 8.93)

All cohorts 62 (4304) 44043 1.41 103 (2435) 23785 4.33 2.92
(2.02 to 3.83)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease (composed of
nonfatal myocardial infarction, coronary heart disease death, stroke);
CAC, coronary artery calcium; DHS, Dallas Heart Study; FHS, Framingham Heart
Study; HNR, Heinz Nixdorf Recall; IRD, incidence rate difference;
MESA, Multi-Ethnic Study of Atherosclerosis; PY, person-years of follow-up;
RS, Rotterdam Study.

a No. of events per 1000 PY indicates number of ASCVD events in each
category per 1000 person-years of follow-up in that category (incidence rate).

b ASCVD incidence rate difference (95% CI) for CAC presence (CAC >0)
vs CAC absence (CAC = 0).
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model to 0.77 (95% CI, 0.74-0.81) for the model with the
addition of CAC. The delta C statistic from the fixed-effects
meta-analysis after addition of CAC was 0.02 (95% CI, 0.00-
0.05); P value = .08. When examining risk stratification, the
overall cNRI after addition of CAC to the base model was 0.20
(95% CI, 0.09-0.31).

CAC for Prediction of CHD Among Women at Low Risk
for CHD (10-Year CHD Risk <10%)
The secondary analysis on the value of CAC in the prediction
of CHD events among low-risk women with 10-year CHD risk
less than 10% included 7772 women from 5 population-
based cohort studies. Across the cohorts, median follow-up for
the CHD analyses ranged from 7.7 to 11.6 years and a total of

150 CHD events occurred, including 93 nonfatal myocardial in-
farctions and 57 CHD deaths. The total CHD incidence rate in
the 5 cohorts ranged from 0.5 to 3.8 per 1000 person-years.
The results for this set of analyses are presented in eTables 3
through 8 in the Supplement.

Discussion
This meta-analysis involving data on 6739 women from 5 popu-
lation-based cohort studies showed that coronary calcifica-
tion was present in 36% of the women who were categorized
as having low risk for cardiovascular disease based on the most
recent ACC/AHA guidelines. Among these low-risk women,

Table 5. Model Comparison With Addition of CAC to Baseline Risk Prediction Model for ASCVD

Cohort

C Statistic (95% CI)

Delta of C Statistic (95% CI) Continuous NRI (95% CI)Baseline Modela With Addition of CACb

DHS 0.73
(0.64 to 0.83)

0.78
(0.66 to 0.86)

0.05
(−0.06 to 0.15)

0.35
(−0.16 to 0.85)

FHS 0.78
(0.68 to 0.88)

0.78
(0.67 to 0.88)

0.00
(−0.03 to 0.04)

0.33
(−0.11 to 0.76)

HNR 0.75
(0.67 to 0.82)

0.80
(0.73 to 0.86)

0.05
(−0.01 to 0.11)

0.21
(0.05 to 0.40)

MESA 0.70
(0.63 to 0.77)

0.74
(0.66 to 0.82)

0.04
(−0.02 to 0.10)

0.23
(0.0 to 0.45)

RS 0.66
(0.48 to 0.83)

0.72
(0.56 to 0.87)

0.06
(−0.06 to 0.18)

−0.05
(−0.31 to 0.33)

Fixed effects 0.73
(0.69 to 0.77)

0.77
(0.74 to 0.81)

0.02
(0.00 to 0.05)

0.20
(0.09 to 0.31)

I2, %c 0.0 0.0 0.0 0.0

P value for I2 .64 .77 .50 .54

Abbreviations: ASCVD, atherosclerotic cardiovascular disease (composed of
nonfatal myocardial infarction, coronary heart disease death, stroke);
CAC, coronary artery calcium; DHS, Dallas Heart Study; FHS, Framingham Heart
Study; HNR, Heinz Nixdorf Recall; MESA, Multi-Ethnic Study of Atherosclerosis;
NRI, net reclassification improvement; RS, Rotterdam Study.

a Baseline model includes age, race/ethnicity (if applicable), total cholesterol,
high density lipoprotein (HDL) cholesterol, current smoking, systolic blood
pressure, antihypertensive medication, and diabetes.

b CAC was added as a continuous variable (natural log-transformed [CAC
score + 1]) to the baseline model.

c I2 statistic indicates the percentage of variance in a meta-analysis that is
attributable to study heterogeneity.

Table 4. Hazard Ratios for ASCVD Among Low-Risk Women (10-Year ASCVD Risk <7.5%) for Continuous CAC, by CAC Status, and by CAC Strata

Cohort

Hazard Ratio (95% CI) for ASCVDa

Continuous CACb
CAC Presence (CAC >0)
vs CAC Absence (CAC = 0) CAC >0-100 vs CAC Absence CAC >100 vs CAC Absence

DHS 1.70 (1.27-2.28) 4.92 (1.28-18.92) 4.35 (1.10-17.25) 14.08 (2.23-89.03)

FHS 1.24 (1.00-1.54) 1.44 (0.55-3.82) 0.84 (0.25-2.84) 3.75 (1.16-12.17)

HNR 1.28 (1.11-1.47) 2.23 (1.12-4.45) 1.79 (0.85-3.76) 4.24 (1.79-10.04)

MESA 1.29 (1.15-1.44) 1.93 (1.14-3.26) 1.25 (0.64-2.41) 3.78 (1.98-7.18)

RS 1.20 (0.98-1.47) 1.82 (0.60-5.47) 1.59 (0.51-4.99) 2.67 (0.73-9.79)

Fixed effects 1.29 (1.20-1.39) 2.04 (1.44-2.90) 1.53 (1.02-2.29) 4.02 (2.61-6.19)

I2, %c 1.2 0.0 0.0 0.0

P value for I2 .40 .68 .45 .69

Abbreviations: ASCVD, atherosclerotic cardiovascular disease (composed of
nonfatal myocardial infarction, coronary heart disease death, stroke);
CAC, coronary artery calcium; DHS, Dallas Heart Study; FHS, Framingham Heart
Study; HNR, Heinz Nixdorf Recall; MESA, Multi-Ethnic Study of Atherosclerosis;
RS, Rotterdam Study.

a Hazard ratios (95% CIs) are adjusted for age, race/ethnicity (if applicable),
total cholesterol, high-density lipoprotein cholesterol, current smoking,
systolic blood pressure, antihypertensive medication, and diabetes.

b CAC was used as a continuous variable (natural log-transformed [CAC
score + 1]) in the model.

c I2 statistic indicates the percentage of variance in a meta-analysis that is
attributable to study heterogeneity.
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presence of CAC was associated with an increase of 2.92 per
1000 person-years in ASCVD incidence rate. Addition of CAC
to the most recent algorithm for prediction of cardiovascular
events was associated with a small improvement in discrimi-
nation and a cNRI index of 0.20 for women categorized as low
risk by the new guidelines.

Guidelines for CVD prevention recommend use of a sys-
tem evaluating the combined effect of risk factors as the
basis for clinical decision making. The CVD prevention
guidelines tend to focus the pharmacologic therapies on
“high-risk” individuals exceeding specific risk thresholds.
This approach has been successful in directing treatment
to those who may realize the greatest benefit. However,
the high-risk strategy precludes treatment from a larger
group of individuals—predominantly younger adults and
many women—despite their relatively high rates of signifi-
cantly elevated and modifiable risk factors. Over the past 2
decades, guidelines have changed in terms of extending the
scope of the outcome from CHD to CVD as well as lowering
the risk threshold for statin treatment. Yet a sizeable num-
ber of women from the 5 large population-based cohorts
included in the current meta-analysis were categorized as
being at low ASCVD risk based on the most recent ACC/AHA
guidelines for CVD prevention.6

Burden of calcification of the coronary arteries is viewed
as an integrated measure reflecting the cumulative exposure
to risk factors over the lifetime. Presence of CAC has been sug-
gested to improve cardiovascular risk prediction and stratifi-
cation above the current risk-scoring algorithms. Recent evi-
dence points toward the value of CAC in improvement of CHD
risk predictions in the general population,24,25 among women,9

and among younger individuals.26 However, in the light of the
new amendments introduced by the most recent ACC/AHA
guidelines for cardiovascular prevention,6 the potential ben-
efit of CAC testing among women who are classified as low risk
remains unclear.

This study demonstrated, for the first time to our
knowledge, that CAC was present in a large proportion
(36%) of women with a 10-year ASCVD risk of less than
7.5%. The hazard of developing an ASCVD event was higher
when CAC was detectable (fixed-effect HR, 2.04). These
results further strengthen the current evidence by show-
ing that CAC has the potential to modestly improve risk
discrimination and to further risk stratify asymptomatic
individuals categorized as having low ASCVD risk by the
recent guidelines. Although results regarding direct com-
parison of the added predictive accuracy of CAC with other
subclinical measures of atherosclerosis, including carotid
intima-media thickness or ankle brachial index, in the same
population of women are not available, comparison of the
results from the current study with earlier studies on CVD
prediction indicates relatively larger improvements in both
discrimination and reclassification measures for CAC
compared with carotid intima-media thickness or ankle bra-
chial index.24,27,28

Absence of CAC was associated with an overall low
ASCVD incidence rate of 1.41 per 1000 person-years.
Although CAC presence in the coronary arteries (CAC>0) was

associated with an increase of 2.92 per 1000 person-years in
the ASCVD event rate, the overall incidence rate across the
cohorts was 4.33 per 1000 person-years for CAC presence.
This is still below the typical treatment threshold (7.5%
ASCVD risk) recommended by the new guidelines. Only
larger burden of coronary atherosclerosis (ie, CAC >100) was
associated with greater ASCVD incidence rates exceeding the
new treatment threshold of 7.5%. However, when drug costs
and treatment-related disutility are low, recent cost-
effectiveness analyses suggest statin therapy to be cost-
effective among men and women with ASCVD risk as low as
3% to 4%.29,30

The decision regarding the use of CAC among low-risk
women needs to consider the broader context and whether any
additional testing is justifiable vs simply treating all such
women with statins based on risk factor scores alone. Emerg-
ing evidence indicates that CAC screening and identification
of CAC abnormalities may lead to favorable improvements in
cardiovascular risk factors.31 Additionally, CAC testing has been
shown to improve therapeutic compliance not only in terms
of adherence to medication but also with lifestyle changes in-
cluding diet and exercise.32,33

However, a formal analysis taking into consideration the
economic costs of coronary calcium scan, cost of preventive
medications, benefits and risk of adverse effects of medica-
tions, as well as cancer-related risk associated with radia-
tion is needed to determine if the additional predictive
information provided by CAC testing is cost-effective in this
specific subset of women. Although the amount of radiation
for computed tomography scanning is small, radiation
exposure could lead to an excess risk for cancer, especially
among younger patients and women. Because the associa-
tion between radiation and incidence of cancers seems to be
cumulative, risks increase for each scan performed, suggest-
ing that in the setting of primary screening of asymptomatic
individuals repetitive scans might be inappropriate.

Another important consideration includes the balance
of risks and benefits of additional diagnostic testing that
may be recommended to follow up incidental findings such
as lung nodules. Findings from the current study support
the need for further studies to better define which group of
low-risk women have the highest yield from CAC testing.
Besides considering the cost-effectiveness, the ultimate
decision regarding the application of CAC testing among
women at low cardiovascular risk remains to be verified in
randomized clinical trials testing the value of CAC in
improving the outcomes.

Major strengths of this study include the large sample
size comprising the major population-based studies with
available data on CAC, the geographically diverse nature of
the cohorts, and the analysis based on individual-level data
through the availability of standardized risk factor data
together with detailed follow-up information in different
cohorts.

This study also has several limitations. First, this study
included only 5 cohorts that were selected based on the
availability of CAC data in a sizable group of low-risk women
from the general population together with the long detailed
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follow-up data. Second, most of the included participants
were of European descent. Although 2 of the included
cohorts (DHS and MESA) also included black, Hispanic, and
Chinese individuals, race/ethnicity was included in the mod-
els as a covariate, and we did not have enough power to per-
form separate analysis in different racial groups. Results of
the current study, therefore, might not be generalizable to
non-European populations. Third, the numbers of ASCVD
events for several CAC categories were relatively small.

Conclusions

Among women at low risk of ASCVD, CAC was present in ap-
proximately one-third and was associated with increased risk
of ASCVD and modest improvement in prognostic accuracy
compared with traditional risk factors. Further research is
needed to assess the clinical utility and cost-effectiveness of
this additional accuracy.

ARTICLE INFORMATION

Published Online: November 15, 2016.
doi:10.1001/jama.2016.17020

Author Affiliations: Department of Epidemiology,
Erasmus University Medical Center, Rotterdam, the
Netherlands (Kavousi, Ikram, Hofman, Franco);
Division of Cardiology, Ciccarone Center for the
Prevention of Heart Disease, Johns Hopkins
Medical Institutions, Baltimore, Maryland (Desai,
Blumenthal); Division of Clinical Sciences,
University of Texas Southwestern Medical Center,
Dallas (Ayers); Division of Cardiology, Los Angeles
Biomedical Research Institute at Harbor-University
of California, Los Angeles Medical Center, Los
Angeles (Budoff); Department of Cardiology, West
German Heart and Vascular Center, University Clinic
Essen, Essen, Germany (Mahabadi); Department of
Radiology, Erasmus University Medical Center,
Rotterdam, the Netherlands (Ikram, van der Lugt);
Department of Neurology, Erasmus University
Medical Center, Rotterdam, the Netherlands
(Ikram); Department of Epidemiology, Harvard T.H.
Chan School of Public Health, Boston,
Massachusetts (Hofman); Institute for Medical
Informatics, Biometry, and Epidemiology,
University of Duisburg-Essen, Essen, Germany
(Erbel, Geisel, Jöckel, Lehmann); Division of
Cardiology, University of Texas Southwestern
Medical Center, Dallas (Khera); Cardiac MR PET CT
Program, Department of Radiology, Massachusetts
General Hospital and Harvard Medical School,
Boston (Hoffmann); Cardiology Division,
Department of Medicine, Massachusetts General
Hospital, Harvard Medical School, Boston
(O’Donnell); National Heart, Lung and Blood
Institute's Framingham Heart Study, Framingham,
Massachusetts (O’Donnell, Massaro); National
Heart, Lung and Blood Institute, Bethesda,
Maryland (O’Donnell); Department of Biostatistics,
Boston University School of Public Health, Boston,
Massachusetts (Massaro); Department of
Preventive Medicine, Feinberg School of Medicine,
Northwestern University, Chicago, Illinois (Liu, Ning,
Greenland); Krankenhaus Bethanien, Department
of Cardiology, Moers, Germany (Möhlenkamp);
Senior Editor, JAMA (Greenland).

Author Contributions: Drs Kavousi and Ning had
full access to all the data in this study and take
responsibility for the integrity of the data and the
accuracy of the data analysis. They received the
aggregate summary results from the involved
cohorts, as individual-level data were not made
available outside of each study center.
Concept and design: Kavousi, Greenland.
Acquisition, analysis, or interpretation of data:
Kavousi, Ayers, Blumenthal, Budoff, Mahabadi,
Ikram, van der Lugt, Hofman, Khera, Geisel, Jöckel,
Lehmann, Hoffmann, Massaro, Liu, Möhlenkamp,
Ning, Franco, Greenland.

Drafting of the manuscript: Kavousi, Greenland.
Critical revision of the manuscript for important
intellectual content: Kavousi, Ayers, Blumenthal,
Budoff, Mahabadi, Ikram, van der Lugt, Hofman,
Khera, Geisel, Jöckel, Lehmann, Hoffmann,
Massaro, Liu, Möhlenkamp, Ning, Franco,
Greenland.
Statistical analysis: Kavousi, Ayers, Mahabadi,
Khera, Geisel, Lehmann, Hoffmann, Massaro, Ning.
Obtained funding: Ikram, Möhlenkamp, Franco,
Greenland.
Administrative, technical, or material support:
Budoff, Mahabadi, Ikram, Khera, Jöckel,
Möhlenkamp, Franco, Greenland.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest.
Dr Kavousi reports receiving Veni grant 91616079
from Netherlands Organisation for Scientific
Research (NWO). Dr Budoff reports receiving grant
funding from the National Institutes of Health (NIH)
and General Electric. Dr van der Lugt reports
receiving grant funding from GE Healthcare.
Dr Geisel reports receiving grant SCHE1648/1-3
from German Research Foundation. Dr Hoffman
reports receiving grant funding from HeartFlow, the
American College of Radiology Imaging, Siemens,
and Kowa; and personal fees from the American
Heart Association. Dr Massaro reports grant
funding from the National Heart, Lung, and Blood
Institute (NHLBI). Dr Franco reports receiving grant
funding from Metagenics (women’s health and
epigenetics) and Nestlé (child health); and working
in ErasmusAGE, a center for aging research across
the life course funded by Nestlé Nutrition (Nestec);
Metagenics; and AXA. Dr Greenland reports
receiving grant funding from NIH. No other
disclosures were reported.

Funding/Support: The Dallas Heart Study was
funded by the Donald W. Reynolds Foundation and
the research was supported by grant UL1TR001105
from the National Center for Advancing
Translational Sciences of the NIH. For the
Framingham Heart Study, the research was
supported by grants N01-HC-25195, HL076784,
AG028321, HL070100, HL060040, HL080124,
HL071039, HL077447, and HL107385 from the NIH
NHLBI’s Framingham Heart Study. This research
was conducted in part using data and resources
from the Framingham Heart Study of the NHLBI of
the NIH and Boston University School of Medicine.
The Heinz Nixdorf Recall (HNR) study was
supported by the Heinz Nixdorf Foundation and the
German Ministry of Education and Science that
transferred the monitoring of the study to the
German Aero-space Center [Deutsches Zentrum für
Luft- und Raumfahrt], Bonn, Germany. An
international advisory board and quality control as
well as event committee were established, but had

no role concerning the study design, data
collection, analysis, interpretation, or writing of the
report. The Deutsche Forschungsgemeinschaft
(DFG) supported the study for follow-up from year
5 through 10 (DFG project: ER 155/6-1 and ER
155/6-2). The HNR study was followed by an
international advisory board selected by the
German Ministry of Science and Technology
according to German standards of research.
For the Multi-Ethnic Study of Atherosclerosis,
this research was supported by contracts
HHSN268201500003I, N01 HC 95159, N01 HC
95160, N01 HC 95161, N01 HC 95162, N01 HC
95163, N01 HC 95164, N01 HC 95165, N01 HC
95166, N01 HC 95169 from the NHLBI and by grant
UL1-TR-000040 from National Center for Research
Resources. The Rotterdam Study is funded by
Erasmus MC and Erasmus University, Rotterdam,
the Netherlands; the NWO; the Netherlands
Organisation for the Health Research and
Development; the Research Institute for Diseases in
the Elderly; the Ministry of Education, Culture, and
Science; the Ministry for Health, Welfare, and
Sports; the European Commission; and the
Municipality of Rotterdam. This work was also
supported by Veni grant 91616079 from the NWO
(Dr Kavousi).

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
preparation, review, or approval of the manuscript;
and decision to submit the manuscript for
publication. As reported by the MESA study, some
of the NHLBI staff had input into the collection,
management, analysis, and interpretation of the
data and in final approval of the manuscript, as did
the co-authors. Other members of the NHLBI staff
were able to view the manuscript prior to
submission, but they did not participate in the
decision to submit the manuscript or approve it
prior to publication.

Disclaimer: The views expressed in this manuscript
are those of the authors and do not necessarily
represent the views of NHLBI; the NIH; or the
US Department of Health and Human Services.
Dr Greenland, JAMA senior editor, was not
involved in the evaluation of or decision to publish
this article.

Additional Contributions: We thank the other
investigators, the staff, and the participants of the
MESA study for their valuable contributions. A full
list of participating MESA investigators and
institutions can be found at https://www.mesa-
nhlbi.org/. The NHLBI participated in the design
and conduct of MESA. The Heinz Nixdorf Recall
study investigators thank the Heinz Nixdorf
Foundation for its generous support
of this study.

Utility of Coronary Artery Calcification to Assess CVD in Low-Risk Women Original Investigation Research

jama.com (Reprinted) JAMA November 22/29, 2016 Volume 316, Number 20 2133

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a University of California - Los Angeles User  on 11/25/2016

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2016.17020&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2016.17020
https://www.mesa-nhlbi.org/
https://www.mesa-nhlbi.org/
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2016.17020


Copyright 2016 American Medical Association. All rights reserved.

REFERENCES

1. Mosca L, Benjamin EJ, Berra K, et al.
Effectiveness-based guidelines for the prevention
of cardiovascular disease in women—2011 update:
a guideline from the American Heart Association.
Circulation. 2011;123(11):1243-1262.

2. Mozaffarian D, Benjamin EJ, Go AS, et al; Writing
Group Members; American Heart Association
Statistics Committee; Stroke Statistics
Subcommittee. Heart disease and stroke
statistics—2016 update: a report from the American
Heart Association. Circulation. 2016;133(4):e38-e360.

3. Nichols M, Townsend N, Scarborough P, et al.
European Cardiovascular Disease Statistics 2012.
Brussels, Belgium: European Heart Network and
European Society of Cardiology; 2012.

4. Mosca L, Barrett-Connor E, Wenger NK.
Sex/gender differences in cardiovascular disease
prevention: what a difference a decade makes.
Circulation. 2011;124(19):2145-2154.

5. Rose G. Sick individuals and sick populations. Int
J Epidemiol. 2001;30(3):427-432.

6. Stone NJ, Robinson JG, Lichtenstein AH, et al;
American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. 2013
ACC/AHA guideline on the treatment of blood
cholesterol to reduce atherosclerotic cardiovascular
risk in adults: a report of the American College of
Cardiology/American Heart Association Task Force
on Practice Guidelines. Circulation. 2014;129(25)
(suppl 2):S1-S45.

7. 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(13):
1336-1345.

8. Raggi P, Gongora MC, Gopal A, Callister TQ,
Budoff M, Shaw LJ. Coronary artery calcium to
predict all-cause mortality in elderly men and
women. J Am Coll Cardiol. 2008;52(1):17-23.

9. Lakoski SG, Greenland P, Wong ND, et al.
Coronary artery calcium scores and risk for
cardiovascular events in women classified as
“low risk” based on Framingham risk score: the
multi-ethnic study of atherosclerosis (MESA). Arch
Intern Med. 2007;167(22):2437-2442.

10. Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults.
Executive Summary of the Third Report of the
National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III). JAMA. 2001;285(19):
2486-2497.

11. Victor RG, Haley RW, Willett DL, et al; Dallas
Heart Study Investigators. The Dallas Heart Study:
a population-based probability sample for the

multidisciplinary study of ethnic differences in
cardiovascular health. Am J Cardiol. 2004;93(12):
1473-1480.

12. Feinleib M, Kannel WB, Garrison RJ, McNamara
PM, Castelli WP. The Framingham Offspring Study:
design and preliminary data. Prev Med. 1975;4(4):
518-525.

13. Splansky GL, Corey D, Yang Q, et al. The third
generation cohort of the National Heart, Lung, and
Blood Institute's Framingham Heart Study: design,
recruitment, and initial examination. Am J Epidemiol.
2007;165(11):1328-1335.

14. Bild DE, Bluemke DA, Burke GL, et al.
Multi-Ethnic Study of Atherosclerosis: objectives
and design. Am J Epidemiol. 2002;156(9):871-881.

15. Stang A, Moebus S, Dragano N, et al; Heinz
Nixdorf Recall Study Investigation Group. Baseline
recruitment and analyses of nonresponse of the
Heinz Nixdorf Recall Study: identifiability of phone
numbers as the major determinant of response. Eur
J Epidemiol. 2005;20(6):489-496.

16. Hofman A, Brusselle GG, Darwish Murad S,
et al. The Rotterdam Study: 2016 objectives and
design update. Eur J Epidemiol. 2015;30(8):661-708.

17. Agatston AS, Janowitz WR, Hildner FJ, Zusmer
NR, Viamonte M Jr, Detrano R. Quantification of
coronary artery calcium using ultrafast computed
tomography. J Am Coll Cardiol. 1990;15(4):827-832.

18. Goff DC Jr, Lloyd-Jones DM, Bennett G, et al;
American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. 2013
ACC/AHA guideline on the assessment of
cardiovascular risk: a report of the American
College of Cardiology/American Heart Association
Task Force on Practice Guidelines [published
correction appears in: Circulation.
2014;129(25)(suppl 2):S74-S75]. Circulation. 2014;
129(25)(suppl 2):S49-S73.

19. Naghavi M, Falk E, Hecht HS, et al; SHAPE
Task Force. From vulnerable plaque to vulnerable
patient—part III: executive summary of the
Screening for Heart Attack Prevention and
Education (SHAPE) Task Force report. Am J Cardiol.
2006;98(2A):2H-15H.

20. Greenland P, LaBree L, Azen SP, Doherty TM,
Detrano RC. Coronary artery calcium score
combined with Framingham score for risk
prediction in asymptomatic individuals. JAMA.
2004;291(2):210-215.

21. Pencina MJ, D’Agostino RB, Pencina KM,
Janssens AC, Greenland P. Interpreting incremental
value of markers added to risk prediction models.
Am J Epidemiol. 2012;176(6):473-481.

22. Higgins JPT, Thompson SG, Deeks JJ, Altman
DG. Measuring inconsistency in meta-analyses. BMJ.
2003;327(7414):557-560.

23. Wilson PW, D’Agostino RB, Levy D, Belanger
AM, Silbershatz H, Kannel WB. Prediction of
coronary heart disease using risk factor categories.
Circulation. 1998;97(18):1837-1847.

24. Kavousi M, Elias-Smale S, Rutten JH, et al.
Evaluation of newer risk markers for coronary heart
disease risk classification: a cohort study. Ann Intern
Med. 2012;156(6):438-444.

25. Polonsky TS, McClelland RL, Jorgensen NW,
et al. Coronary artery calcium score and risk
classification for coronary heart disease prediction.
JAMA. 2010;303(16):1610-1616.

26. Paixao AR, Ayers CR, El Sabbagh A, et al.
Coronary artery calcium improves risk classification
in younger populations. JACC Cardiovasc Imaging.
2015;8(11):1285-1293.

27. Den Ruijter HM, Peters SA, Anderson TJ, et al.
Common carotid intima-media thickness
measurements in cardiovascular risk prediction:
a meta-analysis. JAMA. 2012;308(8):796-803.

28. Yeboah J, McClelland RL, Polonsky TS, et al.
Comparison of novel risk markers for improvement
in cardiovascular risk assessment in
intermediate-risk individuals. JAMA. 2012;308(8):
788-795.

29. Galper BZ, Wang YC, Einstein AJ. Strategies for
primary prevention of coronary heart disease based
on risk stratification by the ACC/AHA lipid
guidelines, ATP III guidelines, coronary calcium
scoring, and c-reactive protein, and a global treat-all
strategy: a comparative-effectiveness modeling
study. PLoS One. 2015;10(9):e0138092.

30. Pandya A, Sy S, Cho S, Weinstein MC,
Gaziano TA. Cost-effectiveness of 10-year risk
thresholds for initiation of statin therapy for
primary prevention of cardiovascular disease. JAMA.
2015;314(2):142-150.

31. Rozanski A, Gransar H, Shaw LJ, et al. Impact of
coronary artery calcium scanning on coronary risk
factors and downstream testing the EISNER (Early
Identification of Subclinical Atherosclerosis by
Noninvasive Imaging Research) prospective
randomized trial. J Am Coll Cardiol. 2011;57(15):
1622-1632.

32. Kalia NK, Miller LG, Nasir K, Blumenthal RS,
Agrawal N, Budoff MJ. Visualizing coronary calcium
is associated with improvements in adherence to
statin therapy. Atherosclerosis. 2006;185(2):394-399.

33. Taylor AJ, Bindeman J, Feuerstein I, et al.
Community-based provision of statin and aspirin
after the detection of coronary artery calcium
within a community-based screening cohort. J Am
Coll Cardiol. 2008;51(14):1337-1341.

Research Original Investigation Utility of Coronary Artery Calcification to Assess CVD in Low-Risk Women

2134 JAMA November 22/29, 2016 Volume 316, Number 20 (Reprinted) jama.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a University of California - Los Angeles User  on 11/25/2016

https://www.ncbi.nlm.nih.gov/pubmed/21325087
https://www.ncbi.nlm.nih.gov/pubmed/26673558
https://www.ncbi.nlm.nih.gov/pubmed/22064958
https://www.ncbi.nlm.nih.gov/pubmed/11416056
https://www.ncbi.nlm.nih.gov/pubmed/11416056
https://www.ncbi.nlm.nih.gov/pubmed/24222016
https://www.ncbi.nlm.nih.gov/pubmed/24222016
https://www.ncbi.nlm.nih.gov/pubmed/18367736
https://www.ncbi.nlm.nih.gov/pubmed/18367736
https://www.ncbi.nlm.nih.gov/pubmed/18582630
https://www.ncbi.nlm.nih.gov/pubmed/18071165
https://www.ncbi.nlm.nih.gov/pubmed/18071165
https://www.ncbi.nlm.nih.gov/pubmed/11368702
https://www.ncbi.nlm.nih.gov/pubmed/11368702
https://www.ncbi.nlm.nih.gov/pubmed/15194016
https://www.ncbi.nlm.nih.gov/pubmed/15194016
https://www.ncbi.nlm.nih.gov/pubmed/1208363
https://www.ncbi.nlm.nih.gov/pubmed/1208363
https://www.ncbi.nlm.nih.gov/pubmed/17372189
https://www.ncbi.nlm.nih.gov/pubmed/17372189
https://www.ncbi.nlm.nih.gov/pubmed/12397006
https://www.ncbi.nlm.nih.gov/pubmed/16121757
https://www.ncbi.nlm.nih.gov/pubmed/16121757
https://www.ncbi.nlm.nih.gov/pubmed/26386597
https://www.ncbi.nlm.nih.gov/pubmed/2407762
https://www.ncbi.nlm.nih.gov/pubmed/24222018
https://www.ncbi.nlm.nih.gov/pubmed/24222018
https://www.ncbi.nlm.nih.gov/pubmed/16843744
https://www.ncbi.nlm.nih.gov/pubmed/16843744
https://www.ncbi.nlm.nih.gov/pubmed/14722147
https://www.ncbi.nlm.nih.gov/pubmed/14722147
https://www.ncbi.nlm.nih.gov/pubmed/22875755
https://www.ncbi.nlm.nih.gov/pubmed/12958120
https://www.ncbi.nlm.nih.gov/pubmed/12958120
https://www.ncbi.nlm.nih.gov/pubmed/9603539
https://www.ncbi.nlm.nih.gov/pubmed/22431676
https://www.ncbi.nlm.nih.gov/pubmed/22431676
https://www.ncbi.nlm.nih.gov/pubmed/20424251
https://www.ncbi.nlm.nih.gov/pubmed/26476504
https://www.ncbi.nlm.nih.gov/pubmed/26476504
https://www.ncbi.nlm.nih.gov/pubmed/22910757
https://www.ncbi.nlm.nih.gov/pubmed/22910756
https://www.ncbi.nlm.nih.gov/pubmed/22910756
https://www.ncbi.nlm.nih.gov/pubmed/26422204
https://www.ncbi.nlm.nih.gov/pubmed/26172894
https://www.ncbi.nlm.nih.gov/pubmed/26172894
https://www.ncbi.nlm.nih.gov/pubmed/21439754
https://www.ncbi.nlm.nih.gov/pubmed/21439754
https://www.ncbi.nlm.nih.gov/pubmed/16051253
https://www.ncbi.nlm.nih.gov/pubmed/18387433
https://www.ncbi.nlm.nih.gov/pubmed/18387433
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2016.17020



