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Abstract

Background—Accurate risk assessment of atherosclerotic cardiovascular disease (ASCVD) is
essential to effectively balance the risks and benefits of therapy for primary prevention.
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Objective—To compare the calibration and discrimination of the new American Heart
Association (AHA) and American College of Cardiology (ACC) ASCVD risk score with
alternative risk scores and to explore preventive therapy as a cause of the reported risk
overestimation using the AHA-ACC-ASCVD score.

Design—~Prospective epidemiologic study of ASCVD.

Setting—MESA (Multi-Ethnic Study of Atherosclerosis), a community-based, sex-balanced,
multiethnic cohort.

Patients—4227 MESA participants aged 50 to 74 years and without diabetes at baseline.

Measurements—Observed and expected events for the AHA-ACC-ASCVD score were
compared with 4 commonly used risk scores—and their respective end points—in MESA after a
10.2-year follow-up.

Results—The new AHA-ACC-ASCVD and 3 older Framingham-based risk scores
overestimated cardiovascular events by 37% to 154% in men and 8% to 67% in women.
Overestimation was noted throughout the continuum of risk. In contrast, the Reynolds Risk Score
overestimated risk by 9% in men but underestimated risk by 21% in women. Aspirin, lipid-
lowering or antihypertensive therapy, and interim revascularization did not explain the
overestimation.

Limitation—Comparability of MESA with target populations for primary prevention and
possibility of missed events in MESA.

Conclusion—Of the 5 risk scores, 4, including the new AHA-ACC-ASCVD score, showed
overestimation of risk (25% to 115%) in a modern, multiethnic cohort without baseline clinical
ASCVD. If validated, overestimation of ASCVD risk may have substantial implications for
individual patients and the health care system.

Primary Funding Source—National Heart, Lung, and Blood Institute.

For more than a decade, national guidelines have recommended the use of an objective tool
to assess risk for coronary heart disease (CHD) based on the Framingham risk score (FRS)
to guide therapy for primary prevention (1-4). The original Framingham risk prediction
algorithm to predict CHD (known as FRS-CHD) incorporated age; sex; diabetes; systolic
and diastolic blood pressures; levels of total, low-density lipoprotein, and high-density
lipoprotein cholesterol; and smoking to estimate a 10-year risk for angina, myocardial
infarction, or death due to CHD (4). In 2001, the Third Report of the Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel I11 [ATPIII]) recommended a modified FRS (ATPIII-FRS-CHD) and set thresholds
and goals for lipid-lowering therapy based on the 10-year CHD risk (5).

The applicability of Framingham-based algorithms to modern populations has been
questioned (6-10). Framingham-based scores are based on a homogeneous, geographically
limited, white male—-dominated cohort from a prior generation when cardiovascular risk
profiles and preventive pharmacotherapy were both less well-developed and used than in
modern cohorts. Multiple studies in diverse populations suggest that Framingham-based
risk-scoring systems may misclassify risk, particularly in women, and overestimate CHD
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risk (6, 7, 9, 11). In response, the Reynolds Risk Score (RRS) was developed in 2007 and
included parental history of premature CHD and high-sensitivity C-reactive protein (12). To
address concerns that the original Framingham-based scores ignored other increasingly
common atherosclerotic cardiovascular disease (ASCVD) events, such as stroke, an FRS for
the prediction of CVD (FRS-CVD) was developed in 2008 (11).

Most recently, the American Heart Association (AHA) and the American College of
Cardiology (ACC) developed a new ASCVD risk score to guide ASCVD risk-reducing
therapy (13). This new risk score was derived from 4 racially and geographically diverse
prospective cohort studies (independent from MESA [Multi-Ethnic Study of
Atherosclerosis]), including “applicable data” from the Framingham Original and Offspring
Study cohorts (13-16). This new risk score uses the same traditional risk factors as the
original FRSs and offers separate equations for white and African American men and
women (Appendix Table 1, available at www.annals.org).

Both the guideline writing committee and several investigator groups found that the AHA-
ACC-ASCVD risk score developed in 2013 overestimated risk in independent cohorts (10,
13, 17, 18). Overestimation is of particular clinical relevance at the 10-year predicted risk
threshold of 7.5% given recent guideline recommendations encouraging pharmacotherapy
treatment above this risk level (19). We sought to compare the calibration and
discrimination of these risk scores in an age-, sex-, and race-balanced, modern multiethnic
population without clinical ASCVD at enrollment. We also sought to understand whether
the use of preventive therapies (aspirin, lipid-lowering or antihypertensive therapy, and
interim revascularization), common to modern cohorts, was responsible for risk score
overestimation. Such information might be useful in helping to guide implementation policy
and future risk score and guideline development.

Methods

MESA is a multicenter prospective community-based epidemiologic study of cardiovascular
disease in an age- and sex-balanced, multiethnic cohort. The study design and methods have
been previously published (20). In brief, 6814 participants aged 45 to 84 years who
identified themselves as white, African American, Hispanic, or Chinese were recruited from
6 U.S. communities in 2000 to 2002. Participants were free of clinical CVD at enrollment.
Medical history, anthropometric measurements, and laboratory data were assessed as
previously described (20). Parental history of CHD was considered positive at the baseline
visit if either parent had experienced a heart attack. Sensitivity analysis was done using the
RRS definition of premature parental history of CHD (mother or father aged <60 years with
myocardial infarction) on the subsample reporting detailed family history data at the second
MESA visit (92% of participants).

Follow-up and Event Adjudication

New CHD and CVD events were recorded over a median 10.2-year follow-up. Participants
were interviewed by telephone every 9 to 12 months to identify interim hospital admissions,
outpatient diagnoses of CHD or CVD, and deaths. To verify self-reported diagnoses, copies
of medical records for all hospitalizations and outpatient CHD and CVD diagnoses as well
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as death certificates were requested. Two physician members of the MESA mortality and
morbidity review committee independently classified events; the full committee made the
final classification for disagreements. Events consisted of myocardial infarction; definite or
probable angina; resuscitated cardiac arrest; stroke (not transient ischemic attack); or death
due to CHD, stroke, atherosclerosis, or other CVD. A detailed description of the MESA
method is available at www.mesa-nhlbi.org.

In an attempt to identify any ASCVD events missed by the MESA study, we examined, at
any point during follow-up, all 3175 MESA participants included in the Part A hospital
claims within the Centers for Medicare & Medicaid Services (CMS) billing database for
cases not adjudicated by MESA.

Risk Score Calculations

Five risk prediction scores were calculated from the baseline MESA data (2000 to 2002):
FRS-CHD, FRS-CVD, ATPIII-FRS-CHD, RRS, and AHA-ACC-ASCVD. The study
population was limited to participants aged 50 to 74 years to meet the target population for
each score (Appendix Table 1). Because the ATPIII-FRS-CHD and RRS for men were not
developed for risk calculation among people with diabetes, MESA participants with diabetes
at the baseline examination (12%) were excluded from these analyses. Additional exclusion
of participants with missing data required for risk score calculation (2.7%) resulted in a final
sample size of 4227.

Risk scores were calculated with the equation-based method (21) for each model (4, 5, 11—
13, 22). Sensitivity analysis was performed with the original FRS definition of diabetes for
all risk scores including this variable. The RRS for women includes hemoglobin A

(HbA 1) level as a continuous variable for women with diabetes only. Because HbA level
was not available until the second MESA visit, fasting glucose level from the first visit was
used to calculate an HbA ¢ value with the following formula: fasting glucose level = (28.7 x
HbA ¢ level) — 46.7 (23, 24). This formula was evaluated for accuracy in our cohort by
calculating HbA . levels from fasting glucose levels at the second visit and was found to
correlate well with measured HbA . levels at this time point (r = 0.80).

Predicted and Observed Number of Events

For each risk score, we reported the number of expected events and the number of observed
events specific to the target end point of that score (Appendix Table 1). Events were
censored at 10-year follow-up. For each participant with fewer than 10 years of follow-up,
including those who died, we lowered their 10-year risk estimate to correspond to their
length of follow-up using an exponential survival function to scale the risk score. If Fr10
denotes the 10-year proportion with events according to an FRS, then the 1-year proportion
is: FR1 = -In(1 - Fr10)/10. So, for a person with 8.5 years of follow-up: FR8.5=1 -
exp(-FR1 x 8.5). Median follow-up in MESA was 10.2 years; 2692 (62%) and 3766 (89%)
participants had 10 and 9 or more years of follow-up, respectively.

Hosmer—-Lemeshow plots were examined separately for men and women to evaluate how
well each model fit the observed CVD events. Further, Hosmer—Lemeshow tests for
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goodness of fit ranked participants according to their predicted probability of having an
event and divided them into 10 groups, each of which was represented by a dot on the
calibration plots. An overall chi-square statistic was calculated separately for men and
women for each score and outcome.

The cumulative effect of multiple treatments was evaluated by doing a sensitivity analysis
that included regular aspirin use, lipid-lowering or antihypertensive medication use, and any
coronary revascularization. In an effort to study revascularizations that may have prevented
subsequent events, all revascularizations more than 2 days before an event or
revascularizations not followed by any event were selected for modeling.

Discrimination

The discriminative capability of each risk score was compared separately for men and
women using the c-statistic (25). The discrimination slope was also calculated as the
absolute difference in the average predictions for those with and without the outcome.

Role of the Funding Source

Results

The National Heart, Lung, and Blood Institute had no role in the design, conduct, analysis,
or reporting of this study.

Baseline characteristics are described in Table 1. Participants” mean age was 61.5 years, and
53.5% were women. Approximately 42% were white, 26% were African American, 20%
were Hispanic, and 12% were Chinese. Aspirin use, lipid-lowering or antihypertensive
therapy at baseline or any time during study follow-up, and revascularizations before an
event are shown in Appendix Tables 2 and 3 (available at www.annals.org). Statins were the
drugs used for 92.5% to 94% of participants receiving lipid-lowering therapy (Appendix
Table 2).

The FRS-CHD, FRS-CVD, ATPIII-FRS-CHD, and AHA-ACC-ASCVD overestimated risk
for the cardiovascular end points they were designed to predict by 53%, 37%, 154%, and
86%, respectively, in men and 48%, 8%, 46%, and 67%, respectively, in women (Table 2).
The overall discordance between observed and predicted cardiovascular events was lowest
for the RRS (-3%).

Discordance between observed and expected risk was found throughout the risk continuum,
including those at moderate risk (Figures 1 and 2 and Tables 3 and 4). This is evident in the
Hosmer—Lemeshow calibration plots, with a predominance of overestimation in men and
women by all of the risk scores except the RRS, which showed a predominance of
underestimation in women, and the FRS-CVD, which revealed little discordance in women
(Figure 2 and Table 4). Participants with an AHA-ACC-ASCVD risk score greater than
7.5% are of particular relevance to the 2013 ACC-AHA Guideline on the Treatment of
Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults. In men with an
AHA-ACC-ASCVD risk score of 7.5% to 10%, the actual event rate was only 3% (Table 3).
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Among women with an AHA-ACC-ASCVD risk score of 7.5% to 10%, the actual event rate
was only 5.1% (Table 4).

An evaluation of discrimination (how well each model discriminated between a participant
having or not having an event) revealed little difference between the performance of the risk
scores in men (c-statistic, 0.69 to 0.71; discrimination slope, 0.05 to 0.09). Among women,
the c-statistic and discrimination slope varied little among the FRS-CVD, ATPIII-FRS-
CHD, RRS, and AHA-ACC-ASCVD risk scores (c-statistic, 0.67 to 0.72; discrimination
slope, 0.02 to 0.05) but were lower (less able to discriminate if a participant was to have or
not have an event) for the FRS-CHD risk score (c-statistic, 0.60; discrimination slope, 0.01)
(Table 2 and Appendix Figure [available at www.annals.org]).

The effect of medication use at baseline and follow-up and interim revascularizations on the
discordance between the observed and expected event rate was evaluated in a sensitivity
analysis restricted to men and women who did not receive any preventive therapy (aspirin
use, lipid-lowering or antihypertensive medication use, and any coronary revascularization)
as assessed at baseline and all 5 follow-up visits. Limiting our evaluation to untreated
participants (aspirin or lipid-lowering or antihypertensive medication use at baseline or at
any of the 5 follow-up visits or coronary revascularization) resulted in greater risk
overestimation for all risk scores examined (Table 5). An analysis that censored participants
at the time of cholesterol-lowering medication use or revascularization also showed greater
overestimation by the AHA-ACC-ASCVD risk score (Appendix Table 4, available at
www.annals.org). A sensitivity analysis using the RRS definition of premature parental
history of CHD resulted in a change from a 9% overestimation to a 5% underestimation of
risk via the RRS in men and greater underestimation (from —21% to —27%) via the RRS
among women. The ability of the RRS to discriminate between those who did and did not
have events (c-statistics) remained unchanged for men but worsened for women (c-statistic
increased from 0.72 to 0.70) when the RRS definition of premature parental history of CHD
was used (Appendix Table 5, www.annals.org). Analyses using the calculated HbA level
and including participants with diabetes produced only modest changes in our results
(Appendix Table 6, www.annals.org).

A sensitivity analysis of the 3175 MESA participants in the CMS database found 16
ASCVD events not identified as 1 of the 160 MESA-adjudicated ASCVD events (9%).
Restricting the analysis to participants included in the CMS database, and including the
potential 9% increase in ASCVD events suggested by CMS linkage, we observed greater
overestimation by the AHA-ACC-ASCVD risk score for the total cohort, men, and women
(Appendix Table 7, available at www.annals.org) and for all risk categories (Appendix
Table 8, available at www.annals.org) than in our primary analysis. Of the 16 potential (not
adjudicated) missed events identified in the CMS billing database, 12 occurred in MESA
participants with an AHA-ACC-ASCVD risk score greater than 7.5%.

Discussion

This comparative analysis done in a well-characterized; age-, sex- and race-balanced,;
community-based; multiethnic cohort showed that 3 commonly used cardiovascular risk
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scores (FRS-CHD, FRS-CVD, and ATPIII-FRS-CHD) and the newly recommended risk
score (AHA-ACC-ASCVD) all overestimate the risk for their intended outcome in men by
37% to 154%. The RRS had the best calibration for men with only 9% overestimation. The
FRS-CHD, ATPIII-FRS-CHD, and AHA-ACC-ASCVD risk scores also overestimated risk
by 46% to 67% in women. The FRS-CVD had the best calibration among women with 8%
overestimation, whereas the RRS underestimated risk among women by 21%.
Overestimation predominated and was noted throughout the continuum of risk for these
tools, including the intermediate risk groups in which treatment decisions balancing
therapeutic risk and benefit are more challenging.

A recent study by Muntner and colleagues (18) evaluated a 5-year version of the 10-year
AHA-ACC-ASCVD risk score in the REGARDS (REasons for Geographic and Racial
Differences in Stroke) cohort at 5-year follow-up. Consistent with our finding, the authors
found overestimation of risk and similar discrimination with the AHA-ACC-ASCVD risk
score in the REGARDS participants aged 45 to 79 years without a history of CHD, stroke,
heart failure (identified exclusively by use of digoxin), or atrial fibrillation at baseline. They
found less overestimation in a post hoc subgroup of “clinically relevant” participants and in
participants older than 65 years when using a combination of adjudicated and
nonadjudicated events identified in the CMS billing database. Limitations of this study
include the possible decreased specificity of events identified in CMS without further
adjudication and follow-up limited to 5 years to evaluate a 10-year risk score. A recent
evaluation of the AHA-ACC-ASCVD, the ATPIII-FRS-CHD, and the European Society of
Cardiology risk scores in the Rotterdam study cohort found event overestimation similar to
that noted in our study (17). A prior analysis by Cook and colleagues compared CVD risk
scores using a multiethnic prospective cohort of more than 90 000 postmenopausal women.
Consistent with our study, this study showed overestimation of risk with both the ATPIII-
FRS-CHD and FRS-CVD but not the RRS (8). However, in both the Rotterdam and Cook
and colleagues’ studies, evaluations were done in cohorts with limited diversity and did not
account for the differences in end points for which each of the risk scores was designed. Our
study compares the different risk calculators with their designed end points for each score in
a sex-balanced, multiethnic, middle-aged modern cohort.

Estimation of absolute cardiovascular risk is at the core of national guidelines for the
appropriate use of cholesterol-lowering medication and aspirin in the primary care setting
(19, 26). Although overestimation of risk with the AHA-ACC-ASCVD risk score was
acknowledged in the new risk assessment guidelines and confirmed by others (10, 13, 17,
18), our analysis further shows a lack of superior calibration or discrimination compared
with older risk scores.

We noted several potential reasons for the systematic overestimation when applying these
risk scores to the MESA cohort: changing significance of risk factors between older and
modern cohorts, more effective therapy for preventing cardiovascular events despite
persistence of risk factors, healthy cohort effect (selection bias at cohort enrollment), and
incomplete capture of cardiovascular events.
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The first 3 explanations may be summarized by the potentially problematic use of cohorts
developed decades ago to derive risk scores designed to be used at the present time. Even
the newest risk score, the AHA-ACC-ASCVD score, was developed from cohorts that are
decades old (13-16, 27).

Changing significance of risk factors between older cohorts that were used to develop these
risk scores and the more modern MESA cohort may explain the poor estimation of effect of
individual risk factors included in the risk scores. For example, smoking is dichotomized as
a “yes” or “no” variable in all risk score models evaluated in this study. However, dose (or
number) of cigarettes smoked and content of cigarettes have both changed substantially over
time (28, 29). Unmeasured risk factors that have changed over time, such as salt and trans
fat intakes, secondhand smoke exposure, and environmental pollution, may also explain
some of the residual overestimation not accounted for in our models.

Although 4 of the evaluated risk scores overestimated absolute risk in women, our analysis
indicates that women were associated with less overestimation than men in these models.

Risk score overestimation has been hypothesized to be a reflection of modern cardiovascular
disease therapy (aspirin, lipid-lowering or antihypertensive medication, and
revascularization) resulting in reduction of incident CVD events (30). Modern therapy may
directly reduce CVD events and may also change the quantitative relationship between risk
factors and CVD outcomes. In our study, however, these therapies—assessed at the time of
risk score calculation and at any of the 5 MESA follow-up visits—were not associated with
risk score overestimation in MESA. In fact, overestimation was greater in our analysis
limited to participants who were not treated with any of these preventive therapies. This
finding may be because participants not treated with these methods have healthy
characteristics not captured by the risk scores or, in the case of lipid-lowering therapy at
baseline, the effect of the medication is accounted for by the cholesterol variables in the
prediction models.

The MESA participants did not have known CVD at baseline. Participants who enroll in
research studies may be more health-conscious and have better general health practices than
those who do not. In this way, MESA may not be an accurate representation of the general
population. This limitation is shared by all of the studies used to derive risk score models
and is not unique to MESA. The RRS underestimated risk by only 3% in our cohort.
Likewise, in a modern study of randomly selected adult participants enrolled between 2000
and 2003 from the metropolitan Ruhr area in Germany, the FRS overestimated risk by more
than 2-fold in the 93% of participants without known coronary artery disease at baseline
(31). Further, this new risk score displayed worse calibration (up to 38% overestimation)
and discrimination in the “contemporary” years of follow-up of the pooled derivation cohort
than the earlier years of follow-up (13). In sum, this suggests that a unique healthy cohort
effect in MESA is unlikely to be solely responsible for risk overestimation.

Epidemiologic methods for ascertainment of clinical events seem to be similar in MESA
with those of the studies used to derive all of the risk scores, except for 2 of the 4 cohorts
used to derive the AHA-ACC-ASCVD risk score (8, 11, 15, 16, 27, 32). These 2 cohorts
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included additional surveillance of ASCVD events (16, 33). MESA was successful in
obtaining medical records for approximately 98% of reported hospitalized CHD and CVD
events and information on 95% of reported outpatient cardiovascular diagnostic encounters.
Follow-up telephone interviews were completed with 92% of living participants. To further
explore the possibility of missed events, we analyzed CMS data. Our analysis suggests that
no more than 9% of myocardial infarctions and strokes could have been missed among the
MESA participants in our analytic sample. This is a high-end estimate; some of the CMS
events are false-positive because of the nature of billing data. Sensitivity analysis using
CMS-identified events did not significantly curtail AHA-ACC-ASCVD risk score
overestimation in MESA.

Accurate cardiac risk estimation is essential to balancing the risks and benefits of preventive
therapies. For example, current cholesterol management guidelines recommend
consideration of statin therapy for participants with an AHA-ACC-ASCVD risk calculation
of 7.5% or more over 10 years (19). Overestimation of risk would likely result in increased
use of preventive medications, potentially exposing some patients to the unnecessary risks of
these drugs. In particular, aspirin use in primary prevention is known to be a delicate balance
between cardiovascular risk reduction and increased incidence of bleeding. Overestimation
of cardiovascular risk may result in aspirin treatment of low-risk participants who are more
likely to be harmed from bleeding than to benefit from a reduction in CVD. Underestimation
of risk, which was seen in women with the RRS, would be expected to result in
undertreatment with appropriate therapies and more preventable CVD events.

In addition to patient safety, overestimation of risk has implications for public health
planning with accompanying financial ramifications for a heavily burdened health care
system. Statins, for example, although clearly cost-effective in secondary prevention or
high-risk primary prevention patients, become less cost-effective as primary prevention for
low-risk patients (34, 35). Overestimation of risk could result in more health care dollars
spent, less health gain, and exposure to drug side effects.

The RRS for men and the ATPIII-FRS-CHD risk score were not developed for risk
calculation among people with diabetes, so the exclusion of these participants may have
limited the effectiveness of the non-RRS and non—-ATPIII-FRS-CHD risk scores that
included diabetes in their risk score calculation. Sensitivity analysis showed that inclusion of
diabetes had inconsistent effect on risk prediction, which resulted in no change in our overall
study conclusions.

Our results indicate that 4 of the 5 risk estimation algorithms, including the AHA-ACC-
ASCVD risk score, overestimate risk by 37% to 154% in men and 8% to 67% in women.
One risk score, the RRS, had superior calibration and equal discrimination compared with
the other scores evaluated, but it underestimated risk in women. Medication use and interim
revascularizations are not robust explanations of the overestimation.

Accurate estimation of absolute risk underpins the effort by the AHA and ACC to update the
prevention guidelines and is required to effectively balance therapeutic risk and benefit of an
intervention for an individual patient or entire population. Physicians treating patients
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similar to those in MESA may consider interpreting the absolute risk generated by the new
risk score with caution.
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Hosmer-Lemeshow chi-square statistic:

FRS-CHD: 44.75; P < 0.001
FRS-CVD: 40.55; P < 0.001
ATPIII-FRS-CHD: 96.02; P < 0.001
RRS: 16.61; P = 0.084
AHA-ACC-ASCVD: 62.80; P < 0.001

Risk score—specific predicted and observed events in men, by decile of calculated risk.
Hosmer—Lemeshow calibration plots for men (n = 1961). ACC = American College of
Cardiology; AHA = American Heart Association; ASCVD = atherosclerotic cardiovascular
disease; ATPIII = Adult Treatment Panel 111; CHD = coronary heart disease; CVD =
cardiovascular disease; FRS = Framingham risk score; RRS = Reynolds Risk Score.
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Observed Proportion

Risk score—specific predicted and observed events in women, by decile of calculated risk.
Hosmer—Lemeshow calibration plots for women (n = 2266). ACC = American College of
Cardiology; AHA = American Heart Association; ASCVD = atherosclerotic cardiovascular
disease; ATPIII = Adult Treatment Panel I11; CHD = coronary heart disease; CVD =
cardiovascular disease; FRS = Framingham risk score; RRS = Reynolds Risk Score.
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ACC = American College of Cardiology; AHA = American Heart Association; ASCVD =
atherosclerotic cardiovascular disease; ATPIII = Adult Treatment Panel I11; CHD =
coronary heart disease; CVD = cardiovascular disease; FRS = Framingham risk score; RRS
= Reynolds Risk Score. Left. Men (n = 1961). Right. Women (n = 2266).
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Variable Total (n=4227) Men (n=1961) Women (n = 2266)
Mean age (SD), y 61.5 (7.1) 61.5(7.2) 61.5 (7.1)
Ethnicity, n (%)

White 1771 (41.9) 844 (43.0) 927 (40.9)

Chinese 494 (11.7) 241 (12.3) 253 (11.2)

African American 1110 (26.3) 476 (24.3) 634 (28.0)

Hispanic 852 (20.2) 400 (20.4) 452 (19.9)
Mean total cholesterol level (SD)*

mmol/L 5.08 (0.91) 4.90 (0.88) 5.24 (0.91)

mg/dL 197 (35) 190 (34) 203 (35)
Mean HDL cholesterol level (SD)*

mmol/L 1.34 (0.39) 1.17 (0.30) 1.49 (0.41)

ma/dL 52 (15) 45 (12) 57 (16)
Mean systolic BP (SD), mm Hg 126 (21) 125 (19) 126 (22)
Smoking history, n (%)*

Never 2045 (48.4) 768 (39.2) 1277 (56.3)

Former 1624 (38.4) 918 (46.8) 706 (31.2)

Current 558 (13.2) 275 (14.0) 283 (12.5)
Mean BMI (SD), kg/m?2* 28.2(5.3) 27.8(4.3) 28.5(6.0)
Median hs-CRP level (IQR), nmol/L* 18.6 (8.2-40.9)  13.0 (6.6-28.6) 25.8 (11.0-54.9)
Parental history of heart attack, n (%)*

No 2680 (63.4) 1299 (66.2) 1381 (60.9)

Yes 1547 (36.6) 662 (33.8) 885 (39.1)
Mean calculated HbA level (proportion of total hemoglobin level) (SD) 4.8(0.4) 4.7 (0.4) 4.8(0.4)

BMI = body mass index; BP = blood pressure; HbA1¢ = hemoglobin A1¢; HDL = high-density lipoprotein; hs-CRP = high-sensitivity C-reactive

protein; IQR = interquartile range.

*
2-tailed t test for the difference between the means of men and women was significant at P < 0.01. The chi-square test was used for categorical

variables.

Ann Intern Med. Author manuscript; available in PMC 2015 August 17.



Page 18

DeFilippis et al.

500 0,0 /9 VLT (01'v) €6 (v8'9) T'ST JAAISY-O0V-VHY
500 AN LTT- (09°9) 221 (vv'v) §°00T ||S8d
200 190 9y 860 (1) sy (oTe) zoL gaHO-S¥-IlIdLY
500 0.0 8 69°0 (sz'8) L81 (¥6'8) 9202 $0AD-SHd
100 090 8¥ 0Tz (Lev) 66 (L7°9) G'ovT JAHO-Su4
(99¢z = u) uswom
900 TL0 98 9r's (2£79) GzT (¥8'TT) T'ZET J)AAOSV-00V-VHY
900 00 6 68°0 (66'6) 96T (68°0T) 5'€T2 [EEE
500 TL0  ¥ST 9,9 (6cv) 98 (sT'TT) 9°'8T2 §aHO-SHF-NIdLV
600 TL0 L€ 86y (teeT) 192 (62'8T) L'85€ $ANO-S¥4
500 690 €5 vy (9g'8) v91 (0821) T'152 1aHO-sHd
(T96T = u) UsN
900 100 8L 00 (91'9) 8TC (91'6) 7'28¢€ JAAISY-OOV-VHY
100 20 - 120- (v9'0) €2g (ev'2) 0v1E IREE
900 1,0 SIT 99°t (LT'9) veT (€8'9) 2'882 gaHO-SH-1lldLY
600 1.0 S 897 (09°0T) 8¥¥ (82°€T) €795 $AAD-SH4
500 890 1S 8T'e (cz9) €92 (17°6) 9'26€ JAaHO-su4

(Lgzy =u) a1

ado|S uoeUIWLIOSI  21ISITEIS-O

% '90uepI03sIq

80Ua.9)41Q 81Nj0sqY paubis

(%) U ‘syusng pantasqO

(%) U ‘s3uan3z paloIpaId

84008 Xsiy

Author Manuscript

¢ ?olgel

Author Manuscript

21003 ¥SIY yoe3 10} SIUSAT PaAIasqO pue paloipald

Author Manuscript

Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2015 August 17.



Page 19

DeFilippis et al.

AAD ‘aseasip Leay A1euosod = aHD ¢

“9X041S pue ‘QHD WOJy Yresap ‘uonalesul eipsedoAw are syuiod ﬂ:._m__.r

“uoIeZIIRINOSEAR) AJRU0I0D PUB ‘0J1S ‘GHD WOJ) Y1eap ‘UonaJelul [e1pseaoAw aie syutod pu3

*AHD WO} Yleap pue uonoJejul [eipsesoAw ate syuiod ucm_m

"2.n|1ey LAY pue ‘asessip JejnaseA jessydiiad Hoene o1wsyds! Jusisues ‘8xo.ls ‘eulbue ‘QHD Wo.s y1esp ‘uonasejul [eipsesokw ase siuiod ucm_H

“euIBue pue ‘QHD WOJL Yresp ‘uoinoeyul [e1psedoAw aie sjutod U:m:

"(00T x [aBe1Us2I8d paniasqo/{aheiusdiad paniasqo — abejuadlad parosdxa}]) :uolendfes soueplodsip abejusalad
*

"2100S YSIY SP|OUASY = SHY ‘8400s Msii WeyBulwelq = SH ‘9SeasIp Je|nISeAoIpIed =
aued 1UaLLIEaI L JNPY = [[1dLV 8SeasIp JejnoseAoIp.ed 211043]950JaYle = ADSY ‘UOIRIN0SSY LIBaH UBdLIBWY = YHY ‘ABojoipJed Jo 86310 uedlswy = DDV

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2015 August 17.



Page 20

DeFilippis et al.

000 z- 00 (ze) 11 (z€) Lot 8¢5 600
syy
G8'v6 ST 89 (r'v) 98 (T'T1) 9812 T96T [e10L
65'95 61T L'8 (epeL (6'5T) €'09T L00T 0012
Geee €65 gL ey (L8) 11z 81¢ 6'6-GL
68'6 vee er (619 (e9) v'61 60€ v'1-0'G
AR 0.2 4 (60) € e TTT Leg 6700
AHO-SY4-111d 1Y
96'9¢ L€ 0'S (eeT) 192 ('8T) L85 T96T [eroL
09'v¢ 43 €5 (991) 9vC (6'72) 0°'52€ e8rT 0°01=
G201 002 6'S (0€) L (6'8) 0’12 L€2 6'6-GL
060 4% 8T (Sv) L (€'9)6'6 95T v'.-0'G
12T 281 12 (T (ee) 8z a8 6700
AAD-SHd
16°9€ €5 vy (7'8) vo1 (821) T'1GC T96T [e1oL
8.1¢ 44 €5 (zer) get (921) 7561 1171 0°0T=
126 4 9Y T T (28) 662 eve 6'6-G'L
65Y 16 0¢ (e'e) o1 (e'9) T'6T v0€ v'.-0'G
92T €L 7T (02 v (7€) 6'9 €0¢ 6700
aHO-SH4

o1se1S a4enbs-1yD MoysaLs—IaWsoH

Y0 '9UBPI0SIA  a5ua131Q ANj0SqY paubis

(%) u ‘s;usng pantasqoO

(%) U ‘s1uan3 palolpaid

u ‘syuedidied 9 ‘84008 Msiy

Author Manuscript

U :saLioBale) ysiy 1ueAs|ay AjjealulfD ul 81093 Ysiy Yo J0J SIUSAT PaAIasqO pue palolpald

€9l|qel

Author Manuscript

Author Manuscript

Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2015 August 17.



Page 21

DeFilippis et al.

AAD ‘8sessip Meay A1euolod = dHD

(00T x [abeusalad paniasqo/{abeiuaiad paniasqo — abeuadiad pardadxa}]) :uorendfes aoueplodsip abejusdlad
*

"8100S YSIY SPJOUASY = SHY ‘8100S YSL WeyBullel4 = Sy ‘9SeasIp Je|nasenoIpIes =

aled 1UaLWIRaI] 1INPY = |11dLY ‘8Seasip JejnaseAoIpIed 211043]950JaYle = ADSY ‘UONRIN0SSY LeaH UrdLIBWY = WYHY ‘ABojoipie) Jo aba)j0D uedlswy = DOV

LT'65 98 §'§ (t9) GeT (81T) T'ZET T96T [e1oL
ze9e 0L [ (e'01) ¥OT (921) L9LT 900T 0°01=
95°0T 98T 9'G (0e)8 (L) gee €92 6652
Sv'L LyT L'g (s2) 8 (z'9) 16T LT v'.-0'G
6y 95T 1x4 (ems (re)ger Gle 6700
AADSV-00V-VHY
29T 6 60 (0'01) 96T (6'01) 5°€TC T96T [e1oL
10T 8 v'T (eL1) OVT (2'8T) T'T1GT 608 0°01=
85'T €¢e 12 (99) 81 (L'8) 6z v.2 6'6-GL
€00 14 20 (09) 1¢ (z9) 812 0S¢ v'.0'G

21181381 84enbg-1yD MOYSaL]—IaWsoH

%0 'B0UBPI0SIA  g5ua131Q AINj0SqY Paubis

(%) u ‘syuang pantasqO (%) U ‘Syusng paldlpald

u ‘syuedidiied 9 ‘84098 Msiy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2015 August 17.



Page 22

DeFilippis et al.

09'v1T ov- €1~ (e) 65 (T2 zee 80971 6700
R
626 T4 01T (T2) sy (re)zoL 9922 [eroL
8T 6 99 o9 (9€1) 2'TT 98 0°01=
12 /8 0¥ (91§ (98) €6 60T 6'6-G'L
v8'C LL 97 (¥e) 8 (09 vt Gez v'.-0'G
S0'T T2 €0 (91) 62 (61) 0'5E 9¢8T 6700
AHO-S¥4-111d 1Y
18T 8 L0 (e8) 81 (6'8) 9°20¢ 9922 [e0L
250 9 0T (ggT) STT (g91) €'zet ovL 0°01=
000 0 00 (98) 82 (98) 1’82 Gze 6'6-G'L
190 81T 60 (z'9) ¢ (T'9) €62 Ly v'.-0'G
89°0 0z S0 (92) 61 (ze)eze el 6'7-00
AAD-SHd
1202 8y T (r'v) 66 (59) 5'ovT 9922 [e1oL
86'6 €L 9'g (V3R (zer) g8y 99¢ 0'01=
8.9 o8 6'€ (Lv) ot (98) 562 eve 6652
€Te o L'T (r'v) 9¢ (T'9) £'9¢ 65 v'.-0'G
€€0 T €0 (0e) 62 (ee)zee €96 6700
aHO-SH4

913SI10IS AUBNDS-1YD MOUSIWAT-I3WSOH 5% 8OUBPI0OSIA  souauapiq aInjosqy paubls (%) U 'SYUBAT PaAIasqO (%) U 'SJUSAT padIpald U ‘sjuediditied 9 ‘9109S Msiy

USLIOAA :Sa110Ba1eD) YSIY 1ueAs|ay AJ[ealul]D Ul 8109S YSIY YoeT J0J SIUSAT PaAIasqO pue paloipald

v alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2015 August 17.



Page 23

DeFilippis et al.

‘(00T x [abeusalad paniasqo/{ahieiusdiad paniasqo — abejuadiad pardadxa}]) :uoiendfes aoueplodsip abejusdlad
*

"2100S YSIY SPIOUASY = SHY ‘8100 XS WweyBulwelq = S ‘9seasIp JeNISLAOIpIeD =
AAD ‘aseasip ueay A1euosod = aHD ‘111 [aUed Juswieal] NPy = |11d.LY ‘9SeasIp Je[ndseAIpIed 011013]0s0Jayle = QADSY ‘UOIRID0SSY LeaH uedllswy = HY ‘ABojoipied Jo a63[j0) ueouswy = DIV

GL'6¢C L9 Le (Tv) €6 (8'9) T'SST 99ze [e1oL
09°TC 98 €L (98) 9v (6'sT) 'S8 9gs 0°0T=
98¢ 1L 9°€ (Tg) et (L'8) 502 Gez 6'6-GL
G9'T 9€ 91T (sv) ot (To)gte gGe 7'.-0'S
¥9'C 44 L0 (21) 61 Wi orTT 600

AAOSV-OOV-VHV

12°6T T2- 21~ (99) LetT (¥'v) 5'00T 99z2 [e10L
81°0 9- 01- (8971) OF (8s1) 928 8ez 0'01=
€70 GT- GT- (Tot) 91 (2'8) et 85T 6'6-GL
000 0 00 (T9) ot (T9)o9t 29z 7'.-0'S

INSITEIS 24eNbS-1UD MOUSBWT—IaWsoH %6 BOUBPI0SIA  a5u0101q 8INj0SqY PAUBIS  (%%) U ‘SJUSAT PanIasqO  (96) U 'SJUSAT paldipald U ‘siuedionded 9 ‘21095 Msiy

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2015 August 17.



Page 24

DeFilippis et al.

(00T x [ebe1ualad paniasqo/{abejusdiad paniasqo — abejuaaliad paydadxa}]) :uoiended aduepioasip omﬂcmsw}

“uiod pua ay) Jo Lied Sem UOIEZIIBINISEAR] 3SNeda( SISA|BUR SIU) W) PAPN|IX3 SEM 3100S XSIY
spjouAay ay “uonezIIRINOSEAR] ATeU0l0d 9ARY 10U PIp pue SHSIA dn-Moj|04 G 8y} JO AUE 18 10 auljaseq Je UonedIpall aAisuatiadAynue 1o Butiamol-pidif Jo ulidse an190a1 Jou pip siuedionied payeali-1ansN
*

'81008 XS WweyBuiwel = S ‘9sessIp J2|NISLAOIpIeD =
AAD ‘esessip ueay A1euotod = aHD ‘|11 [aued Juswieal] NPy = |11d.LY ‘9SessIp Je[ndseAoIpled 911013]9s0Jayle = QADSY ‘UOIRID0SSY LeaH UedlsWy = VHY ‘ABojoipied Jo 863(100) ueduswy = DIV

700 190 43 65c (sL0)€ (ree) e€t AADSV-00V-VHY
10°0- LS50 0Ly 8TT (S520)T (ev'1) 'S AHO-SY-111dLY
700 280 vie e (927T) 6 (oLv) 28T Aano-sy4
10°0- 190 028 2ty (05°0) 2 (z9v) 81 AHO-SY4

(86€ = U) UBWIOM

900 9,0 18T 60 (182) 1T (06'2) 0'1E AADSV-00V-VHY
500 GL0 eve 855 (0£2)6 (88'2) 6'0€ AHO-SY-111dLY
L0'0 2L0 082 626 (cee)er (09°21) v'6v AAD-sy4
900 L0 162 ev'.  (52) 0T (66'6) T'6€ AHO-SY4
(¢6€ = u) uaN
90'0 6.0 912 ege (LTI (09°6) v AADSV-00V-VHY
L0°0 080 99z Lee (e or (€9'7) 9'9¢ AHO-SY-111dLY
800 LL0 82 ve'9  (82'2) 81 (z9'8) 1'89 AAD-SY4
L0°0 G0 6.€ 96 (st (8z'2) 5.8 AHO-SY4

(062 = u) e10L

ado|s uoneuiwLoslq  onsnels-o % BOUBPI0SIA  gouasayq aInjosqy PAUBIS  (9%) U ‘SJUSAT PaAISSqO  (9%) U ‘SIUSAT PalodIpald 94008 Xsiy

_Siuedidnied pajeal L -18n8N Buowy 8100S sy YoeT 10} Xsiy PaAIssqO pue pardlpaid

G 9lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ann Intern Med. Author manuscript; available in PMC 2015 August 17.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

DeFilippis et al.

Appendix Table 1
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Intended Age Group, Predicted Outcome, and Variables Included Among Risk Scores Being Evaluated

Risk Score Reference g?_g%e; ege Target Cardiovascular Events Variables
FRS-CHD 4  30-74 Angina, MI, death from CHD, and Age, total cholesterol level, HDL
coronary insufficiency cholesterol level, BP, diabetes status,
smoking status, and sex
FRS-CVD 11 30-74 Angina, MI, death from CHD, stroke, Age, total cholesterol level, HDL
TIA, peripheral vascular disease, and cholesterol level, BP, diabetes status,
heart failure smoking status, sex, and
antihypertensive medication use
ATPIII-FRS-CHD 5 >20 MI and death from CHD Age, total cholesterol level, HDL
cholesterol level, BP, smoking status,
seX, and antihypertensive medication
use
RRS 12,22  Women: 45-80 Ml, death from CHD, stroke, and Age, total cholesterol level, HDL
Men: 50-80 coronary revascularization cholesterol level, BP, diabetes status,
smoking status, sex, hs-CRP level,
family history, and HbA;. level™
AHA-ACC-ASCVD 13 40-79 MI, death from CHD, and stroke Age, total cholesterol level, HDL

cholesterol level, BP, diabetes status,
smoking status, sex, white or African
American ethnicity, and
antihypertensive medication use

ACC = American College of Cardiology; AHA = American Heart Association; ASCVD = atherosclerotic cardiovascular disease; ATPIII = Adult
Treatment Panel 111; BP = blood pressure; CHD = coronary heart disease; CVD = cardiovascular disease; FRS = Framingham risk score; HbA1¢ =

hemoglobin A1c; HDL = high-density lipoprotein; hs-CRP = high-sensitivity C-reactive protein; Ml = myocardial infarction; RRS = Reynolds
Risk Score; TIA = transient ischemic attack.

*
Female participants with diabetes only.
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Appendix Table 2

Medication Use, by Examination™

Medication Baseline! Ever Throughout Study*
Men Women Men Women
Aspirin§ 546 (27.84) 484 (21.36) 1132 (57.73) 1214 (53.57)

Antihypertensive 642 (32.74) 821 (36.23) 1142 (58.24) 1362 (60.11)

Lipid-loweringll ~ 308 (15.71)  348(15.36) 855 (43.60) 1009 (44.53)

Any 1031 (52.58) 1197 (52.82) 1563 (79.70) 1866 (82.35)

None 930 (47.42) 1069 (47.18)  398(20.30) 400 (17.65)

*

Values are numbers (percentages).

TE><amination 1.

iObserved medication use any time during the study but before an event when applicable. Includes participants with missing data on risk factors.

§Regular use.

Lipid-lowering therapy included a statin in 92.5% of participants at baseline and 94.0% of participants ever throughout the study.
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Risk Score-Specific Events Among Participants Who Had Coronary Revascularization”

Appendix Table 3

Event Status Events, n (%)
FRS-CHDT FRs-cvD* ATPIII-FRS-CHDS  AHA-ACC-AsCVDS
Revascularization after CHD eventll 108 (58.70) 114 (61.96) 42(22.83)
Revascularization <48 h before CHD eventl 45(24.46)  45(24.46) 25 (13.59)
Revascularization >48 h to <30 d before CHD event™ 4 (2.17) 3(1.63) 5(272)
Revascularization >30 d before CHD event”™ 5(@2712) 5(272) 3(1.63)
Revascularization with no CHD event™ 22 (11.96) 17 (9.24) 109 (59.24)

Page 27

Treatment Panel 111; CHD = coronary heart disease; CVD = cardiovascular disease; FRS = Framingham risk score.

ACC = American College of Cardiology; AHA = American Heart Association; ASCVD = atherosclerotic cardiovascular disease; ATPIII = Adult

*
184 participants. CHD event is specific to each risk score. The Reynolds Risk Score was excluded from this analysis because revascularization

was part of the end point.

TAngina pectoris, nonfatal myocardial infarction, and coronary insufficiency.

¢Angina pectoris, nonfatal myocardial infarction, peripheral vascular disease, and heart failure.

§Nonfatal myocardial infarction.

Event occurred after censoring and could not have contributed to overestimation.

ﬂEvent was considered possibly periprocedural and was not considered in the evaluation of overestimation.

Fk

Events modeled as possibly explanatory for overestimation.
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