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BACKGROUND: Limited data exist on the incremental value of the risk enhancers recommended in the 2018 American Heart
Association/American College of Cardiology (ACC/AHA) cholesterol treatment guidelines in addition to the pooled cohort
equation.

METHODS AND RESULTS: Using pooled individual-level data from 3 epidemiological cohorts involving 22 942 participants (56%
women, mean age 59 years), we evaluated the predictive ability of the risk enhancers and coronary artery calcium (CAC) score
for atherosclerotic cardiovascular disease, and determined their incremental utility using the C statistic, net reclassification
index, and integrated discrimination index. A total of 1960 (8.5%) atherosclerotic cardiovascular disease events were accrued
over 10 years. Of the 10 risk enhancers evaluated, only 6 predicted atherosclerotic cardiovascular disease independent of
the pooled cohort equation. However, the individual enhancers demonstrated little or no incremental benefit. There was more
incremental value from combining the 6 enhancers into an aggregate score (hazard ratio [HR], 1.21; 95% ClI, 1.08-1.37 for
each additional enhancer), and having >3 enhancers represents an optimum threshold for incremental prediction (C statistic,
0.766; net reclassification index, 0.041; integrated discrimination index, 0.010; P<0.007). On the other hand, CAC was superior
to individual enhancers (C statistic, 0.774; net reclassification index, 0.073; integrated discrimination index, 0.010; P<0.001),
reliably reclassifies intermediate-risk participants with <3 risk enhancers (event rate, 3.5% if no CAC and 9.8% if positive CAC),
but offered no reclassification among participants with >3 enhancers.

CONCLUSIONS: The individual risk enhancers evaluated in this study provided no or only marginal incremental information
added to the pooled cohort equation. However, the presence of >3 risk enhancers reliably identified intermediate-risk patients
that will benefit from statin therapy, and further CAC testing may be considered among those with <3 risk enhancers.
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CLINICAL PERSPECTIVE

What Is New?

e The individual risk enhancers recommended
in the 2018 American College of Cardiology/
American Heart Association cholesterol treat-
ment guidelines provided no or only marginal
incremental information when used in addition
to the pooled cohort equation.

® Presence of at least 3 risk enhancers reclassi-
fies patients previously deemed as intermediate
risk by the pooled cohort equation to high risk.

What Are the Clinical Implications?

e Coronary artery calcium score is a reliable con-
sideration when risk decision remains uncertain
for intermediate-risk patients with <3 risk en-
hancers, but it is of less utility in those with >3
risk enhancers.

Nonstandard Abbreviations and Acronyms

ACC American College of Cardiology

AHA American Heart Association

ARIC Atherosclerosis Risk in Communities

CHS Cardiovascular Health Study

IDI integrated discrimination index

Lp(a) lipoprotein (a)

MESA  Multi-Ethnic Study of Atherosclerosis

NHLBI National Heart, Lung, and Blood
Institute

NRI net reclassification index

PCE pooled cohort equation

Cardiology/American Heart Association (ACC/

AHA) Multispecialty Society Guideline on the
Management of Blood Cholesterol identifies patients
with intermediate atherosclerotic cardiovascular dis-
ease (ASCVD) risk, defined as pooled cohort equation
(PCE)-based estimated risk of 7.5% to <20%, as one of
the groups that will benefit from initiation of statin ther-
apy for primary prevention of ASCVD." The PCE was
developed from 4 prospective epidemiologic studies
using a combination of traditional risk factors to pre-
dict the risk of hard cardiovascular events (ie, nonfatal
myocardial infarction, coronary heart disease deaths,
nonfatal or fatal stroke). However, the PCE may under-
estimate or overestimate risk in some populations.>=®
Hence, the guideline recommends a risk discussion
to guide initiation of statin therapy for primary ASCVD

The most recent 2018 American College of
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prevention. The risk discussion should involve evalu-
ation for risk enhancers to supplement the PCE, and
when the decision remains uncertain, measuring coro-
nary artery calcium (CAC) score is to be considered for
further risk stratification. Although the risk enhancers
were selected on the basis of prior studies showing
their association with ASCVD, little is known about
their incremental value when combined with the PCE.

A prior analysis of the MESA (Multi-Ethnic Study
of Atherosclerosis) study evaluated the utility of 3 risk
enhancing factors (ankle-brachial index [ABI], high-
sensitivity C-reactive protein, and family history of
ASCVD) that were included in the 2013 ACC/AHA cho-
lesterol management guideline.® However, the most
recent 2018 guideline has provided additional risk en-
hancers that have not been previously evaluated over
the PCE. Also, the 2018 guideline has redefined the
cutoff for intermediate risk (>7.5% to <20%), which dif-
fers from the 2013 guideline cut point of >7.5% 10-year
ASCVD risk without an upper limit. An assessment of
the incremental value of the recommended risk en-
hancers and CAC score in the context of the 2018
guideline may help clinicians and patients in the incor-
poration of the risk enhancers as part of a risk discus-
sion for initiation of statin therapy. Therefore, we sought
to evaluate the incremental value of the 2018 guideline
risk enhancers and CAC score when used with the
PCE. Also, we evaluated whether having multiple risk
enhancers might have a cumulative prognostic impact.

METHODS

Participants

All data used in this analysis are publicly available by
request from the National Heart, Lung, and Blood
Institute (NHLBI) repository. The study was conducted
using pooled data from 3 large prospective NHLBI
cohorts, namely, the ARIC (Atherosclerosis Risk in
Communities) study, CHS (Cardiovascular Health
Study), and MESA. Notably, ARIC and CHS were in-
cluded in the original derivation cohort for the PCE
by the risk-assessment working group for the 2013
ACC/AHA guideline’. Details of the design, ration-
ale, and enrollment for each study have been previ-
ously published.®-"° Briefly, ARIC is a cohort of 15 792
White and Black men and women aged 45-64 years
at enrollment who were recruited from 4 field centers
(Minneapolis, MN; Washington County, MD; Forsyth
County, NGC; and Jackson, MS) between 1987 and
1989. The CHS original cohort is an elderly popula-
tion of 5201 White and Black men and women aged
>65 years from 4 field centers (Washington County,
MD; Forsyth County, NC; Allegheny County, PA; and
Sacramento County, CA) who were enrolled between
1988 and 1990. MESA is a more ethnically diverse
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cohort of 6814 men and women aged 45-84 years
from 6 sites (Baltimore City and Baltimore County,
MD; Chicago, IL; Forsyth County, NC; Los Angeles
County, CA; New York, NY; and St. Paul, MN) and
included 38% White, 28% Black, 23% Hispanic, and
11% Chinese participants who were enrolled between
2000 and 2002. The institutional review committee
at each participating center approved the study, and
all participants provided informed consent. The cur-
rent analysis was a retrospective analysis of the pro-
spectively collected data and was considered exempt
from additional formal review by the University of lowa
Institutional Review Board because it involved deiden-
tified data sets.

Following the methodology used in the devel-
opment of the PCE, we excluded individuals aged
>79 years because complex age interactions were
found above this age cutoff during the development
of the PCE.” Older adults aged between 75 and
79 years were included because of evidence of sta-
tin benefit in meta-analyses and recommendation to
consider primary prevention statin in this group in
the new guideline."""~'® However, we limited the par-
ticipants to those free of cardiovascular disease at
baseline by excluding those with previous history of
myocardial infarction, stroke, congestive heart fail-
ure, percutaneous coronary intervention, coronary
bypass surgery, or atrial fibrillation. Lastly, we ex-
cluded participants with missing information on the
key variables required for calculation of the PCE in-
cluding age, sex, race, treated or untreated systolic
blood pressure, total cholesterol, high-density lipo-
protein cholesterol (HDL-C), current smoking, diabe-
tes mellitus, and statin use (Figure S1).

Covariate Assessment

Extensive baseline examinations, including documen-
tation of sociodemographic details, medical history,
and laboratory risk factors of cardiovascular disease,
were performed for all 3 cohorts. Scheduled follow-
up visits were performed by trained study personnel at
regular intervals for risk factors and events. Follow-up
data for incident cardiovascular disease events were
available for >10 years in each study. Details of these
measurements are available in prior reports or through
the NHLBI website.®°

Risk Enhancers

Of the 183 risk enhancers recommended in the
guideline, 10 were available for analysis: triglycer-
ide >175 mg/dL, low-density lipoprotein cholesterol
>160 mg/dL, non-HDL-C >190 mg/dL, chronic kid-
ney disease (CKD; defined as estimated glomerular
filtration rate <60 mL/min-1.73 m?), ABI <0.9, high-
sensitivity C-reactive protein >2 mg/L, lipoprotein(a)
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[Lp(@)] =50 mg/dL, apolipoprotein B >130 mg/
dL, family history of premature ASCVD (men aged
<55 years or women aged <65 years), and metabolic
syndrome. Metabolic syndrome was defined as the
presence of at least 3 of increased waist circumfer-
ence, elevated triglycerides >150 mg/dL, elevated
blood pressure, elevated glucose, and low HDL-C
of <40 mg/dL in men or <50 mg/dL in women. All
of the 10 risk enhancers were available in MESA,
whereas ARIC and CHS had only 8 (Table S1). None
of the cohorts have reliable information on chronic
inflammatory conditions, premature menopause, and
pregnancy-associated conditions, or South Asian
ancestry; therefore, these were not available for this
analysis.

CAC Score

As a comparison with the risk enhancers, we also
evaluated the utility of the CAC score, which has
now been recommended in the 2018 guideline to
supplement the risk enhancers when a risk deci-
sion remains uncertain. Of the 3 cohorts, CAC
score was only available from the baseline exam of
MESA. It was measured by either an electron-beam
or multidetector computed tomography,'* and each
participant had 2 scans, which were reconstructed
to include a calibration phantom at a central com-
puted tomography reading center (Harbor-University
of California Los Angeles Research and Education
Institute, Los Angeles, CA). Calcified plaques were
calculated in phantom-adjusted Agatston score, for
which the mean of the 2 scans was computed for
each participant.

End Points

The main outcome of the study was the incidence of
10-year ASCVD events as defined by the ACC/AHA
risk-assessment working group.” ASCVD is a compos-
ite of the first nonfatal myocardial infarction, coronary
heart disease death, or nonfatal or fatal stroke over a
10-year period. Ascertainment of events was adjudi-
cated by a centralized committee using available data
from patient contact, next of kin, medical records, or
death certificates. For the present analysis, partici-
pants were censored when an event occurred or after
10 years of follow-up (whichever occurred first).

Statistical Analysis

Participant-level data from the 3 cohorts were pooled
together for this study. Subsequent analyses were
conducted in accordance with the methodology and
recommendations of the ACC/AHA risk-assessment
working group.” Ten-year ASCVD risk was estimated
for each participant on the basis of the variables in-
cluded in the PCE (ie, age, sex, race (nhon-Hispanic
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White or Black), treated or untreated systolic blood
pressure, total cholesterol, HDL-C, current smoking,
and diabetes mellitus. Risk estimates for Hispanic and
Asian American participants were calculated using the
equation for non-Hispanic White participants of the
same sex as recommended by the risk-assessment
working group. Baseline characteristics based on
the PCE variables were summarized across each co-
hort into 3 PCE-based risk categories (<7.5%, 7.5% to
<20%, and >20%).

For the primary analysis, the predictive ability and
incremental prediction benefit offered by each risk
enhancer over the PCE was evaluated. The risk en-
hancers were evaluated in categorical form (present
or absent) as recommended in the 2018 guideline.
The predictive ability of each enhancer for incident
10-year ASCVD was evaluated using a PCE-based
Cox proportional hazard model that included all the
variables in the PCE (above). Also, a variable for statin
use at baseline as well as an indicator variable for the
different cohorts were included in each model. Age
interaction was tested for each PCE variable in the
model and was retained if the P value for interaction
was statistically significant. The goodness of fit of the
PCE-based model was evaluated using the C sta-
tistic (for discrimination) and a calibration x? statistic
that compares observed with predicted risk. The in-
cremental prediction benefit of adding each risk en-
hancer to the PCE-based model was evaluated via
C statistics, integrated discrimination index (IDI), and
net reclassification index (NRI), as recommended by
the risk-assessment working group.” Categorical net
reclassification was evaluated by cross-tabulating
the participants into 3 PCE-based risk categories of
<7.5%, 7.5% to <20%, and >20% before and after the
addition of risk enhancer to the model. Also, to eval-
uate the potential cumulative effect of the presence
of multiple risk enhancers in a participant, an aggre-
gate variable that represented the number of risk
enhancers that were present was created for each
participant. Only risk enhancers that demonstrated
significant association with incident ASCVD were
considered for the aggregate variable, the number
of risk enhancers present. Based on this aggregate
variable, the optimum number of risk enhancers for
predicting incident ASCVD was determined using the
Youden index, which identifies a cut point on the re-
ceiver operating characteristic curve that maximizes
the sum of the sensitivity+specificity—1."%1% Similar to
the analysis for the individual risk enhancers, the op-
timum number of risk enhancers was evaluated for
incremental benefit over the PCE. Lastly, the same
analyses with CAC score as the variable of interest
were performed. Analyses of the optimum number of
risk enhancers and the CAC score was limited only to
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MESA, because it was the only cohort that contained
all the 10 risk enhancers and CAC score.

We performed multiple sensitivity analysis. First, we
evaluated the individual risk enhancers and CAC score
in continuous form (when possible) and compared
the results to the categorical form. For the continuous
form, normalization of the skewed distribution of high-
sensitivity C-reactive protein, Lp(a), and CAC+1 was
achieved via the natural logarithm function. Second,
we restricted the analysis of prognostic utility of risk
enhancer to the ARIC cohort.

All analyses were performed using Stata 16
(StataCorp, College Station, TX), and a 2-tailed P value
<0.05 was considered statistically significant.

RESULTS

A total of 22 942 participants free of ASCVD at baseline
were included in this study. Baseline demographics
were mean age 58.7 years (range, 45-79 years), 55.6%
women, 68.3% White, and 22.3% Black (Table 1 and
Table S1). When participants in the combined cohort
were classified into the 3 risk categories, there were
13 899 (60.6%), 6625 (28.9%), and 2418 (10.5%) in
the low/borderline (<7.5% 10-year ASCVD risk), in-
termediate (7.5% to <20% 10-year ASCVD risk), and
high-risk category (>20% 10-year ASCVD risk), re-
spectively (Table 1). Across the 3 risk categories, age,
male sex, White race, low-density lipoprotein choles-
terol level, blood pressure level, hypertension, smok-
ing, diabetes mellitus, and the prevalence of each risk
enhancer increased, whereas HDL-C level and statin
use decreased.

A total of 1960 (8.5%) incident ASCVD events oc-
curred over 10 years of follow-up (46% myocardial in-
farction, 19% coronary heart disease death, and 35%
nonfatal or fatal stroke). The PCE-based model demon-
strated a good fit, with a C statistic of 0.79, and was well
calibrated (P=0.35) in the combined cohort. Only 6 of
the 10 risk enhancers independently predicted incident
ASCVD when added to the PCE (Figure 1). ABI <0.9 was
the strongest predictor (hazard ratio [HR], 1.68; 95% Cl,
1.46-1.94; P<0.001). The other significant predictors in
increasing order of magnitude of association were high-
sensitivity C-reactive protein >2 mg/L, apolipoprotein B
>130 mg/dL, CKD, family history of premature cardiovas-
cular disease (CVD), and Lp(a) >50 mg/dL. On the other
hand, triglyceride >175 mg/dL, low-density lipoprotein
cholesterol >160 mg/dL, non—-HDL-C >190 mg/dL, and
metabolic syndrome were not significant predictors.

None of the 10 risk enhancers, however, significantly
improved the C statistic of the model, although the P
value was 0.05 for Lp(a) >50 mg/dL, apolipoprotein
B >130 mg/dL, and family history of premature CVD.
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Table 1. Baseline Characteristics of Study Participants, Stratified by Pooled Cohort Equation-Based Risk Categories
Low/Borderline Risk, Intermediate Risk, PCE 7.5% to
PCE<7.5%, n=13 899 <20%, n=6625 High Risk, PCE>20%, n=2418

No. by cohort

Age, y, mean (SD) 54.9 (7.3) 63.3(8.2) 68.3 (8.6)

Women, % 64.9 42.8 37.4
Race

White, % 64.2 72.2 80.6

Black, % 22.8 22.7 18.2

Other, % 13.0 5.1 11
Total cholesterol, mg/dL, mean (SD) 203 (37.5) 214 (41.9) 218 (45.9)
HDL-C, mg/dL, mean (SD) 55.4 (16.9) 48.3 (14.9) 46.9 (13.4)
LDL-C, mg/dl, mean (SD) 125 (34.9) 139 (39.1) 141 (41.4)
Untreated SBP, mm Hg, mean (SD) 115 (15) 129 (18) 145(22)
Treated SBP, mm Hg, mean (SD) 123 (16) 134 (18) 149 (21)
Blood pressure medications, % 18 39.4 57.6
Current smoker, % 14.6 28.7 30.5
Diabetes mellitus, % 3.1 141 461
Statin use, % 5.4 4.0 1.2
Triglyceride >175 mg/dL, % 13.4 24.6 32.7
LDL-C =160 mg/dL, % 15.8 275 29.3
Non-HDL-C =190 mg/dL, % 137 26.7 29.4
Metabolic syndrome, % 17.8 38.2 55.2
CKD, % 3.5 14.2 291
ABI <0.9, % 2.5 5.4 12.4
hs-CRP >2 mg/dL, % 46.0 53.7 62.1
Lp(a) =50 mg/dL, % 22.0 355 385
apoB >130 mg/dL, % 8.9 20.2 251
Family history of premature CVD, % 137 16.3 14.0
CAC >0 Agatston unit, % 37.7 65.8 78.6

ABI indicates ankle-brachial index; apoB, apolipoprotein B; CAC, coronary artery calcium; CKD, chronic kidney disease; CVD, cardiovascular disease; HDL-
C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein (a); PCE, pooled

cohort equation; and SBP, systolic blood pressure.

P<0.001 for all comparison (except Lp(a), P=0.07; and family history of premature CVD, P=0.02). P value was based on X? test for categorical variables and

ANOVA or Kruskal-Wallis test (as appropriate) for continuous variables.

CKD and ABI marginally improved IDI but worsened
category-free NRI. Lp(a) >50 mg/dL and apolipoprotein
B >130 mg/dL modestly improved NRI across the 3
risk categories, although the IDI and category-free NRI
were not significant (Table 2).

The distribution of the number of risk enhancers per
participant is shown in Figure S2. Notably, about 79%
of the MESA cohort (and 86.7% of the intermediate-
risk category) have at least 1 risk enhancer. In the
MESA cohort, we evaluated the prognostic utility of
combining only the 6 risk enhancers that significantly
predicted incident ASCVD. Hence, each participant
had an aggregate score ranging from O to 6, repre-
senting the number of risk enhancers present. There
was a graded increase in the rate of incident ASCVD
across the spectrum of the aggregate score (Figure
S3). For example, in the full MESA cohort, irrespec-
tive of the risk category, participants with none of the
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6 significant risk enhancers had 10-year event rate
of 3.4%, which increased in a stepwise fashion with
increasing risk enhancer to 23.1% among participants
with >5 enhancers (HR for each additional risk en-
hancer, 1.21; 95% CI, 1.08-1.37; P=0.001). A thresh-
old of >3 risk enhancers demonstrated the optimum
predictive value for incident ASCVD. Participants with
>3 risk enhancers had an event rate of 8.5% in the
full cohort and 12.8% among those with intermedi-
ate risk, which is similar to having a CAC score >100.
(Figure 2A and 2B). Although this optimum thresh-
old did not significantly improve the C statistic of the
PCE-based model (0.762 versus 0.766, P=0.10), it did
result in significant net reclassification (Table 2). The
reclassification utility was more prominent among
those in the intermediate-risk category, among which
a net 9.1% were appropriately reclassified (P=0.007)
(Table 3).
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Risk enhancers HR(95%CI)  Pvalue
Triglyceride>175 1 0.98 (0.89,1.09) 0.67
LDL-C2160 1.05(0.94,1.20) 0.50
non-HDL-C2190 —@— 1.06 (0.92,1.23) 0.38
Metabolic syndrome  {g— 1.06 (0.96,1.18) 0.24
hsCRP22 |—@— 1.14(1.02,1.29) 0.02
ApoB2130 | —m—r0 1.19(1.00,1.42) 0.04
Chronic kidney disease —- 1.30(1.15,1.48) <0.001
Family history of premature CVD —. 1.31(1.10,1.55) 0.002
Lp(a)=50 = 1.46 (1.06, 2.05) 0.02
ABI<0.9 —_— 1.68 (1.46,1.94) <0.001
CAC score>0 —_——2.11(1.57,2.82) <0.001
1 2 3

Figure 1.
adjusting for the pooled cohort equation.

Strength of association among 2018 guideline-recommended risk enhancers after

Coronary artery calcium (CAC) score is provided for comparison. ABI indicates ankle-brachial index;
ApoB, apolipoprotein B; CVD, cardiovascular disease; HR, hazard ratio; hsCRP, high-sensitivity C-
reactive protein; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein (a); and non-HDL-C, non-

high-density lipoprotein cholesterol.

In comparison, a CAC score >0 significantly pre-
dicted incident ASCVD (HR, 2.11; 95% ClI, 1.57-2.82;
P<0.001), improved C statistic of the PCE-based model
(0.762 versus 0.774, P=0.01), IDI (0.010, P<0.001), and
resulted in significant net reclassification (Tables 2 and
4). However, this incremental benefit of CAC score was
limited only to those with <3 risk enhancers, and it has
less utility among those with >3 risk enhancers (C sta-
tistic, 0.812 versus 0.825, P=0.10; IDI, 0.009, P=0.12;
NRI, —0.028, P=0.62) (Table S2). A CAC score of O re-
liably reclassifies intermediate-risk participants with <3
risk enhancers into low risk (event rate, 3.5%), but par-
ticipants with a CAC score of 0 and >3 risk enhancers
remain in elevated risk (event rate, 9.7%) (Figure 3).

Overall, similar results were found in sensitivity anal-
yses as prespecified (Tables S3 through S6).

DISCUSSION

Applying the 2018 ACC/AHA cholesterol treatment
guideline to the pooled study population free of
ASCVD at baseline showed that an estimated 35.6%
of the population would have been eligible for primary

prevention statin therapy. This includes 10.5% in the
high-risk category plus 25.1% in the intermediate-risk
category (ie, 86.7% of the intermediate-risk category
who had at least 1 risk enhancer) (class 1 recommen-
dation). However, not all risk enhancers significantly
predicted 10-year incident ASCVD independent of the
PCE, and even among those that predicted 10-year
incident ASCVD (ie, high-sensitivity C-reactive protein
>2 mg/L, apolipoprotein B >130 mg/dL, CKD, family
history of premature CVD, Lp(a) >50 mg/dL, and ABI
<0.9), none added sufficient information individually to
meaningfully reclassify participants to lower or higher
risk. Our analysis, therefore, suggests that the individ-
ual risk enhancers are of little or no value for modifying
the risk of patients up or down when considering statin
therapy.

We found more incremental benefit in combin-
ing the risk enhancers into an aggregate score. The
aggregate score demonstrated a graded increase
in 10-year rate of incident ASCVD that may pro-
vide more information to restratify patients within
the intermediate-risk category and more informa-
tively supplement the clinician—patient risk discus-
sion. Patients are more likely to participate and be
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satisfied with the outcome of shared decision mak-
ing when an estimate of their absolute risk is pro-
vided."” For example, a patient with intermediate risk
might give different weights to an absolute 10-year
risk of 7.5% for 0 to 1 risk enhancers, compared with

Prognostic Utility of Risk Enhancers and CAC Score

an upwardly revised 33% 10-year ASCVD risk for 5
or more risk enhancers, during the risk discussion.
Also, the absolute risk estimate may provide a useful
clue for intensification of statin therapy among those
who are already on a low- to moderate-intensity
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Figure 2. Rate of incident atherosclerotic cardiovascular disease (ASCVD) by number of
significant risk enhancers (high-sensitivity C-reactive protein 22 mg/L, apolipoprotein B >130 mg/
dL, chronic kidney disease, family history of premature cardiovascular disease, lipoprotein (a)
>50 mg/dL, and ankle- brachial index <0.9) and coronary artery calcium (CAC) score.

A, Irrespective of risk category. B, Among participants with intermediate risk.
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Table 3. Risk Reclassification of MESA Participants by Aggregate Risk Enhancer Score >3

PCE With Aggregate Risk Enhancer >3 Risk Reclassification

PCE Alone <7.5% 7.5% to <20% ‘ >20% Row Total Higher, No. (%) Lower, No. (%)
Events, n=305

<7.5% 154 1 165 1(6.7) NA

7.5%-20% 3 13 5 121 5 (4.1) 3(2.5)

>20% 2 17 19 NA 2 (10.5)

Total 157 126 22 305 16 (5.2) 5(1.6)
Nonevent, n=6105

<7.5% 5,034 54 5,088 54 (1.1) NA

7.5%-20% 83 826 14 923 14 (1.5) 83 (9.0)

>20% 13 81 94 NA 13 (138.8)
Total 5117 893 95 6,105 68 (1.1) 96 (1.6)
Net reclassification improvement

Overall, P=0.007 41%

Intermediate group, 7.5%-<20% 9.1%

MESA indicates Multi-Ethnic Study of Atherosclerosis; NA, not applicable; and PCE, pooled cohort equation.

statin. Notably, we found that having >3 risk en-
hancers represent an optimum threshold for initia-
tion or intensification of statin therapy because it
resulted in significant net reclassification, particularly
among those in the intermediate-risk category. CAC
score was also confirmed to significantly reclassify
intermediate-risk individuals, and the rates of events
by the level of CAC score paralleled those by the ag-
gregate risk-enhancer score. These data suggest
that either multiple risk enhancers or CAC should be
considered when risk decision remains uncertain,
because both were shown to reclassify a clinically
meaningful proportion (9%-13%) of intermediate-risk
individuals.

It is not surprising that CAC score and, to some
extent ABI, were the strongest predictors of events,

because they both represent subclinical markers of
disease. This finding is consistent with a prior analy-
sis of the utility of risk markers over the pooled cohort
equation that showed that CAC score, ABI, and fam-
ily history of premature CVD independently predicted
ASCVD event, but only CAC score showed modest
reclassification benefit when used alone.® The find-
ing of the incremental value of CAC scoring is also
in agreement with prior studies, where the presence
of CAC has been shown to predict future ASCVD
events and provide better incremental benefit when
compared with selected traditional risk factors.®18-20
Extending the findings from these prior studies, our
analysis supports the reclassification value of CAC
based on the new risk categories in the 2018 guide-
line. Importantly, we also showed that the presence

Table 4. Risk Reclassification of MESA Participants by CAC Score

PCE With CAC>0 Risk Reclassification
PCE Alone <7.5% 7.5% to <20% ‘ >20% ‘ Row Total Higher, No (%) Lower, No (%)
Events, n=305
<7.5% 131 34 165 34 (20.6) NA
7.5% to <20% 16 95 10 121 10 (8.3) 16 (13.2)
>20% 2 17 19 NA 2 (10.5)
Total 147 131 27 305 44 (14.4) 18 (5.9)
Nonevent, n=6105
<7.5% 4821 267 5088 267 (5.2) NA
7.5% to <20% 192 710 21 923 21 (2.3) 192 (20.8)
>20% 21 73 94 NA 21 (22.3)
Total 5013 998 94 6,105 288 (4.7) 213 (3.5)
Net reclassification improvement
Overall, P=0.005 7.3%
Intermediate group (7.5% to <20%) 13.6%

CAC indicates coronary artery calcium; MESA, Multi-Ethnic Study of Atherosclerosis; NA, not applicable; and PCE, pooled cohort equation.
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Figure 3.

Interaction between coronary artery calcium (CAC) score and risk enhancer for rate of

incident atherosclerotic cardiovascular disease (ASCVD) among participants with intermediate

risk.

of >3 enhancers performed close to CAC score for
identifying participants with elevated risk. Although
similar utility of combining multiple biomarker risk
markers had been reported in the literature,??? our
current analysis is the first to evaluate the combina-
tion of the guideline-recommended risk enhancers.
In our analysis, having >3 of the 6 risk enhancers we
identified as being independently predictive (high-
sensitivity C-reactive protein >2 mg/L, apolipoprotein
B>130 mg/dL, CKD, family history of premature CVD,
Lp(@)=50 mg/dL, and ABI<0.9) is associated with
similar rate of event as a CAC score =100, and CAC
scoring did not show meaningful incremental value
over the PCE among participants with >3 risk en-
hancers. However, CAC scoring demonstrated sig-
nificant reclassification benefit among participants
with <8 risk enhancers, for which a CAC score of O
identified those with low risk. Hence, patients with >3
risk enhancers should be considered as having suf-
ficient risk to commence statin therapy without the
need for further downstream testing for CAC score.
On the other hand, CAC scoring may be considered
for further risk stratification in patients with <3 risk
enhancers, because a O calcium score reliably iden-
tified the true low-risk participants in this subgroup.
Potential limitations of our study should also be
considered. First, our analysis included 10 out of the
recommended 13 risk enhancers. None of the co-
horts has reliable information on chronic inflammatory

J Am Heart Assoc. 2021;10:e019589. DOI: 10.1161/JAHA.120.019589

conditions, premature menopause, and pregnancy-
associated conditions, or South Asian ancestry. Hence,
these enhancers were not included in our analysis and
we cannot comment on their prognostic utility. Also,
ARIC and CHS have data on only 8 risk enhancers, and
therefore, part of the analysis did not involve the total
participants in the combined cohort. Second, our study
included Hispanic and Asian participants who were not
included in the derivation of the PCE. However, this is
an inherent limitation of the PCE, and we followed the
risk-assessment working group recommendation to
approximate these population risk estimates using PCE
for White participants of the same sex.”

In conclusion, the individual risk enhancers evalu-
ated in this study provided no or only marginal incre-
mental information added to the PCE. This probably
reflects the potential drawbacks of using a single risk
modifier (other than CAC score) to supplement a
moderately robust risk estimation model such as the
pooled cohort equation, which was developed on the
basis of a combination of multiple strong risk factors.
However, we found a novel utility in combining the risk
enhancers, because the presence of multiple risk en-
hancers of at least 3 had prognostic utility in identi-
fying intermediate-risk participants with elevated risk.
Lastly, CAC score is a reliable consideration when risk
decision remains uncertain for intermediate-risk partic-
ipants with <3 risk enhancers, but it is of less utility in
those with >3 risk enhancers.
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Table S1. Baseline characteristics and distribution of risk enhancers, statified by study cohort and risk

categories.
ARIC CHS MESA
(n=12,906) (n=3,626) (n=6,410)
<7.5% 7.5to 220% <7.5% 7.5to 220% <7.5% 7.5to 220%
<20% <20% <20%

No. (%) by cohort 9209 3016 681 470 1860 1296 4220 1749 441

(71.4) (23.4) (5.3) (13) (51.3) (35.7) (65.8) (27.3) (6.9)
Baseline characteristics
Age, mean (SD), years 52.8 57.1 57.7 67.2 70.1 73.1 58.1 66.9 70.5

(5.4) (5.4) (5.3) (2.2) (3.5) (4.1) (8.7) (7.9) (7.9)
Female, % 65.5 30.8 26.8 92.1 65 45.7 60.4 39.9 29.2
White, % 77.2 73.3 64.7 91.4 94.6 96.3 32.8 46.4 59.1
African American, % 22.8 26.7 35.2 6.0 5.1 3.6 24.6 34.6 34.7
Total Cholesterol, mean 208 226 234 207 213 215 192 195 199
(SD), mg/dL (38.2) (43.4) (50.2) (34.5) (37) (41.7) (33.8) (36.1) (37.9)
HDL-C, mean (SD), 56.0 43.8 40.9 66.9 55.9 50.2 52.8 48.1 46.3
mg/dL (17.3) (12.1) (11.3) (17.0) (15.1) (13.4) (15.1) (13.4) (13.1)
LDL-C, mean (SD), mg/dl 130 152 158 121 134 138 115 120 124

(35.8) (40.2) (46.1) (32.4) (33.9) (37.7) (30.6) (32.6) (33.9)
Untreated SBP, 114 128 146 116 130 145 116 132 147
mean(SD), mmHg (14) (18) (26) (14) (17) (20) (16) (19) (19)
Treated SBP, mean (SD), 122 133 147 116 130 149 125 138 153
mmHg (14) (17) (22) (15) (16) (20) (17) (20) (22)
BP meds, % 14.1 354 58.8 16.3 34.1 54.4 26.8 52.1 65.1
Current smoker, % 17.4 44.2 60.5 5.7 12.2 16.6 9.3 19.8 25.1
Diabetes, % 2.6 15.2 52.8 1.2 6.5 45.2 4.5 20.1 38.1
Statin use, % 0.40 0.56 0.44 4.8 1.1 0.54 16.4 12.9 4.1
Risk enhancers
Triglyceride>175 mg/dL, 11.7 28.8 44.0 10.0 18.8 28.9 17.4 23.3 26.3
%




LDL-C2160 mg/dL, % 19.6 40.0 44.7 11.2 22.8 26.7 8.1 11.1 13.1
Non-HDL-C>190 mg/dL, 16.8 40.6 49.9 7.2 18.4 23.9 7.5 114 14.2
%

Metabolic syndrome, % 17.4 44.8 69.4 7.7 25.8 48.7 19.9 39.8 52.5
CKD, % 0.46 1.9 4.2 28.4 31.6 44.2 7.6 16.8 233
ABI<0.9, % 3.0 4.7 10.3 23 5.7 14.4 1.5 6.1 9.8
hsCRP>2 mg/dL, % N/A N/A N/A 46.9 54.5 64.3 45.9 52.8 55.6
Lp(a)=50 mg/dL, % N/A N/A N/A 45.7 45.5 42.9 18.0 20.6 21.6
ApoB>130 mg/dL, % 6.4 18.6 25.7 N/A N/A N/A 17.1 23.9 23.9
Family history of 8.2 8.0 8.5 N/A N/A N/A 26.7 29.2 23.6
premature CVD, %

CAC>0 Agatston unit, % N/A N/A N/A N/A N/A N/A 37.7 65.8 78.6

PCE, pooled cohort equation; No., number; SD, standard deviation; HDL, high density lipoprotein; LDL,
low density lipoprotein; SBP, systolic blood pressure; CKD, chronic kidney disease; Lp(a), lipoprotein (a);
ApoB, apolipoprotein B; CVD, cardiovascular disease; CAC, coronary artery calcium




Table S2. Incremental utility of CAC score over the pooled cohort equation across categories of risk

enhancer (as defined by the optimum cutpoint of 23 risk enhancers).

No of risk PCE PCE+cac P value for | IDI (p value) NRI across 7.5%- | Category-free NRI (p
enhancers alone improvement 20% cutpoints value)

<3 risk 0.757 0.770 0.01 0.006 (<0.001) 0.04 (0.05) 0.577 (<0.001)
enhancers

>=3 risk 0.812 0.825 0.10 0.009 (0.12) -0.028 (0.62) 0.535 (<0.001)
enhancers




Table S3. Evaluation of risk enhancers in continuous form*

Strength of association C-statistic Integrated Net reclassification
discrimination
HR per SD P value PCE PCE+risk P value for IDI (p value) NRI across Category-
alone enhancer | improvement 7.5%-20% free NRI
cut-points (p value)
(p value)
Triglyceride 1.03 0.25 0.789 0.789 0.71 -0.0001 0.0003 0.013
(0.98, 1.08) (0.89) (0.99) (0.19)
LDL-C 1.00 0.87 0.789 0.789 0.43 -0.0002 0.003 0.019
(0.84,1.12) (0.54) (0.18) (0.20)
GFR 0.85 <0.001 0.789 0.790 0.23 0.0009 0.001 0.051
(0.80, 0.91) (0.79) (0.82) (0.26)
ABI 0.84 <0.001 0.789 0.792 0.01 0.004 0.018 -0.004
(0.81,0.87) (0.02)) (0.01) (0.78)
hsCRP (In)t 1.09 0.01 0.796 0.796 0.97 0.001 -0.01 0.103
(1.02,1.16) (0.04) (0.31) (0.004)
Lp(a) (In) T 1.07 0.06 0.796 0.798 0.04 0.003 0.02 0.124
(0.99, 1.16) (0.02) (0.06) (<0.001)
ApoB 1.06 0.06 0.773 0.775 0.03 0.001 0.019 0.124
(0.96, 1.16) (0.51) (0.02) (<0.001)
Aggregate 1.21 0.001 0.762 0.763 0.40 0.010 (0.004) 0.043 0.127 (0.01)
risk (1.08-1.37)t% (0.03)
enhancert
CAC (In+1)tP 1.56 <0.001 0.7613 0.7822 0.001 0.012 0.096 0.464
(1.37,1.77) (0.002) (<0.001) (<0.001)

HR, hazard ratio; SD, standard deviation; LDL-C, low density lipoprotein cholesterol; hsCRP, high
sensitivity C-reactive protein; ApoB, Apolipoprotein B; GFR, glomerular filtration rate; Lp(a), lipoprotein
(a); ABI, ankle brachial index; CAC, coronary artery calcium; PCE; pooled cohort equation IDI, integrated
discrimination index; NRI, net reclassification index

* Model calibration was optimum (p>0.35) across all model (not shown in the table). Non-HDL was not
assessed due to collinearity with total cholesterol and HDL in the multivariable model



thsCRP, Lp(a) and CAC score have skewed distribution. Hence, natural logarithm was used to normalize
their distribution prior to analysis

ttHazard ratio represents for each additional significant risk enhancer

® There was weak correlation between the CAC score and the number of enhancers (correlation
coefficient (r) = 0.20, p<0.001). Among all the 6 risk enhancers included in the aggregate score, GFR (r = -
0.21, p<0.001) was the most strongly correlated with CAC value



Table S4. Reclassification by aggregate risk enhancer score (in continuous form).

PCE alone PCE with combined risk enhancer Risk reclassification

<7.5% 7.5t0<20% 220% Row total Higher, No. (%) Lower, No. (%)

Events (n=305)

<7.5% 149 16 165 16 (9.7) NA

7.5 to <20% 11 102 8 121 8 (6.6) 11 (9.1)
>20% 1 18 19 NA 1(5.3)
Column total 160 119 26 305 24 (7.9) 12 (3.9)

Nonevent (n=6,105)

<7.5% 4,970 118 5,088 118 (2.3) NA

7.5 to <20% 139 762 22 923 22 (2.4) 139 (15.1)
>20% 22 72 94 NA 22 (23.4)
Column total 5,109 902 94 6,105 140 (2.3) 161 (2.6)

Net reclassification improvement
Overall 4.3% (p=0.03)

Intermediate group (7.5 to <20%) 10.2%

PCE, pooled cohort equation; No., number; NA, not applicable



Table S5. Strength of association between 2018 guideline-recommended risk enhancers after
adjusting for the pooled cohort equation (analysis restricted to the ARIC cohort).

Risk enhancer HR(95% Cl) P value
Triglyceride=175 0.90 (0.76, 1.07) 0.25
LDL-C>160 1.19 (0.96, 1.46) 0.10
Non-HDL>190 1.29(1.01, 1.60) 0.04
Metabolic syndrome 0.93(0.79, 1.09) 0.41
HsCRP>2 N/A

ApoB2130 1.11(0.98, 1.37) 0.08
CKD 2.06 (1.43, 2.96) <0.001
Family history of 1.21(1.00, 1.53) 0.05
premature CVD

Lp(a)=50 N/A

ABI<0.9 1.63(1.26, 2.12) <0.001

HR, hazard ratio; LDL-C, low density lipoprotein cholesterol; non-HDL-C, non-high density lipoprotein
cholesterol; hsCRP, high sensitivity C-reactive protein; ApoB, Apolipoprotein B; CKD, chronic kidney
disease; Lp(a), lipoprotein (a); ABI, ankle brachial index; CVD, cardiovascular disease; CAC, coronary
artery calcium; ARIC, Atherosclerosis Risk in Communities Study



Table S6. Incremental utility of risk enhancers and CAC score over the pooled cohort equation
(analysis restricted to ARIC cohort).

C-statistic Integrated Net
discrimination reclassification
PCE PCE+risk P value for IDI (p value) NRI across 7.5%-

alone enhancer improvement 20% cutpoints
Triglyceride>175 mg/dL 0.779 0.779 0.33 -0.0001 (0.95) -0.004 (0.36)
LDL-C>160 mg/dL 0.779 0.779 0.43 0.0003 (0.22) -0.002 (0.80)
Non-HDL-C>190 mg/dL 0.779 0.780 0.08 0.0005 (0.22) -0.003 (0.66)
Metabolic syndrome 0.779 0.780 0.58 -0.0001 (0.14) 0.002 (0.52)
CKD 0.779 0.780 0.16 0.002 ( 0.02) -0.002 (0.78)
ABI<0.9 0.779 0.781 0.16 0.002 (0.01) 0.008 (0.25)
hsCRP>2 mg/dL N/A
Lp(a)=50 mg/dL N/A
ApoB>130 mg/dL 0.779 0.779 0.89 0.0002 (0.87) -0.002 (0.58)
Family history of 0.779 0.779 0.59 0.0002 (0.31) 0.004 (0.51)
premature CVD

HR, hazard ratio; LDL-C, low density lipoprotein cholesterol; non-HDL-C, non-high density lipoprotein
cholesterol; hsCRP, high sensitivity C-reactive protein; ApoB, Apolipoprotein B; CKD, chronic kidney
disease; Lp(a), lipoprotein (a); ABI, ankle brachial index; CVD, cardiovascular disease; CAC, coronary
artery calcium; PCE; pooled cohort equation IDI, integrated discrimination index; NRI, net reclassification
index



Figure S1. Sample selection.
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Key variables included variables required for calculation of the pooled cohort equation -- age, sex, race,
treated or untreated systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol (HDL-

C), current smoking, diabetes—and statin use.




Figure S2. Distribution of the number of risk enhancers among participants in the Multi-Ethnic Study

of Atherosclerosis (MESA).
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Figure S3. Rate of incident ASCVD by number of significant risk enhancers (hsCRP 22 mg/L, ApoB 2130
mg/dL, CKD, family history of premature CVD, Lp(a) 250 mg/dL, and ABI<0.9): (A) irrespective of risk
category, (B) Among participants with intermediate risk.
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The group of 5 and 6 risk enhancers was combined due to very few participants with 6 risk enhancers



