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IMPORTANCE The 2018 American Heart Association/American College of Cardiology page1263
(AHA/ACC) cholesterol management guidelines identified 2 distinct groups of patients Supplemental content
with atherosclerotic cardiovascular disease (ASCVD) prompting different treatment

recommendations.

OBJECTIVE To investigate whether the addition of high-sensitivity troponin (hsTn) testing
to guideline-derived ASCVD risk can improve risk classification and downstream treatment
recommendations.

DESIGN, SETTING, AND PARTICIPANTS A prospective cohort biomarker substudy was
performed that included 8635 patients enrolled in the Prevention of Cardiovascular Events
in Patients with Prior Heart Attack Using Ticagrelor Compared to Placebo on a Background
of Aspirin-Thrombolysis in Myocardial Infarction 54 (PEGASUS-TIMI 54) trial. Patients were
assigned to risk groups of either very high-risk ASCVD or lower-risk ASCVD based on their
cardiovascular history and comorbidities, in line with the 2018 AHA/ACC cholesterol
management guidelines criteria. Patients were also classified on the basis of hsTnl level
(ARCHITECT assay; Abbott) using cut points of 2 ng/L (limit of detection) and 6 ng/L

(risk threshold), followed by joint classification on the basis of clinical features and hsTnl
level. The setting was a nested prospective cohort study in a completed multinational trial.
Participants were all patients who had a myocardial infarction 1to 3 years before enroliment,
were at least 50 years of age, and had at least 1 high-risk feature. The study dates were
October 2010 to December 2014. The dates of analysis were June 2019 to January 2020.

MAIN OUTCOMES AND MEASURES The primary end point was a composite of cardiovascular
death, myocardial infarction, or stroke.

RESULTS Among 8635 patients enrolled in the PEGASUS-TIMI 54 trial, the median age was
65 years (interquartile range, 58-71years), and 6614 (76.6%) were men; 8340 (96.6%) were
White individuals and 176 (2.0%) were Black individuals. Patients meeting clinical criteria for
the very high-risk ASCVD group had a primary end point 3-year event rate of 8.8% compared
with 5.0% in the lower-risk ASCVD group (hazard ratio, 2.01; 95% Cl, 1.58-2.57; P < .001).
When patients in the very high-risk ASCVD group were further risk stratified by hsTnl level,
614 of 6789 patients (9.0%) with an undetectable hsTnl level had a 3-year event rate of
2.7% (<1% per year), which was less than the overall rate in the lower-risk ASCVD group.
Analogously, in the lower-risk ASCVD group, 417 of 1846 patients (22.6%) with an hsTnl

level exceeding 6 ng/L had an event rate of 9.1%, comparable to the overall rate in the

very high-risk ASCVD group. The addition of hsTnl to guideline-derived ASCVD risk led to

a net reclassification index at event rate of 0.15 (95% Cl, 0.10-0.21). Overall, use of hsTnl
reclassified 1031 of 8635 patients (11.9%) (1in 11 with very high-risk ASCVD and 1in 4 with
lower-risk ASCVD).
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igh-sensitivity troponin (hsTn) has demonstrated a

strong association with recurrent events in patients

with stable atherosclerotic cardiovascular disease
(ASCVD),"” yet it is still not routinely being used in clinical
practice in this population. A recent study® in patients with
hypertension suggests that hsTnlI could be used to refine risk
categorization and better identify who should receive antihy-
pertensive therapies. Decisions about cholesterol manage-
ment may be another opportunity to incorporate hsTnl test-
ing into clinical risk algorithms that inform downstream
treatment recommendations.

The 2018 American Heart Association/American College
of Cardiology (AHA/ACC) cholesterol management guidelines®
identified 2 distinct groups of patients with ASCVD. The first
isa very high-risk group classified by the presence of 2 or more
major cardiovascular (CV) events or 1 major event with mul-
tiple high-risk conditions. The second group includes the re-
mainder of patients with ASCVD, designated in the choles-
terol management guidelines as not at very high risk, who have
established atherosclerotic disease but do not meet the 2018
AHA/ACC guidelines criteria for very high risk and are hereaf-
ter referred to as lower risk. Based on this clinical risk strati-
fication, the recommendations for the 2 groups differ in 3 im-
portant ways. First, patients in the very high-risk ASCVD group
are to be treated with high-intensity statin independent of age,
as opposed to the lower-risk ASCVD group, in which statin
therapy is a class I recommendation only for patients 75 years
or younger. Second, ezetimibe is a class IIa recommendation
in very high-risk ASCVD and only a class IIb recommendation
in lower-risk ASCVD. Third, proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors are recommended as class ITa
for patients in the very high-risk ASCVD group with low-
density lipoprotein cholesterol (LDL-C) levels of 70 mg/dL or
higher but are not recommended for the lower-risk ASCVD
group (to convert cholesterol level to millimoles per liter, mul-
tiply by 0.0259).

The clinical distinctions made in the AHA/ACC choles-
terol management guidelines® are a step toward a more per-
sonalized approach to treating most patients with ASCVD. How-
ever, inherent to the success of such a strategy is the robustness
of risk stratification. The present study investigated whether
the addition of hsTn to guideline-derived ASCVD risk can
improve risk classification and guide downstream treatment
recommendations.

Methods

Study Population

A prospective cohort biomarker substudy was performed that
included 8635 patients enrolled in the Prevention of Cardio-
vascular Events in Patients with Prior Heart Attack Using
Ticagrelor Compared to Placebo on a Background of Aspirin-
Thrombolysis in Myocardial Infarction 54 (PEGASUS-TIMI 54)
trial.'® PEGASUS-TIMI 54 was a multinational randomized trial
comparing ticagrelor with placebo in patients with prior myo-
cardial infarction (MI). The study design and results of the trial
have previously been published.'® The present exploratory
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Key Points

Question Can high-sensitivity troponin complement the
American Heart Association/American College of Cardiology
cholesterol management guidelines to improve atherosclerotic
cardiovascular disease (ASCVD) risk classification?

Findings Among 8635 patients in this cohort substudy, patients
with lower-risk ASCVD and a high-sensitivity troponin | level
exceeding 6 ng/L had the same rate of cardiovascular events as
patients classified as having very high-risk ASCVD. Analogously,
patients with very high-risk ASCVD and undetectable
high-sensitivity troponin | level had event rates similar to those
of patients classified as having lower-risk ASCVD.

Meaning The findings of this cohort substudy suggest that
incorporation of high-sensitivity troponin into a guideline-derived
ASCVD risk algorithm provides enhanced risk stratification and
reclassifies patients to ensure that risk-appropriate medical
therapy is offered.

analysis uses data from the prospective cohort biomarker sub-
study to evaluate hsTnl level for risk evaluation within the
framework of the 2018 AHA/ACC cholesterol management
guidelines.® The analysis includes all consenting patients
with available blood samples in the prospective cohort bio-
marker substudy. Data from this analysis will not be made pub-
licly available. Informed consent was obtained from all
participating individuals. The trial protocol was reviewed and
approved by the institutional review board or ethics commit-
tee at each participating center.

For this analysis, patients were assigned to guideline-
derived risk groups of either very high-risk ASCVD or a lower-
risk ASCVD based on their CV history and comorbidities, in line
with the 2018 AHA/ACC cholesterol management guidelines®
criteria. Patients were also classified on the basis of hsTnlI level
(ARCHITECT assay; Abbott) using cut points of 2 ng/L (limit
of detection) and 6 ng/L (risk threshold) and joint classifica-
tion on the basis of clinical features and hsTnl level. The
setting was a nested prospective cohort study in a completed
multinational trial. Participants were all patients who had an
MI 1to 3 years before enrollment, were at least 50 years of age,
and had at least 1 high-risk feature. The study dates were
October 2010 to December 2014. The dates of analysis were
June 2019 to January 2020.

To qualify for the very high-risk ASCVD group, patients had
to have either (1) at least 2 prior major CV events (acute coro-
nary syndrome within the past 12 months, history of MI be-
fore the preceding 12 months, history of ischemic stroke, or
peripheral vascular disease, as defined by revascularization,
amputation, or claudication, with documented ankle-
brachial index <0.90) or (2) a single prior major event plus mul-
tiple high-risk conditions (age >65 years, prior coronary re-
vascularization, diabetes, hypertension, current smoking,
apolipoprotein B [apoB] level >90 mg/dL [to convert apoB level
to grams per liter, multiply by 0.01] despite statin therapy, prior
congestive heart failure, or chronic kidney disease [esti-
mated glomerular filtration rate <60 mL/min/1.73 m?]). The
apoB level was used as a surrogate for LDL-C level because it
was the atherogenic lipoprotein measurement available in the
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Table. Baseline Characteristics by Guideline-Derived ASCVD Risk Group and hsTnl Level®

ASCVD risk group, No./total No. (%)

hsTnl level, No./total No. (%)

Lower-risk ASCVD  Very high-risk ASCVD <2 ng/L 2-6 ng/L >6 ng/L
Variable (n =1846) (n=6789) (n =920) (n=5028) (n=2687) P value
Demographics
Age, median (IQR), y 60 (55-64) 67 (60-72) 61 (55-66) 65 (58-70) 67 (60-73) <.001
Age 265y 397 (21.5) 4186 (61.7) 337 (36.6) 2658 (52.9) 1588 (59.1) <.001
Female 232 (12.6) 1789 (26.4) 330(35.9) 1137 (22.6) 554 (20.6) <.001
Medical history
Prior MI 1846 (100) 6789 (100) 920 (100) 5028 (100) 2687 (100) NA
History of peripheral artery disease 24 (1.3) 540 (8.0) 29(3.2) 296 (5.9) 239(8.9) <.001
Prior coronary revascularization 1753 (95.0) 6346/6788 (93.5) 877 (95.3) 4720/5027 (93.9) 2502 (93.1) .02
Diabetes 87 (4.7) 2489 (36.7) 269 (29.2) 1391 (27.7) 916 (34.1) <.001
Hypertension 752 (40.7) 6012 (88.6) 644 (70.0) 3905 (77.7) 2215 (82.4) <.001
Current smoker 99/1845 (5.4) 1506/6788 (22.2) 220/919(23.9) 945 (18.8) 440/2686 (16.4) <.001
apoB level 290 mg/dL despite 115/1803 (6.4) 1893/6668 (28.4) 212/902 (23.5) 1181/4929 (24.0)  615/2640(23.3) .71
statin therapy
Prior congestive heart failure 32(1.7) 1300 (19.1) 63 (6.8) 610 (12.1) 659 (24.5) <.001
Laboratory values
Estimated glomerular filtration 23/1828 (1.3) 1973/6736 (29.3) 105/909 (11.6)  1007/4985(20.2)  884/2670(33.1) <.001
rate <60 mL/min/1.73 m?
hsTnl level, median (IQR), ng/L 4(2-6) 4(3-8) <2 4 (3-5) 10 (8-17) NA

Abbreviations: apoB, apolipoprotein B; ASCVD, atherosclerotic cardiovascular
disease; hsTnl, high-sensitivity troponin I; IQR, interquartile range;

MI, myocardial infarction; NA, not applicable.

Sl conversion factor: To convert apoB level to grams per liter, multiply by 0.01.

2 The hsTnl levels for 8340 White individuals (1795 lower-risk ASCVD and 6545
very high-risk ASCVD) were less than 2 ng/L in 892 individuals (97.0%), 2 to
6 ng/L in 4877 individuals (97.0%), and greater than 6 ng/L in 2571 individuals

(95.7%) (P = .008). The hsTnl levels for 176 Black individuals (26 lower-risk
ASCVD and 150 very high-risk ASCVD) were less than 2 ng/L in 11 individuals
(1.2%), 2 to 6 ng/L in 91 individuals (1.8%), and greater than 6 ng/L in

74 individuals (2.8%) (P = .001).

b Presented without IQR because values less than 2 ng/L are below the level of
detection for the assay.

PEGASUS-TIMI 54 trial.’® The threshold of 90 mg/dL for apoB
level approximates 100 mg/dL for LDL-C level.'2 The remain-
der of patients qualified for the lower-risk ASCVD group
because of their established atherosclerosis as evident by
a prior MIL.

Troponin Assay

Patients had baseline blood samples collected at the time of
study enrollment. Cardiac troponin Ilevel was measured cen-
trally (at the TIMI Clinical Trials Laboratory, Boston, Massa-
chusetts) using a now clinically available, high-sensitivity as-
say (ARCHITECT assay; Abbott), which has a limit of detection
of 2ng/L, and previous studies®>’® have demonstrated thresh-
olds of risk in the range of 5 to 7 ng/L. Therefore, we catego-
rized patients into the following 3 a priori groups for risk strati-
fication based on hsTnl results: undetectable (<2 ng/L), low
(2-6 ng/L), and high (>6 ng/L). These values chosen for risk
stratification in this cohort of stable patients are well below
the 99th percentile upper reference limit of 26 ng/L!° (34 ng/L
in men and 16 ng/L in women) recommended for the diagno-
sis of acute MI.2° The coefficient of variation at the 99th
percentile of the assay is 5.6%.2°

End Points

The prespecified primary end point of the trial was a com-
posite of CV death, MI, or stroke. Secondary end points
included the individual components of the primary out-
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come, as well as death from coronary heart disease and
death from any cause. Patients were followed up for a
median of 33 months (interquartile range, 27-38 months). All
CV end points were adjudicated by a central clinical events
committee that was blinded to treatment assignment and
baseline hsTnl level.

Statistical Analysis

Baseline characteristics stratified by guideline-derived
ASCVD risk group and by hsTnl level are listed in the Table.
Continuous variables within each group are presented as
median and interquartile range and compared using the
Wilcoxon rank sum test. Categorical variables between
ASCVDrisk groups were compared using the x? test. Continu-
ous variables were analyzed by analysis of variance with P for
linear trend, and categorical variables were analyzed using the
Cochran-Armitage test for trend. Three-year event rates were
estimated using the Kaplan-Meier method. Hazard ratios (HRs)
and 95% ClIs were generated using a Cox proportional haz-
ards regression model. Adjusted regression models for the
association of hsTnlI level with clinical outcomes included age,
sex, history of peripheral artery disease, diabetes, hyperten-
sion, smoking, apoB level, prior congestive heart failure, es-
timated glomerular filtration rate, stroke, and coronary ar-
tery bypass graft. The net reclassification index at event rate®!
and integrated discrimination improvement index?? were cal-
culated in models with guideline-derived ASCVD only and with
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Figure 1. Kaplan-Meier Rates for the Primary End Point (a Composite of Cardiovascular [CV] Death, Myocardial Infarction [MI], or Stroke)
by Guideline-Derived Atherosclerotic Cardiovascular Disease (ASCVD) Risk Group and High-Sensitivity Troponin | (hsTnl) Level
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A, Patients meeting clinical criteria for the very high-risk ASCVD group had a
statistically significantly higher rate of CV death, MI, or stroke, with a 3-year
Kaplan-Meier event rate of 8.8% compared with 5.0% in the lower-risk ASCVD
group (hazard ratio [HR], 2.01; 95% Cl, 1.58-2.57; P < .001). B, Stratifying
those with hsTnl levels of 6 ng/L or less into undetectable (<2 ng/L) and low
(2-6 ng/L) levels identified patients with 3-year event rates of 2.8% and 6.0%,

respectively, with a 3-year event rate of 13.5% in patients with hsTnl levels
exceeding 6 ng/L. In the adjusted regression model, compared with patients
with undetectable hsTnl levels, those with hsTnl levels of 2 to 6 ng/L were at

a more than 2-fold higher risk (adjusted HR, 2.38; 95% Cl, 1.47-3.85; P < .001) of
adverse events, and those with hsTnl levels exceeding 6 ng/L were at an almost
5-fold higher risk (adjusted HR, 4.83; 95% Cl, 2.98-7.84; P < .001).

hsTnllevel added. To evaluate the incremental value of hsTnl
level beyond guideline-derived ASCVD risk, the likelihood
ratio test was used.?? All reported P values are 2 sided at a sta-
tistical significance level of .05. All analyses were performed
with SAS software (version 9.4; SAS Institute Inc).

. |
Results

Patients

Of the 8635 patients in this biomarker substudy (eTable 1 in
the Supplement), the median age was 65 years (interquartile
range, 58-71 years), and 6614 (76.6%) were men; 8340 (96.6%)
were White individuals and 176 (2.0%) were Black individu-
als. Based on clinical criteria, 6789 patients (78.6%) were in
the very high-risk ASCVD group, with most (6342 of 6789
[93.4%]) qualifying based on 1 major event and multiple high-
risk conditions and fewer (447 of 6789 [6.6%]) qualifying with
at least 2 major adverse events. The remaining 1846 patients
(21.4%) were in the lower-risk ASCVD group, in which all pa-
tients had 1 major event, 1511 had 1 additional high-risk fea-
ture, and 335 had none. Overall, 8199 of 8635 patients (95.0%)
were receiving statin therapy. Baseline characteristics for the
2 ASCVD groups are listed in the Table.

The median hsTnl level was 4 ng/L (interquartile range,
3-7ng/L). Overall, 7715 of 8635 patients (89.3%) had a detect-
able hsTnlI level (=2 ng/L). Of those with a detectable hsTnl
level, 5028 of 7715 (65.2%) had levels between 2 and 6 ng/L,
and 2687 of 7715 (34.8%) had levels exceeding 6 ng/L. Pa-
tients with baseline hsTnl level exceeding 6 ng/L were more
likely to be older, to be male, and to have comorbidities, in-
cluding prior coronary revascularization, diabetes, hyperten-
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sion, prior congestive heart failure, and chronic kidney dis-
ease (Table).

Very High-Risk ASCVD vs Lower-Risk ASCVD

Of the 8635 patients in this analysis, 610 (7.1%) experienced
a primary end point event (CV death, MI, or stroke). Patients
meeting clinical criteria for the very high-risk ASCVD group
had a statistically significantly higher rate of CV death, MI,
or stroke, with a 3-year Kaplan-Meier event rate of 8.8%
compared with 5.0% in the lower-risk ASCVD group (HR,
2.01; 95% CI, 1.58-2.57; P < .001) (Figure 1A). Statistically sig-
nificant differences were also seen for each of the individual
components, including CV death, MI, or stroke (eTable 2A in
the Supplement).

hsTnl Level and the Primary End Point

When stratifying patients by baseline hsTnlI level, the 3-year
rates for the primary end point for hsTnlI levels of 6 ng/L or less
and greater than 6 ng/L were 5.5% and 13.5%, respectively
(eTable 2B and eFigure 1 in the Supplement). Patients with
lower hsTnl levels were at similar risk of the primary end point
compared with the guideline-derived lower-risk ASCVD group;
however, hsTnllevels exceeding 6 ng/Lidentified patients with
higher event rates than the very high-risk ASCVD group. Fur-
ther stratifying those with hsTnl levels of 6 ng/L or less into
undetectable (<2 ng/L) and low (2-6 ng/L) levels identified pa-
tients with 3-year event rates of 2.8% and 6.0%, respectively
(Figure 1B). In the adjusted regression model, compared with
patients with undetectable hsTnl levels, those with hsTnI lev-
els of 2 to 6 ng/L were at a more than 2-fold higher risk (ad-
justed HR, 2.38; 95% CI, 1.47-3.85; P < .001) for the primary
end point, and those with hsTnlI levels exceeding 6 ng/L were
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Figure 2. Adjusted Hazard Ratio (HR) for the Primary End Point, Myocardial Infarction (MI), Stroke,

and All-Cause Mortality Stratified by High-Sensitivity Troponin I (hsTnl) Level
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atan almost 5-fold higher risk (adjusted HR, 4.83; 95% CI, 2.98-
7.84; P < .001) (eFigure 2 in the Supplement).

Considering the 58.2% (5028 of 8635) of patients with
hsTnl levels between 2 and 6 ng/L to be at average risk for
this ASCVD population, then patients with undetectable
hsTnl levels (<2 ng/L) were at statistically significantly lower
risk (adjusted HR, 0.42; 95% CI, 0.26-0.68; P < .001) of the
primary end point, and patients with hsTnl levels exceeding
6 ng/L were at 2-fold higher risk (adjusted HR, 2.03; 95% CI,
1.71-2.41; P < .001) (Figure 2). In addition, no CV deaths
occurred in patients with an undetectable hsTnlI level
(eFigure 3 in the Supplement).

Integrating hsTnl Level Into the Cholesterol Guidelines

Risk Schema

When patients in the guideline-derived very high-risk
ASCVD group (overall 3-year event rate of 8.8%) were further
risk stratified by hsTnl level, 9.0% (614 of 6789), 57.5%
(3905 of 6789), and 33.4% (2270 of 6789) had an hsTnlI level
less than 2 ng/L, 2 to 6 ng/L, and greater than 6 ng/L, respec-
tively. The 3-year event rates for CV death, MI, or stroke were
2.7% in patients with an hsTnlI level less than 2 ng/L, 6.5% in
patients with an hsTnlI level of 2 to 6 ng/L, and 14.3% in
patients with an hsTnlI level exceeding 6 ng/L (P for trend
<.001) (Figure 3). Of 6789 patients, 614 (9.0%) had discor-
dant ASCVD risk and hsTnlI level (very high clinical risk and
undetectable hsTnl level), a 3-year event rate of 2.7% (<1%
per year), and risk that was less than that of the overall rate
in the guideline-derived lower-risk ASCVD group (Figure 4
and eTable 3 in the Supplement).

Likewise, in the lower-risk ASCVD group (overall 3-year
event rate of 5.0%), hsTnlI levels also provided a further
gradient of risk. In this group, 16.6% (306 of 1846), 60.8%
(1123 0f 1846), and 22.6% (417 0of 1846) of patients had an hsTnl
level less than 2 ng/L, 2 to 6 ng/L, and greater than 6 ng/L, re-
spectively. The 3-year event rates for CV death, MI, or stroke
were 3.1% in patients with an hsTnIlevel less than 2 ng/L, 4.0%
in patients with an hsTnlI level of 2 to 6 ng/L, and 9.1% in
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Figure 3. Three-Year Kaplan-Meier Rates for the Primary End Point

(a Composite of Cardiovascular [CV] Death, Myocardial Infarction [MI],
or Stroke) by Atherosclerotic Cardiovascular Disease (ASCVD) Risk
and High-Sensitivity Troponin | (hsTnl) Level
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Patients in the guideline-derived very high-risk ASCVD group (overall 3-year
event rate of 8.8%) were further risk stratified by hsTnl level. The 3-year event
rates for CV death, MI, or stroke were 2.7% in patients with an hsTnl level less
than 2 ng/L, 6.5% in patients with an hsTnl level of 2 to 6 ng/L, and 14.3% in
patients with an hsTnl level exceeding 6 ng/L (P for trend <.001). Among
patients in the lower-risk ASCVD group (overall 3-year event rate of 5.0%),
hsTnl levels also provided a further gradient of risk. The 3-year event rates for
CV death, M, or stroke were 3.1% in patients with an hsTnl level less than
2ng/L, 4.0% in patients with an hsTnl level of 2 to 6 ng/L, and 9.1% in patients
with an hsTnl level exceeding 6 ng/L (P for trend <.001).

patients with an hsTnlI level exceeding 6 ng/L (P for trend
<.001) (Figure 3). Of 1846 patients, 417 (22.6%) had discor-
dant ASCVDrisk and hsTnlIlevel (lower ASCVD risk and hsTnI
level >6 ng/L) and had a 3-year event rate of 9.1%, compa-
rable to the overall rate in the guideline-derived very high-
risk ASCVD group (8.8%) (Figure 4).

The addition of hsTnllevel to guideline-derived ASCVD risk
led to a statistically significant improvement in the model for
the primary end point (likelihood ratio test P < .001). Addi-
tional metrics of reclassification were also statistically signifi-
cant and are listed in eTable 4 in the Supplement. The addi-
tion of hsTnl to guideline-derived ASCVD risk led to an
improved net reclassification index at event rate of 0.15 (95%
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Figure 4. Reclassification of Cardiovascular Risk With the Addition of High-Sensitivity Troponin I (hsTnl) Level
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MI, myocardial infarction.

CI, 0.10-0.21) and integrated discrimination improvement in-
dex of 0.03 (95% CI, 0.03-0.04). Overall, use of hsTnlI reclas-
sified 1031 of 8635 patients (11.9%) (1 in 11 with very high-risk
ASCVD and 1 in 4 with lower-risk ASCVD), whose guideline-
derived clinical risk assignment would be altered (eTable 5 in
the Supplement).

|
Discussion

This analysis highlights 3 key findings related to the current
AHA/ACC cholesterol management guidelines® risk stratifica-
tion scheme and the potential for integration of hsTnlI testing
into risk stratification. First, the current guidelines’ approach
to risk stratification in patients with ASCVD identifies 2 dis-
tinct groups at different risk for future major CV events. Sec-
ond, hsTnl level alone stratifies risk, as well as the guideline-
derived ASCVDrisk groups. Third, hsTnIlevel provides CV risk
stratification that is additive to the guideline-defined ASCVD
groups and reclassifies risk appropriately.

Not all patients with ASCVD are at equivalent risk and, de-
pending on their severity of disease and comorbidities, may
have differing recommendations for certain therapies. For ex-
ample, the very high-risk ASCVD group has a class ITa recom-
mendation for both ezetimibe and PCSK9 inhibitors, whereas
in lower-risk ASCVD patients there is only a class IIb recom-
mendation for ezetimibe and no recommendation for a PCSK9
inhibitor.® However, if one is preferentially recommending
proven CV therapies to certain groups based on their per-
ceived risk, it is critical to first demonstrate that the defined
group is truly at higher risk, and second that each individu-
al’srisk s classified as accurately as possible to ensure that the
right patients are receiving the desired therapies.

JAMA Cardiology November 2020 Volume 5, Number 11

The first of these 2 key goals was achieved by the recent
AHA/ACC cholesterol management guidelines,® consistent
with other recent work.2* The clinical framework did in fact
identify patients at higher clinical risk, with a 2-fold higher
event rate in our prospective cohort biomarker substudy
population. This relative risk may be an underestimate in
this prior MI population given the absence of patients with-
out a history of any major events. Therefore, the difference
in risk between our 2 study groups may actually be greater
among all ASCVD populations. However, our observed
annualized CV event rate of approximately 3% (8.8%
divided by 3) per year is likely a reasonable estimate for very
high-risk ASCVD.

hsTnl Level and Lipid Therapy

Measurement of hsTnI might easily and affordably identify pa-
tients who are at low, intermediate, and high CV risk using
hsTnI cut points of 2 and 6 ng/L to stratify patients with stable
ischemic heart disease into low-risk (<1% per year), interme-
diate-risk (1%-3% per year), and high-risk (>3% per year) co-
horts. Compared with patients at intermediate (average) risk,
hsTnllevel identifies not only patients who are at 2-fold higher
risk when exceeding 6 ng/L but also those with a statistically
significantly lower risk when less than 2 ng/L. Furthermore,
among the 10.7% (920 of 8635) of patients with an undetect-
able hsTnl level, there were no CV deaths during the approxi-
mate 3-year follow-up in this study.

A key finding of this study is that risk stratification
using hsTnlI appears to be complementary to the 13 clinical
risk factors in the guideline-based ASCVD framework.
Indeed, the addition of hsTnlI level gives a more granular
estimate of CV risk. For example, the very high-risk patients
with ASCVD and an undetectable hsTnlI level have an annu-
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alized CV event rate of less than 1% (2.7% divided by 3) per
year, reclassifying them as very low risk. In contrast, lower-
risk patients with ASCVD and hsTnlI level exceeding 6 ng/L
carry an annualized CV event risk similar to that of the very
high-risk ASCVD group. This approach identifies 20% to
25% of lower-risk patients with ASCVD who might be con-
sidered for ezetimibe or PCSK9 inhibition in the same way
as very high-risk patients with ASCVD. In addition, clinically
very high-risk patients with ASCVD and undetectable hsTnl
levels may warrant management with similar strategies as
those recommended for lower-risk (ie, not very high-risk)
patients with ASCVD. These analyses suggest that incorpo-
rating an inexpensive and widely available biomarker into
ASCVD risk assessment could both improve risk stratifica-
tion and ensure that patients are offered risk-appropriate
medical therapies.

Our findings relative to the current AHA/ACC cholesterol
management guidelines® are consistent with the application
of hsTnl to the 2017 AHA/ACC high blood pressure guidelines.®
Both studies found that the incorporation of hsTnI improves
risk stratification and identifies patients who may warrant more
aggressive preventive therapies. In conjunction with the ac-
cumulated strong and consistent evidence for the predictive
value of hsTnl level in stable patients with ASCVD,'” these find-
ings support consideration of its implementation for risk-
based therapeutic selection in clinical practice.

Original Investigation Research

Limitations

The results of this study must be interpreted in the context of
the study design. All patients in the analysis had a history of MI;
therefore, the findings may not be generalizable to all ASCVD
populations. The analyses were based on a prospective cohort
biomarker substudy of patients with different hsTnl levels, as
opposed to continuous data, which leads to aloss in power. How-
ever, use of cut points is often helpful for clinical decision-
making and structured risk stratification, as in the cholesterol
guidelines risk schema. In addition, these results are based on
a particular hsTnl assay, and we cannot extrapolate to similar
cut points for other troponin assays. This study was an explor-
atory analysis of the 2018 AHA/ACC cholesterol management
guidelines® risk groups, published after the prospective co-
hort biomarker substudy was designed. Some components of
the guidelines’ risk stratification approach were not available,
such as LDL-C level, and apoB level was used as a surrogate.

. |
Conclusions

The findings of this cohort substudy suggest that a strategy
incorporating hsTn testing into a guideline-derived ASCVD risk
algorithm provides enhanced risk stratification and reclassifies
patients into more appropriate risk groups. This application of
hsTn might be used to optimize the care of patients with ASCVD.
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