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Abstract

Background—Current strategies for cardiovascular disease (CVD) risk assessment among adults
without known CVD are limited by suboptimal performance and a narrow focus on only
atherosclerotic CVD (ASCVD). We hypothesized that a strategy combining promising biomarkers
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across multiple different testing modalities would improve global and atherosclerotic CVD risk
assessment among individuals without known CVD.

Methods—We included participants from the Multi-Ethnic Study of Atherosclerosis (MESA,
n=6621) and Dallas Heart Study (DHS, n=2202) who were free from CVD and underwent
measurement of left ventricular hypertrophy by electrocardiogram (ECG-LVH), coronary artery
calcium (CAC), N-terminal pro B-type natriuretic peptide (NT-proBNP), high-sensitivity cardiac
troponin T (hs-cTnT) and high-sensitivity C-reactive protein (hs-CRP). Associations of test results
with the global composite CVD outcome (CVD death, myocardial infarction [MI], stroke,
coronary or peripheral revascularization, incident heart failure or atrial fibrillation) and ASCVD
(fatal or nonfatal MI or stroke) were assessed over > 10 years of follow-up. Multivariable analyses
for the primary global CVD endpoint adjusted for traditional risk factors plus statin use and
creatinine (base model).

Results—Each test result was independently associated with global composite CVD events in
MESA after adjustment for the components of the base model and the other test results (p< 0.05
for each). When the five tests were added to the base model, the c-statistic improved from 0.74 to
0.79 (p=0.001), significant integrated discrimination improvement (0.07, 95% CI 0.06-0.08,
p<0.001) and net reclassification improvement (0.47, 95% CI 0.38-0.56, p=0.003) were observed,
and the model was well calibrated (y2=12.2, p=0.20). Using a simple integer score counting the
number of abnormal tests, compared with those with a score of 0, global CVD risk was increased
among participants with a score of 1 (adjusted HR 1.9, 95% CI 1.4-2.6), 2 (HR 3.2, 95% CI 2.3—
4.4), 3 (HR 4.7, 95% CI 3.4, 6.5) and =4 (HR 7.5, 95% CI 5.2-10.6). Findings replicated in DHS
and were similar for the ASCVD outcome.

Conclusions—Among adults without known CVD, a novel multimodality testing strategy using
ECG-LVH, CAC, NT-proBNP, hs-cTnT and hs-CRP significantly improved global CVD and
ASCVD risk assessment.
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INTRODUCTION

Strategies for cardiovascular disease (CVD) risk assessment among adults without known
CVD remain largely based on traditional atherosclerosis risk factors.! However, these risk
prediction equations provide only moderate discrimination of atherosclerotic cardiovascular
disease (ASCVD) risk.1=3 Moreover, these algorithms typically do not consider risk for
additional cardiovascular events, such as heart failure and atrial fibrillation, which are
increasingly important contributors to the overall burden of CVD in the population. > A
growing body of evidence suggests that preventive interventions such as weight loss,
exercise, and more aggressive blood pressure control may favorably impact not only
ASCVD, but also these other highly relevant CVD outcomes.5-8
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Prior studies have evaluated individual novel risk markers in an attempt to improve CVD
risk prediction, and have identified several promising blood and imaging based
biomarkers.®-20 However, for individual biomarkers, even those independently associated
with outcomes, the incremental improvement in discrimination and risk classification is
typically modest.2!: 22 As a result, investigators have explored combinations of biomarkers
as a potential strategy to augment CVD risk prediction, with mixed results.23-28 Importantly,
these prior studies have mostly combined biomarkers within the same testing modality, such
as panels of genetic variants or circulating protein biomarkers, have frequently studied
biomarkers with limited specificity for cardiovascular disease, and have included
combinations of highly correlated biomarkers.2° To our knowledge, no large studies have
combined the most promising individual biomarkers across multiple different testing
modalities in an attempt to create a risk prediction tool that augments traditional risk factor
strategies.

We hypothesized that a panel combining non-redundant C\VVD biomarkers across multiple
different testing modalities would overcome these limitations and improve CVD risk
prediction. The tests prospectively selected included 12-lead electrocardiography (ECG) for
assessment of left ventricular hypertrophy (ECG-LVH),39-32 coronary artery calcium (CAC)
measurement by computed tomography (CT),11-13 and measurement of N-terminal pro-
brain natriuretic peptide (NT-proBNP)14-16 high sensitivity cardiac troponin T (hs-
cTnT)7-20 and high sensitivity C-reactive protein (hs-CRP).% 10 These tests were selected
because they reflect distinct and relevant pathological processes, multiple reports from
population-based studies demonstrate independent associations of these measurements with
CVD outcomes, and sufficient data exist from which to generate a priori thresholds to define
abnormal test results.

METHODS

Study populations

Study participants were included from Exam 1 of the Multi-Ethnic Study of Atherosclerosis
(MESA) and Phase 1 of Dallas Heart Study (DHS). Both MESA and DHS are ongoing
multi-ethnic population-based cohort studies, with methods previously described.33: 34
Between 2000-2002, MESA enrolled 6814 participants 45-84 years old who were free from
known CVD. For the present study, we excluded participants missing results from any of the
5 tests, with incomplete follow-up, or missing any of the covariates required for the
multivariable analyses, resulting in a final study population of 6621 with complete data for
all covariates (Supplementary Figure 1). A total of 3072 participants from DHS aged 30-65
completed the three DHS phase-1 visits between 2000-2002, including a detailed in-home
survey, laboratory testing, and imaging tests and ECG. For the present study, we excluded
participants with prevalent cardiovascular disease (CVD) at baseline as well as those missing
data on test results or covariates, or with incomplete follow-up, resulting in 2202 participants
with complete data for all covariates (Supplementary Figure 1). MESA was approved by the
Institutional Review Boards of the University of Washington and the participating sites and
DHS was approved by the Institutional Review Board of UT Southwestern Medical Center.
All participants provided written informed consent.
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Data Collection and Variable Definitions

Race/ethnicity, history of CVD and smoking status were self-reported. Detailed descriptions
of variable definitions for hypertension, diabetes, hypercholesterolemia, and low high-
density lipoprotein (HDL) cholesterol have been previously described for MESA 33 and
DHS 3% and are based on conventional clinical definitions.

Multimodality testing

LVH was determined from standard 12-lead ECGs using the Sokolow-Lyon voltage criteria
and defined as present or absent.36 In MESA, CAC scans were performed in duplicate using
either electron beam or multidetector CT.3” CAC scores were expressed in Agatston units
and the mean of the two scans was used. In DHS, CAC measurements were obtained from
electron beam CT scans performed in duplicate 1-2 minutes apart as previously described.38
To minimize false-positive CAC classifications due to tissue-associated artifact, a mean
EBCT score > 10 U was defined as CAC positive status.3® NT-proBNP and hs-cTnT were
measured using the Cobas e601 in MESA and the Elecysys-2010 in DHS8. 39 (both Roche
Diagnostics, Indianapolis, IN). hs-CRP was measured using the BNII nephelometer (Dade
Behring, Inc., Deerfield L) in MESA40 and the Roche/Hitachi 912 System, Tina-quant
assay (Roche Diagnostics) in DHS.4! The following thresholds were prospectively selected
to define elevated biomarker levels: NT-proBNP = 100 pg/mL#2 hs-cTnT = 5 ng/L (the limit
of detection),*3 and hs-CRP = 3 mg/L.* Values below the limit of blank of the hs-cTnT
assay were arbitrarily assigned a level of 1.5 ng/L.

Cohort follow-up and endpoint collection

In MESA, participants were contacted by a telephone interviewer at 9-12 month intervals to
inquire about hospital admissions, CVD diagnoses and deaths. Medical records and death
certificates were requested for all suspected cases, with records obtained in 98% of reported
hospitalized CVD events. In DHS, fatal events were ascertained for all subjects using the
National Death Index. Deaths were classified as cardiovascular if they included International
Statistical Classification of Diseases, 10th Revision (ICD-10) codes 100-199. In the DHS,
two overlapping approaches were used to capture nonfatal events. 1) A detailed health
survey regarding interval cardiovascular events was administered by the Data Coordinating
Center during annual calls to study subjects 2) for subjects providing informed consent
(>90%), quarterly tracking was performed for hospital admissions using the Dallas-Fort
Worth Hospital Council Data Initiative Database that includes all hospital admission data for
70 out of 72 hospitals in the Dallas-Fort Worth area. Primary clinical source documents were
collected and reviewed for all suspected non-fatal cardiovascular events in both MESA and
DHS and were independently adjudicated by blinded endpoint committees. Follow-up data
for both fatal and nonfatal events was complete through 12/31/2012 in MESA and
12/31/2011 in DHS.

Study endpoints

The primary outcome was prospectively defined as time to the first event of a global CVD
composite of CV death, MI, stroke, coronary or peripheral revascularization > 3 months
after enrollment, incident heart failure, or atrial fibrillation. The major secondary endpoint
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was hard ASCVD events, including fatal or nonfatal MI, and fatal or nonfatal stroke.
Tertiary endpoints included CHD (fatal or nonfatal MI), incident heart failure, all-cause
mortality, and CVD mortality. The tertiary endpoints were evaluated with univariable
analyses only in DHS due to small numbers of these events, which precluded multivariable
adjustment. A blanking period of 3 months for revascularization events was used to account
for any influence of the study visit or CAC measurement on revascularization decisions.

Statistical Methods

All analyses were performed separately in MESA and DHS. The analysis strategy
considered the test results as both continuous and categorical variables. In the continuous
variable analyses, CAC, NT-proBNP, hs-cTnT, hs-CRP were modeled as natural log
transformed (Ln) continuous variables, with a value of 1 added to CAC due to large numbers
of zero values, and ECG-LVH was modeled as a dichotomous variable. In the categorical
analyses, all variables were modeled as dichotomous variables using the pre-specified
cutpoints described above. Associations of test results with study outcomes were assessed
using unadjusted and adjusted Cox proportional hazards models, with all covariates
determined apriori. The base model included traditional risk factors: age, sex, race/ethnicity,
smoking status, diabetes, total cholesterol, HDL-cholesterol, systolic blood pressure, blood
pressure medications, and statin use. For the primary global CVD outcome, serum creatinine
was included in the base model, and for the heart failure outcome, both creatinine and body
mass index (BMI) were included in the base model.#%: 46 The first multivariable model
added individual test results to the base model and the second model added all 5 of the test
results to the base model. Assumptions for the Cox proportional hazards models were
verified by Schoenfeld residuals.

Improvement in discrimination and reclassification for the primary global C\VVD outcome and
the secondary ASCVD outcome was assessed by comparing the base model with the model
that included the base model plus the 5 screening tests. Discrimination was assessed using
Harrell’s c-statistic, with confidence intervals determined by a jackknife resampling method.
Improvement in the c-statistic was determined using bootstrap resampling. Integrated
discrimination improvement, reflecting the difference in discrimination slopes between
models with and without the markers, was determined using the failure probabilities from
the Cox-proportional hazards models.4” Category free net reclassification improvement
(NRI) was performed for all endpoints according to methods described by Pencina et al.#8
Calibration of the global CVD and ASCVD models was assessed by the modified Hosmer-
Lemeshow test for time-to-event data. For the primary analyses, coefficients were
determined separately for each model in MESA and DHS. Sensitivity analyses were
performed in which the full multivariable models with continuous biomarker coefficients
from MESA were applied directly to the DHS cohort.

To facilitate clinical application of the multimodality strategy, a simple integer score
counting the number of abnormal screening test results was created, with values ranging
from 0-5. In MESA scores of 4-5 were collapsed and in DHS scores of 3-5 were collapsed,
due to small numbers of participants in the highest risk categories. Cumulative rates of the
primary composite outcome were determined and displayed using the Nelson-Aalen failure
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estimator, with groups compared with the log-rank test. Multivariable adjusted Cox
proportional hazards analyses were performed, adjusting for the variables contained in the
base model. A similar approach using the same integer score was used for secondary and
tertiary endpoints. Unadjusted stratified analyses were performed in subgroups defined by
sex, younger age (men <55, women < 65), race/ethnicity (Black, White, Hispanic), and
estimated 10-year ASCVD risk < 7.5% using the pooled cohort equations.

Statistical analyses were conducted using SAS version 9.4 (SAS Institute, Inc., Cary, North
Carolina), and all p-values are two-sided with an alpha of 0.05. Published SAS macros were
used to assess measures of fit.49

Participant characteristics are detailed in Table 1. Median age at enrollment was 62 years in
MESA and 44 years in DHS. In MESA, over a median 11 years of follow-up, 1026 global
CVD events occurred, including 486 ASCVD events. In the DHS, over a median follow-up
period of 10.3 years, 179 global CVD events occurred, including 96 ASCVD events. The
prevalence of abnormal results on the 5 tests in MESA and DHS is shown in Table 1, and
ranged from 9% for ECG-LVH (in both cohorts) to 45% for hs-CRP (in DHS). The
individual test results were not highly correlated in either MESA or DHS (Supplementary
Tables 1 and 2).

Associations of Test Results with Outcomes

In MESA, each of the 5 tests was associated with the primary global CVD outcome after
adjustment for traditional risk factors and the other test results, with results consistent
whether the tests were considered as continuous variables or using the prospective
dichotomous cutpoints (Table 2). Findings replicated in DHS with the exception that hs-CRP
was not independently associated with global CVVD after multivariable adjustment (Table 2).

Associations of the test results with the secondary composite ASCVD outcomes are shown
in Table 3. In MESA, each of the test results except hs-CRP was independently associated
with ASCVD. In DHS, associations of hs-CRP and hs-cTnT with ASCVD were attenuated
after adjustment for risk factors (Table 3). Associations of the screening tests with tertiary
endpoints were largely concordant in MESA and DHS, with variation seen depending on
which endpoint was evaluated (Supplementary Tables 3—-6). CAC was most strongly
associated with coronary heart disease events, followed by NT-proBNP and hs-cTnT, with
no association seen for ECG-LVH or hs-CRP (Supplementary Table 3). All 5 test results
were independently associated with incident heart failure, with largest hazards seen for NT-
proBNP, ECG-LVH, and hs-cTnT. NT-proBNP demonstrated the largest hazard ratio for
fatal outcomes, followed by hs-cTnT. ECG-LVH associated with CVD mortality, but not all-
cause mortality (Supplementary Tables 3-6).

Evaluation of Risk Prediction Metrics

Addition of the 5 tests to the base model (variables from model 2) improved the c-statistic
for global and ASCVD in both DHS and MESA and for each of the tertiary endpoints in
MESA (P<0.01 for each, Table 4), with the largest increase in c-statistic seen for the global
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CVD and HF endpoints. Addition of the test results also resulted in significant category-free
net reclassification improvement (NRI) and integrated discrimination improvement for the
global CVD endpoint in both MESA and DHS (Table 4). Models including the 5 tests were
well calibrated in both MESA and DHS for both global and ASCVD endpoints
(Supplementary Figures 2 and 3). In exploratory analyses focusing only on the ASCVD
endpoint in MESA, the largest improvement in risk prediction metrics was observed when
CAC was added to the base model, with modest but significant increments beyond CAC in
the c-statistic, NRI, and IDI observed for addition NT-proBNP and hs-cTnT, but not for
addition of ECG-LVH or hs-CRP (Supplementary Table 7).

In sensitivity analyses, the MESA base models and models including all 5 five test results
were applied directly to DHS using coefficients for all variables derived from MESA. In
these analyses, both base models and fully adjusted models had lower c-statistics than the
models in which the coefficients were derived in the DHS dataset. However, improvements
in the c-statistic, NRI, and IDI were similar using the two modeling strategies
(Supplementary Table 8). Calibration remained adequate in DHS when the MESA models
were directly applied (Supplementary Figure 4), but as expected was worse compared with
the models in which coefficients were derived in DHS.

Multimodality risk score

Participants were assigned one point for each abnormal test result, yielding an integer score
ranging from 0-5. The proportion of individuals with scores of 0, 1, 2, 3 or = 4 was 20, 30,
27, 17, and 6 % in MESA and the proportion with scores of 0, 1, 2, and = 3 in DHS was 35,
42,17, and 7 %, respectively (Supplementary Figure 5). A > 20-fold gradient of risk for both
global CVD and ASCVD was observed across higher scores in both MESA and DHS
(Figure 1). In MESA, participants with scores =2 comprised <50% of the cohort but
accounted for 79% of the events. In the younger DHS population, participants with a score
>2 comprised 24% of the cohort but accounted for 58% of events (Supplementary Figure 5).
In both MESA and DHS, consistent graded associations with global CVD and ASCVD risk
were seen with increasing scores across sex and race/ethnic subgroups, and in younger and
lower risk individuals (Figure 2, Supplementary Figure 6).

As expected, higher scores were associated with a greater burden of traditional risk factors
(Supplementary Tables 9 and 10). However, in multivariable analyses accounting for
traditional risk factors, compared with those with a score of 0 in MESA, CVD risk increased
among participants with a score of 1 (HR 1.9, 95% CI 1.4-2.6), 2 (HR 3.2, 95% CI 2.3-4.4),
3 (HR 4.7,95% CI 3.4, 6.5) and = 4 (HR 7.5, 95% CI 5.2-10.6) (Figure 3). Similar graded
associations across higher scores were seen for the secondary ASCVD endpoint and with
tertiary endpoints, with findings most robust for incident heart failure (Figure 3). In the
DHS, higher scores were also associated with Global CVD, ASCVD, and all-cause mortality
in the fully adjusted models (Supplementary Figure 7).

Discussion

In the present study, we combined 5 promising tests for cardiovascular risk stratification
among adults without known CVD: the 12-lead ECG to assess LVH, CAC scanning, and
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measurement of NT-proBNP, hs-cTnT, and hs-CRP. Although this combination of tests
captures multiple well-defined cardiac pathological processes, including cardiac
hypertrophy, coronary atherosclerosis, neurohormonal activation, cardiomyoctye injury and
inflammation, to our knowledge they have not been considered together previously. Each
test provided non-redundant incremental information to traditional risk factors, and when the
test results were combined in a simple integer score, a > 20-fold gradient in risk for the
primary global CVD outcome was seen across the range of scores after > 10 years of follow-
up. The findings were consistent among women, ethnic minorities, younger individuals, and
those at low predicted risk for ASCVD. Results were robust to multivariable adjustment, and
across different CVD endpoints, and performed similarly in two distinct cohorts with
different age ranges and race/ethnic distributions. Discrimination and risk classification were
improved for both global and ASCVD outcomes, and models incorporating the screening
test results were generally well calibrated. These findings provide strong evidence that a
simple strategy including the most promising biomarkers from several different testing
modalities substantially improves CVD risk prediction among individuals without known
CVvD.

CVD risk stratification has traditionally been focused on predicting only CHD events. More
recently, in concert with changes in prevention guidelines, ! 50 the focus of CVD risk
prediction has expanded to include stroke. It is notable that while rates of Ml and stroke
have been steadily declining,®! the prevalence of HF is projected to increase by 25% over
the next 20 years.* Among middle-aged adults, the 10-year risk of incident heart failure is
approximately 10%,52 with lifetime risks of 30-40%.%3 Tools to predict incident HF may
allow targeted therapies to prevent its development, which could have important public
health implications given its associated morbidity and mortality. To date only a single global
CVD risk model has been developed that considers ASCVD and HF together,>* and differs
from our approach as it only contained traditional CHD risk factors as covariates and did not
include AF as part of the global CVD outcome.®* Like HF, AF is rapidly increasing in
prevalence, is difficult to treat once present, and carries substantial costs and morbidity.>: 95
A focus on global CVD risk prediction, incorporating endpoints of HF and AF as was done
in the present study, is likely to become increasingly important. Importantly, global CVD
risk assessment should be considered as a complement and not a replacement for cause-
specific risk estimation (i,e for ASCVD).

Although the individual biomarkers were each associated with the primary composite global
CVD endpoint, they differed in their relative associations with secondary and tertiary CVD
endpoints, as would be expected based on the pathological processes captured by each
biomarker.11: 15.18, 31,39 For example, CAC demonstrated the largest hazard ratio for
ASCVD and CHD events, while NT-proBNP and hs-cTnT were associated with the highest
hazards for all-cause and CVD mortality and heart failure. Importantly, although NT-
proBNP and hs-cTnT were included to enhance global CVD risk prediction, they also
provided independent prognostic value for ASCVD and CHD in MESA. While hs-CRP
provided modest incremental information for the global CVD endpoint and HF endpoints,
this biomarker generally demonstrated the weakest and least consistent associations across
the portfolio of endpoints. Importantly, the multimodality strategy provided robust
discrimination and reclassification for ASCVD as well as global CVD events. Thus, this
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strategy may contribute to more accurate identification of appropriate candidates for
ASCVD preventive therapies, while at the same time capturing risk for broader CVD events.

Several limitations of the present study merit consideration. First, this study was not
designed to determine the optimal number or combination of the screening tests for risk
stratification purposes. The number of potential combinations of the 5 tests is 120, and each
potential combination could be considered for multiple endpoints. Second, the number of
endpoints in the DHS was too low to perform multivariable adjustment for the tertiary
endpoints. However, the adjusted results for the primary and secondary outcomes
demonstrated consistent results compared with MESA, as did unadjusted analyses for the
tertiary endpoints. Finally, we acknowledge that comparing strength of association between
the different tests presents challenges, and can be influenced by the incidence of the different
endpoints and the distributions of the test results in the study cohorts.

The goal of our study was to evaluate prospectively a multimodality risk prediction strategy,
and replicate the findings in a second population-based dataset. We did not design our
primary analyses to validate the MESA multivariable models in DHS, but rather to
determine if the scientific approach replicated in a second data set. We did perform
sensitivity analyses in which the MESA models were applied directly to the DHS, and while
overall performance of the models was modestly impacted (as would be expected), the
improvement in model performance with addition of the 5 tests was generally similar to the
primary analysis approach in which the coefficients were derived in the DHS. The models
from MESA were also less well calibrated when applied to DHS, particularly for the
ASCVD endpoint, although calibration remained adequate. Additional prospective
validation is required before the multivariable models can be considered for clinical
application.

Clinical Implications

Current consensus recommendations support only selective additional testing beyond
traditional cardiovascular risk factors. 22 However, combinations of tests were not assessed
in these guidelines, and the gradients of risk seen with the individual tests considered in
these documents were not as large in magnitude as those seen with the multimodality risk
score in the current study. Our robust findings support the potential value of a multimodality
testing strategy using these markers in sefected individuals in whom additional risk
stratification is desired.

The multimodality testing strategy may help to individualize and more efficiently target
cardiovascular prevention efforts in primary care. Although current prevention guidelines
recommend a risk-based approach only when implementing statin and aspirin therapy, the
role for targeting therapy based on risk in primary prevention is likely to expand in the
future. For example, the Systolic Blood Pressure Intervention Trial (SPRINT) demonstrated
that lowering blood pressure below currently recommended targets was associated with
reduced rates of heart failure and all-cause mortality,8 endpoints that were predicted well by
the tests studied here. The favorable effects of more aggressive blood pressure lowering in
SPRINT were balanced by side effects and some safety concerns, and the resource
implications of broad implementation of lower blood pressure targets would be substantial.

Circulation. Author manuscript; available in PMC 2018 May 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

de Lemos et al.

Conclusion

Page 10

In addition, a novel agent for the management of diabetes, empagliflozin, recently
demonstrated a 38% reduction in death from cardiovascular causes and 35% reduction in
heart failure, with lesser impact on ASCVD endpoints.>6 Targeting empagiflozin to patients
at highest risk for death and heart failure events may be a prudent strategy given the high
cost of the drug. Thus, an individualized, risk-based approach utilizing traditional risk
factors plus biomarkers may be appropriate when determining blood pressure targets or
implementing newer therapies that favorably impact CVVD endpoints beyond ASCVD.

The multimodality strategy could also facilitate targeting of global and disease-specific CVD
prevention efforts as population health care becomes an increasing focus of health care
delivery. For example, among individuals with risk score of 0, global CVD risk was
extremely low in both MESA and DHS (<3% over 10 years in each study), and this large
group of individuals could be managed with a low intensity/low cost approach. On the other
hand, higher scores clearly captured risk not recognized with traditional risk factor
algorithms, as consistent results were seen even among individuals estimated to be at low
risk with the pooled cohort equations. Individuals with scores =2, for example, represented
fewer than half of MESA participants and 1/4 of the younger DHS cohort, yet accounted for
79% and 58% of global CVD events, respectively. A tailored and incrementally more
intensive approach to global CVD risk reduction would be appropriate for individuals with a
greater number of abnormal test results. For example, higher risk individuals could be
referred to lifestyle intervention programs, focusing on improving low fitness and obesity,
which are important contributors to multiple components of the global CVD endpoint.
Triage for cardiovascular specialist evaluation may be considered for the highest risk
individuals, a strategy recently evaluated for a biomarker screening program in primary care
with promising preliminary results. °/ Although each of the 5 tests is available clinically and
thus measurement is currently feasible, larger studies will be needed both to validate the
present findings and also to elucidate the optimal strategy for clinical implementation.
Moreover, additional consideration of costs, both those directly related to the tests and those
engendered by abnormal test results, would be necessary prior to implementation.

A novel multi-modality CVD risk assessment strategy using the non-redundant markers of
ECG LVH, CAC, NT-proBNP, hs-cTnT, and hs-CRP substantially improved global and
atherosclerotic CVD risk stratification among individuals from the general population free
from CVD at study entry. Additional study of preventive strategies incorporating these
complementary tests is indicated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective
What is New?

. We evaluated a novel strategy for assessment of CVD risk among adults
without known CVD that combined promising biomarkers across multiple
different testing modalities, including 12-lead electrocardiography for
assessment of left ventricular hypertrophy, coronary artery calcium, N-
terminal pro-brain natriuretic peptide, high sensitivity cardiac troponin T and
high sensitivity C-reactive protein.

. Each test result provided incremental information with regard to global CVD
risk in the Multi-Ethnic Study of Atherosclerosis (MESA), and a score
containing the 5 results provided robust stratification of global and
atherosclerotic CVD risk, with findings replicated in the Dallas Heart Study.

What are the Clinical Implications?

. Our findings support the potential value of a multimodality testing strategy in
selected individuals in whom additional risk stratification is desired beyond
measurement of traditional atherosclerosis risk factors.

. Additional studies are needed to validate the present findings, determine the
optimal approach to implementation, and address direct and indirect cost
implications of the additional testing.

Circulation. Author manuscript; available in PMC 2018 May 30.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

de Lemos et al.

Global CVD (%)

ASCVD (%)

50,

40-

30

20

10+

50

40-

30

Page 17

— 0 (n=1332[20%))
— 1 (n=2009 [30%])
— 2 (n=1789 [27%])
— 3 (n=1096 [17%))
— >4 (n=395 [6%)])

log-rank p<0.0001

— 0 (n=1332[20%))
— 1 (n=2009 [30%])
— 2 (n=1789 [27%])
— 3 (n=1096 [17%))
— >4 (n=395 [6%)])

log-rank p<0.0001

Circulation. Author manuscript; available in PMC 2018 May 30.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

de Lemos et al.

Page 18

50
— 0 (n=762[35%])
— 1 (n=915 [42%)])
— 2 (n=381[17%]))
401 — =3 (n=144[7%)])
S
g 30; log-rank p<0.0001
(&
©
o]
o) 20
o
10
0‘ T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Years
50-
— 0 (n=762[35%])
— 1 (n=915 [42%])
— 2 (n=381[17%)])
401 — =3 (n=144[7%])
g 30; log-rank p<0.0001
o
>
(&)
»n
< 20+
10
T
N I-— —am e

Years

Figure 1. Kaplan Meir estimates of the rates of the composite global cardiovascular disease
(CVD) and atherosclerotic cardiovascular disease (ASCVD) outcomes stratified by the number

of abnormal test results
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Panel A: Global CVD outcome in MESA. Panel B: ACVD outcome in MESA. Panel C:
Global CVD outcome in DHS. Panel D: ASCVD outcome in DHS.
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Figure 2. Unadjusted association between the number of abnormal test results and the composite
global cardiovascular disease (CVD) and atherosclerotic cardiovascular disease (ASCVD)

outcomes in selected subgroups in MESA

All comparisons are versus participants with a risk score =0. No significant interactions were
seen across subgroups (p>0.05 for each). Younger age is defined as age <55 in men and <65
in women. Low estimated risk is defined as 10-year estimated ASCVD risk < 7.5% using the

pooled cohort equations.

Circulation. Author manuscript; available in PMC 2018 May 30.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

de Lemos et al. Page 21

Number of abnormal test results

Endpoint !
m 1 —
m 2 '
= 3 Global CVD T
! —
m >4 ' ——
-
: .
ASCVD ' ]
E —_—
P ——
) _._
CHD ; R
E —
CHF

_._
[
_.—
+
. ——
All-cause mortality -
+

CV mortality -

[

S dheccccaa

10 100
HR (95% ClI)

0.1

Figure 3. Multivariable-adjusted association between the number of abnormal test results and
cardiovascular endpoints in MESA

All comparisons are versus participants with a risk score=0. All models adjusted for age,
sex, race, smoking status, diabetes, total cholesterol, HDL-cholesterol, systolic blood
pressure and blood pressure medications, and statin medications. The global CVD and
mortality models were additionally adjusted for serum creatinine, and the heart failure
models were additional adjusted for body mass index and creatinine. CVD=cardiovascular
disease; ASCVD=atherosclerotic CVD, CHD=coronary heart disease; CHF=congestive
heart failure; CV=cardiovascular
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Table 1
Baseline characteristics
Variable MESA DHS
N 6621 2202
Age 62 [53, 70] 44137, 52]
Male 47% 44%
Race/ethnicity
White 38% 34%
Black 271% 47%
Hispanic 22% 16%
Asian/Other 12% 2%

BMI 27.6 [24.6,31.2] 28.2[24.6,32.4]
Hypertension 45% 31%
Medication for hypertension | 37% 19%

SBP 124 [112, 140] 121 [112, 133]
DBP 72 [65, 79] 77[71, 84]
Diabetes 13% 9%

Current smoker 13% 27%
Hypercholesterolemia 37% 13%

Statin medication 15% 6%

Lipids

Total Cholesterol

192 [170, 215]

180 [157, 205]

LDL Cholesterol

116 [96, 136]

106 [84, 129]

HDL Cholesterol 48 [40, 59] 48 [40, 58]
Triglycerides 111 [78, 161] 97 [69, 146]
Test Results
ECG-LVH 9% 9%
CAC, Agatston U 010, 86.5] 0.5 [0, 4.3]
CAC>10U 42% 19%

NT-proBNP, pg/mL

53.0 [24.0, 107.7]

27.4[12.7, 56.0]

NT-proBNP =100 pg/mL 27% 11%
Hs-cTnT, ng/L 4.41[3.0,75)] 15[15, 1.5]
hs-cTnT =5 ng/L 44% 14%
Hs-CRP, mg/L 1.9[0.8,4.2] 2.7[1.1,6.2]
Hs-CRP = 3 mg/L 36% 45%
Endpoints

Global CVD 1026 (15.5%) 179 (8.1%)

ASCVD 486 (7.3%) 96 (4.4%)

CHD 314 (4.7%) 61 (2.8%)
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Variable MESA DHS
CHF 252 (3.8%) 28 (1.3%)
All cause death 806 (12.2%) 94 (4.3%)
CV death 183 (2.8%) 46 (2.1%)

Page 23

Continuous variables are presented as median [interquartile range]. BMI=body mass index; SBP=systolic blood pressure; DBP=diastolic blood

pressure; LDL=low density lipoprotein, HDL=high density lipoprotein; ECG=electrocardiogram; L\VVH=left ventricular hypertrophy;

CAC=coronary artery calcium score; NT-proBNP=N-terminal prohormone of B-type natriuretic peptide; hs-cTnT=high sensitivity cardiac troponin
T. CVD=cardiovascular disease; ASCVD=atherosclerotic CVD, CHD=coronary heart disease; CHF=congestive heart failure; CV=cardiovascular
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