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Abstract

Background—N-terminal-pro-B-type natriuretic peptide (NT-proBNP) and cardiac troponin T 

(TnT) predict cardiovascular disease (CVD) risk in a variety of populations. Whether their 

predictive value varies by ethnicity is unknown. We sought to determine: whether NT-proBNP 

and TnT improve prediction of incident coronary heart disease (CHD) and CVD, independent of 

CVD risk factors, in a multi-ethnic population; whether NT-proBNP improves prediction 

compared to the Framingham Risk Score (FRS) or the Pooled Cohort Risk Equation (PCRE); and 

whether a second NT-proBNP further improves prediction.

Methods—NT-proBNP and TnT were measured in 5592 Multi-Ethnic Study of Atherosclerosis 

white, black, Hispanic and Chinese participants (60% nonwhite, mean age 62.3±10.3) in 2000–

2002 and 2004–2005. We evaluated adjusted risk of incident CHD and CVD based on baseline 

and change in biomarker concentration.

Results—Participants were followed through 2011 and incurred 370 CVD events (232 CHD). 

NT-proBNP and TnT concentrations varied by ethnicity. NT-proBNP and TnT were associated 

with an increased risk of events (adjusted HR for CHD [95% CI] for 5th versus other 4 quintiles of 

NT-proBNP, 2.03[1.50–2.76]; HR for CHD for detectable versus undetectable TnT, 3.95[2.29–

6.81]). NT-proBNP improved risk prediction and classification compared to the FRS and the 

PCRE. Change in NT-proBNP was independently associated with events (HR for CHD per unit 

increase in ΔlogNT-proBNP, 1.95[1.16–3.26]). None of the observed associations varied by 

ethnicity.

Conclusions—NT-proBNP and TnT are predictors of incident CHD, independent of established 

risk factors and ethnicity, in a multi-ethnic population without known CVD. Change in NT-

proBNP may add additional prognostic information.
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Introduction

A significant number of individuals who are at risk for developing cardiovascular disease 

(CVD) are not currently identified by traditional screening methods. Blood-based 

biomarkers provide an attractive adjunctive methodology for identifying individuals at 

higher risk for adverse cardiovascular events. Natriuretic peptide (including B-type 

natriuretic peptide [BNP] and the N-terminal fragment of proBNP [NT-proBNP]) and 

cardiac troponin are associated with long-term risk of cardiovascular outcomes in the 

general population.1–13 In addition, measuring serial concentrations of natriuretic peptides 2 

to 3 years may further improve prediction of CVD.9 However, the incidence and prevalence 

of CVD varies by ethnicity within the United States;14 ethnicity may also affect natriuretic 

peptide and troponin concentrations.15 For instance, prior studies have suggested that 

African Americans may have relatively lower natriuretic peptide concentrations compared to 

non-Hispanic whites,15, 16 though other studies have not found any difference.17–19 

Regardless of whether natriuretic peptide concentrations vary by race/ethnicity, little is 
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known about whether their association with incident CVD varies by race/ethnicity. Though 

some studies of natriuretic peptides for CVD risk prediction have focused on non-white 

populations,20 and others have included moderate numbers of a single minority group, there 

are sparse multiethnic data within a single study, and none in Hispanic or Chinese 

populations. In addition, little is known about the prognostic value of troponin and serial 

natriuretic peptide concentrations in various minority groups. The purpose of the present 

analysis was to determine whether NT-proBNP (single and serial measures) and TnT are 

predictive of incident CVD in a diverse cohort from the Multi-Ethnic Study of 

Atherosclerosis (MESA), a prospective, population-based study of white, black, Hispanic, 

and Chinese individuals without clinical CVD at baseline. We also wanted to determine 

whether the addition of these biomarkers to established CVD risk prediction scores, 

including the 2013 American College of Cardiology (ACC)/American Heart Association 

(AHA) Pooled Cohort Equation, could improve performance of the risk score.

Methods

Study Population

MESA is a multicenter, prospective, population-based study that was designed to investigate 

the prevalence, correlates, and progression of sub clinical CVD in asymptomatic individuals 

of four ethnicities in the United States. A detailed description of the study methods has been 

published previously.21 Briefly, between July 2000 and August 2002, 6814 men and women 

who identified themselves as white, African-American, Hispanic, or Chinese, were 45 to 84 

years old, and were free of clinically apparent CVD were recruited from portions of 6 

communities in the United States.

Individuals with a history of physician-diagnosed myocardial infarction (MI), angina, heart 

failure, stroke, or transient ischemic attack, or having undergone an invasive procedure for 

CVD were excluded from participation. The institutional review boards at all participating 

centers approved the study, and all participants gave informed consent. The present analysis 

was approved by the institutional review board of the University of California, San Diego. 

The trial was registered at www.clinicaltrials.gov (Registration Number: NCT00005487).

Of the 6814 MESA participants, 5 were excluded for prevalent CVD; of the remaining 6809 

study participants, consent to participate in industry-funded research and sufficient serum 

from the baseline Exam 1 in 2000–2002 for measurement of NT-proBNP was available in 

5592 (82.1%) (Figure 1). Of these, 4510 were included in serial sample analyses based upon 

complete follow-up without incident CVD through Exam 3 (2004–2005) and sufficient 

serum for a subsequent NT-proBNP.

Primary Outcomes

Details regarding the MESA processes and criteria for identifying, investigating, and 

classifying cardiovascular events have been previously reported.22 Participants were 

followed for clinical events via telephone interview every 9 to 12 months through 2011.
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Outcomes were incident coronary heart disease (CHD), and incident CVD. CHD was 

defined as fatal or non-fatal MI, or resuscitated cardiac arrest. CVD was defined as CHD, 

stroke, or stroke death.

Assay Methods

All samples were stored at −70° C and were thawed prior to testing (maximum of 3 freeze-

thaw cycles). NT-proBNP and cardiac troponin T (TnT) were measured in serum collected 

at the baseline Exam 1 and at Exam 3 using the Elecsys 2010 system (Roche Diagnostics, 

Indianapolis, IN). All analyses were performed at a core lab (Veteran’s Affairs San Diego 

Healthcare System, La Jolla, CA). The TnT assay is a contemporary-sensitive, but not a 

“highly sensitive” troponin assay. Prior studies have shown that measurements of NT-

proBNP using this assay do not change after 5 freeze-thaw cycles.23 Intra-assay and inter-

assay coefficients of variation at various concentrations of NT-proBNP and TnT have been 

previously reported.15, 24, 25 The analytical measurement range for NT-proBNP was 5–

35,000 pg/mL, and for TnT was 0.01–25.0 ng/ml.

Other Covariates

Medical history, anthropometric measurements, and laboratory data for the present study 

were taken from Exam 1 of the MESA cohort (July 2000 to August 2002), as previously 

described.21 Hypertension was defined as systolic blood pressure (SBP) >140 mmHg, 

diastolic blood pressure (DBP) >90 mmHg, or use of antihypertensive medication. Diabetes 

was defined as a fasting glucose ≥126 mg/dL or use of hypoglycemic medications. Current 

smoking was defined as having smoked a cigarette in the last 30 days. Coronary artery 

calcification (CAC) was measured by coronary computed tomography as previously 

described.22 Estimated glomerular filtration rate (GFR) was calculated using the simplified 

Modification of Diet in Renal Disease study formula.26

Statistical methods

Measured variables are presented as means ± standard deviation (SD) or medians 

(interquartile range), as appropriate. NT-proBNP concentrations were not normally 

distributed and were log10-transformed for continuous analyses. Chi-square tests and t-tests 

tests were used to test for differences between quintiles of NT-proBNP in categorical and 

continuous variables, respectively. The Jonckheere-Terpstra test was used to compare 

medians across quintiles of NT-proBNP.

Single-predictor associations between the clinical variables listed in Table 1 and logNT-

proBNP were determined by linear regression analyses; predictors of detectable TnT were 

determined by Spearman’s correlation analyses. Backward multivariable regression analysis 

including variables with significant individual associations was used to determine which 

covariates were independently associated with logNT-proBNP, while backward logistic 

regression analysis was used to determine multivariable associations with detectable TnT; 

race was then entered in stepwise fashion.

Differences in event rates over time by quintile of NT-proBNP, and stratified by ethnicity, 

were plotted with Kaplan-Meier curves, and tested for significance with long-rank tests. For 
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time-to-event analyses, NT-proBNP was modeled both by quintiles and as a log-transformed 

linear variable. Cox proportional hazards models were used to estimate the association 

between initial NT-proBNP and time to the main outcomes of interest (CHD or CVD) after 

adjusting for covariates in a series of models. Model 1 adjusted for demographic factors 

(age, sex, and ethnicity); Model 2 included the covariates of Model 1 plus clinical factors 

(current smoking, family history of heart attack, diabetes, use of statins, use of anti-

hypertensive medication, body mass index, systolic blood pressure, high density lipoprotein 

(HDL)-cholesterol, low density lipoprotein (LDL)-cholesterol, and glomerular filtration 

rate); Model 3 included the covariates of Model 2 plus troponin category (detectable vs. 

undetectable); Model 4 included the covariates of Model 3 plus CAC category (Agatston 

score non-zero vs. zero). In addition, we evaluated 2 other models to determine whether 

logNT-proBNP improves upon 2 established cardiovascular risk scores, and limited the 

analysis to participants not taking cholesterol-lowering medications at baseline. Model 5 

adjusted for the Framingham Risk Score. For CHD outcomes we used the JAMA 

Framingham risk survival model for 10-year risk of hard CHD,27 and for CVD outcomes we 

used the Framingham Global CVD Risk formula for 10-year risk of CVD.28 Model 6 

(calculated only for CVD outcome analyses) adjusted for the Pooled Cohort Equation for 

estimation of 10-year risk of hard atherosclerotic CVD.29 For each of these analyses, NT-

proBNP was modelled both as a continuous variable with the hazard ratio (HR) reported per 

1 unit logNT-proBNP, and also as a categorical variable (HR for the 5th quintile versus the 

other 4 quintiles). Formal and graphical methods were used to test the assumption of 

proportional hazards. Effect modification by race was estimated by testing of appropriate 

multiplicative interaction terms, and by evaluating each ethnic group separately.

The c-statistic, modified for survival-time analyses, was used to assess the incremental gain 

in risk discrimination from the addition of logNT-proBNP to baseline models. Cox model 

increment tests were used to assess whether prediction improved with the addition of logNT-

proBNP. Integrated discrimination improvement (IDI) and the continuous net 

reclassification index (NRI>0) for the addition of logNT-proBNP to each model were 

calculated based on the methods of Pencina et al.30 For discrimination and reclassification 

analyses, we estimated risk at 10 years.

For analyzing serial NT-proBNP concentrations, we modelled the change in NT-proBNP as 

both a continuous and a categorical variable in separate approaches. For the former, we 

determined the difference in logNT-proBNP between the 3rd and baseline visits, and 

adjusted all analyses for baseline logNT-proBNP. For the latter, we adapted the model of 

deFilippi et al and first determined the optimal NT-proBNP cut-point for increased CVD 

risk.9 This was done in 2 ways: first, via receiver operator characteristic (ROC) curve 

analysis, and second, by plotting the adjusted hazard ratio (HR) for each decile of NT-

proBNP (Figure 2). From these analyses, a cut-point of 80 pg/mL was identified visually, 

corresponding to a value between the 7th and 8th decile. For individuals with an initial NT-

proBNP <80 pg/mL, the risk of incident CHD and CVD was determined for: (1) those 

whose subsequent NT-proBNP decreased by at least 25%; and (2) those whose NT-proBNP 

increased by at least 25%, to a concentration ≥80 pg/mL, compared to those with neither 

change. For individuals with an initial NT-proBNP ≥80 pg/mL, the risk of incident CHD 

and CVD was similarly determined for: (1) those whose NT-proBNP decreased by at least 
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25%, to a concentration <80 pg/mL; and (2) those whose NT-proBNP increased by at least 

25%, compared to those with neither change. The 25% threshold for change was based upon 

the reported intra-individual variability of NT-proBNP in stable chronic heart failure 

patients, and the threshold used in previous studies.9, 31

Finally, we developed a simple multimarker score which incorporated serial measurements 

of both NT-proBNP and TnT, and was equal to the number of markers that were persistently 

elevated or rising (0, 1, or 2) at visits 1 and 3. Kaplan Meier curves, Cox proportional hazard 

models, and discrimination and reclassification analyses (based on risk estimated at 7 years) 

are presented, as described above.

Statistical analysis was performed with SPSS version 19.0 (SPSS Inc., Chicago, Illinois). All 

p-values were 2-tailed, and p<0.05 was considered statistically significant. This study was 

supported by the National Heart, Lung, and Blood Institute grant (R01-HL66075-01), the 

Multi-Ethnic Study of Atherosclerosis study contracts (N01-HC-95162, N01-HC-95168, and 

N01-HC-95169), and Roche Diagnostics. The authors are solely responsible for the design 

and conduct of this study, all study analyses, the drafting and editing of the paper and its 

final contents.

Results

Subject Characteristics

The baseline characteristics of participants overall and by quintile of NT-proBNP are shown 

in Table I. The mean age was 62 ± 10 years, and 49% were male. Approximately one 

quarter of participants were African-American and one quarter were Hispanic, while a 

higher percentage were non-Hispanic white and a lower percentage were Chinese-American. 

Nearly half (48%) had a history of hypertension, and 13% had diabetes. The median NT-

proBNP concentration was 54 pg/mL (24–112 pg/mL). Overall, 51% of participants had a 

non-zero CAC score, and 1.5% had detectable TnT (>0.01 ng/mL). African-Americans were 

the most likely to have detectable TnT (2.7%), followed by Hispanics (1.9%) and non-

Hispanic whites (0.9%); Chinese-Americans had the lowest prevalence of detectable TnT 

(0.3%) (p<0.001). Prevalence of detectable TnT still varied significantly by race after 

adjusting for age, sex, and GFR (p<0.001). Supplementary Table I shows the characteristics 

of the 5592 participants included in baseline analyses versus the 1217 who were excluded, 

as well as the 4510 included in the serial sample analyses compared to the 1082 with only a 

single NT-proBNP measurement. Individuals included in baseline analyses were on average 

one year younger, more likely to be male, and varied slightly in other baseline variables 

compared to individuals who were excluded. Individuals included in serial sample analyses 

were somewhat younger and healthier overall, compared to those with only baseline 

measurements.

Univariable and Multivariable Correlates of NT-proBNP and TnT

As expected, individuals with higher NT-proBNP concentrations were older, had lower 

BMI, and were more likely to be female (Tables I and II). They also tended to have a lower 
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GFR, and a higher prevalence of detectable TnT and non-zero CAC score. Non-Hispanic 

white individuals were more likely to have higher NT-proBNP concentrations.

On multivariable analysis, variables that remained associated with higher NT-proBNP were 

older age; female sex; race/ethnicity; higher SBP, HDL-cholesterol; lower DBP, heart rate, 

LDL-cholesterol, and GFR; use of a beta blocker; and detectable TnT (Table II). All 

together, these variables accounted for approximately 40% of the variability in NT-proBNP 

(R2=0.42). African-Americans and Chinese-Americans had lower NT-proBNP 

concentrations compared to non-Hispanic whites and Hispanics, on multivariable analysis.

Multivariable predictors of detectable TnT levels included male sex, race/ethnicity, diabetes, 

lower GFR, and higher NT-proBNP (R2=0.34) (Table II). On multivariable analysis, 

African-Americans were more likely to have detectable TnT while Chinese-Americans were 

less likely.

Baseline NT-proBNP, TnT, and Outcomes

Participants were followed for a median of 10.2 (1.1) years and a maximum of 11.5 years. 

During this time there were 232 (4.1%) incident CHD events (71 fatal) including 221 

participants with MI and 19 with resuscitated cardiac arrest; and 370 (6.6%) incident CVD 

events (102 fatal), including 156 strokes (some participants had more than one event). Event 

rates were highest for Hispanics (5.0 and 8.2 events per 1000 person-years for CHD and 

CVD, respectively), and lowest for Chinese-Americans (2.3 and 3.9 events per 1000 person-

years).

On Kaplan Meyer analysis, higher concentration of NT-proBNP was associated with an 

increased risk of incident CHD and CVD (p<0.01 for both), with an especially high risk seen 

for those in the highest quintile (Figure 3, A & E). When stratified by ethnic group results 

were similar (Figure 3, B–D & F–H).

Multivariable Cox proportional hazard models were used to evaluate the adjusted risk of 

CHD or CVD for the highest quintile versus the other 4 quintiles (Table III), as well as for 

each unit increase in logNT-proBNP (Supplementary Table II). After adjusting for age, sex, 

and ethnicity, NT-proBNP was strongly and significantly associated with both CHD and 

CVD (Model 1). This association remained strong after further adjusting for clinical 

variables (Model 2) and TnT (Model 3). In these models, TnT was also an independent 

predictor of both outcomes. Individuals with detectable TnT had a 4.0 times increased risk 

of CHD (95% confidence interval [CI] 2.3–6.8, p<0.001), and a 3.0 times increased risk of 

CVD (95% CI 1.8–4.8, p<0.001) compared to individuals with undetectable TnT. With the 

further addition of CAC score (Model 4), all three markers (NT-proBNP, TnT, and CAC) 

remained independently and significantly associated with both outcomes.

No differences in the associations of NT-proBNP or TnT were observed among ethnicities 

for either outcome (tests of interaction: p>0.10 for all), though there was insufficient power 

to detect significant differences in some ethnicities, and the relative strengths of NT-proBNP 

versus TnT appeared to vary by ethnic group.
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Baseline NT-proBNP and Improvement in Model Performance

To assess model accuracy, the c-statistic was calculated for each model without and then 

with the addition of NT-proBNP. As shown in Table IV, the addition of NT-proBNP to the 

model with clinical risk factors modestly improved the c-statistic from 0.758 to 0.770 for 

CHD (p<0.001), and from 0.760 to 0.769 (p<0.001) for CVD. The IDI was also calculated, 

and showed that NT-proBNP improved risk discrimination compared to clinical risk factors 

alone, for both outcomes. Finally, we assessed the ability of NT-proBNP to improve risk 

classification using the continuous NRI>0. The use of NT-proBNP on top of clinical risk 

factors resulted in a net 27% improvement in classification of CHD risk, and a net 20% 

improvement in classification of CVD risk (p<0.001 for both). The reclassification 

improvement in both cases resulted from a combination of accurate upward reclassification 

of risk among individuals who went on to have events (the “event NRI”), as well as from 

correct downgrading of risk among individuals who remained event-free (the “non-event 

NRI”).

Addition of NT-proBNP to Established Risk Scores

We also evaluated whether the addition of a baseline NT-proBNP could improve the 

prognostic ability of 2 established cardiovascular risk scores, the Framingham Risk Score 

(Model 5) and the Pooled Cohort Risk Equation (Model 6) for estimation of 10-year 

cardiovascular risk. For these 2 models, analyses were limited to the 4630 participants not 

taking cholesterol-lowering medications at baseline. Among all participants taken together, 

as well as among each ethnicity separately, NT-proBNP significantly and independently 

predicted incident CHD and CVD, above and beyond the Framingham Risk Score (Table 

III). To a lesser degree, NT-proBNP was also a significant independent predictor of CVD 

events after adjusting for the Pooled Cohort Risk Equation (Table III).

Risk discrimination was improved with the addition of NT-proBNP to the Framingham Risk 

Score (c-statistic for CHD went from 0.739 to 0.767, p<0.001; CVD, 0.744 to 0.762, 

p<0.001), and was slightly improved when added to the Pooled Cohort Equation (0.753 to 

0.757, p<0.001) (Table IV). A similar pattern was seen when discrimination was assessed 

using the IDI. NT-proBNP also improved reclassification compared to the Framingham Risk 

Score, and resulted from improvement in both the event and the non-event NRI. In contrast, 

the improvement in reclassification seen with the addition of NT-proBNP to the Pooled 

Cohort Equation resulted entirely from an increase in the event NRI.

Changes in NT-proBNP Over Time and Outcomes

Characteristics of the participants based on change in NT-proBNP over a mean of 3.2 ± 0.3 

years are shown in Supplementary Table III. Change in NT-proBNP varied by ethnicity. 

Non-Hispanic whites were more likely than other ethnic groups to have a significant 

decrease, while African-Americans were more likely to have a significant increase in NT-

proBNP.

The rate of incident CHD and CVD based upon change in NT-proBNP is shown in Figure 4. 

Regardless of initial NT-proBNP, an increase of at least 25% on serial measurement was 

associated with an increased incidence of CHD and CVD. Individuals with an initially 
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elevated NT-proBNP ≥80 pg/mL whose concentration dropped by at least 25% to a value 

<80 pg/mL had a lower incidence of events than those whose concentration failed to 

significantly drop. Among individuals with an initially low concentration, a 25% or higher 

drop in NT-proBNP did not further reduce the incidence of future events. On multivariable 

Cox proportional hazard analyses, a similar pattern was seen (Table V).

When change in NT-proBNP was modelled as a continuous variable it was a significant 

independent predictor of both outcomes above and beyond clinical risk factors, TnT, and 

CAC score (Table V). The predictive utility of change in NT-proBNP did not vary by 

ethnicity (p-value for interaction: 0.47 for CHD, and 0.66 for CVD). The incremental gain in 

model performance with the addition of change in NT-proBNP to the clinical risk score, 

however, was modest. There was significant improvement in the c-statistic (from 0.770 to 

0.789 for CHD, and from 0.769 to 0.777 for CVD, p<0.001 for both). While the NRI>0 

showed significant improvement in overall reclassification (net gain of 27% for CHD and 

20% for CVD), there was only improvement in reclassification for non-events.

Multimarker Score

Using serial sampling of NT-proBNP and TnT from visit 1 and visit 3, there was an 

incremental risk associated with the number of markers (0, 1, or 2) that were persistently 

elevated or rising (Supplementary Figure 1, and Supplementary Table IV). Addition of the 

multimarker score to a model that included baseline NT-proBNP and change in NT-proBNP 

resulted in modest improvement in risk discrimination as assessed by the c-statistic (for 

incidence CVD more so than for CHD) and in both the event and non-event NRI 

(Supplementary Table V).

Discussion

In this large, multi-ethnic cohort of asymptomatic individuals, NT-proBNP is a significant 

independent predictor of incident CHD and CVD above and beyond clinical risk factors, and 

provides complementary information to TnT and CAC score, irrespective of ethnicity. 

Furthermore, a second NT-proBNP measurement approximately 3 years later further 

improves prediction among all ethnic groups studied.

A few previous studies have evaluated the prognostic utility of serial NT-proBNP 

measurements. A study of 817 community-dwelling 70 year-olds from the PIVUS study 

found that an increase in NT-proBNP over 5 years was associated with increased mortality, 

while none of the 45 subjects with decreasing NT-proBNP died in the ensuing 5 years.32 

Among older, predominantly white and African-American community-dwelling individuals 

(mean age 73 years) from the Cardiovascular Health Study (CHS), NT-proBNP 

concentrations were found to fluctuate, and these fluctuations indicate a change in risk in the 

same direction as the change in biomarker.9 In that study, the optimal cut-point was 190 

pg/mL. In the present study of younger individuals, the optimal cut-point was expectedly 

lower (80 pg/mL). We found a similar pattern as was seen in the CHS. Individuals with an 

initially low NT-proBNP whose subsequent concentration increased, as well as individuals 

with initially high concentrations whose concentrations persisted or increased, each showed 

a graded increase in risk. On the other hand, individuals with an initially low NT-proBNP 
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(<80 pg/mL) whose subsequent concentration was even lower did not have a concordant 

drop in their already low risk. Our study adds to the earlier literature by extending the 

predictive utility of serial NT-proBNP measurements in asymptomatic individuals to 

multiple ethnic groups, and demonstrates that the risk of CHD and CVD associated with this 

biomarker can be interpreted without specifically accounting for race or ethnicity.

We have previously shown that NT-proBNP concentrations in asymptomatic individuals 

vary by ethnicity, and are predictive of incident congestive heart failure across ethnicities, 

independent of heart failure risk factors, left ventricular hypertrophy, and interim MI.15 This 

study demonstrates that in addition to heart failure, individuals with elevated NT-proBNP 

(or TnT) are also at risk for atherosclerotic cardiovascular disease, with a similar association 

strength. The relative contribution of stroke to the overall CVD outcome was not 

specifically evaluated in this study, but is a subject of interest for future investigations.

In the present study, detectable TnT was predictive of incident CHD and CVD overall as 

well as among individual ethnic groups, although conclusions could not be drawn for 

Chinese-Americans in whom there was a very low prevalence of detectable troponin. These 

findings are notable given that we used a contemporary, clinically relevant TnT. Prior 

studies have suggested that the difference in troponin concentrations between healthy US 

and Asian populations is very small after adjusting for other clinical factors.33, 34 We found 

that African-Americans had a higher prevalence and Chinese-Americans had a lower 

prevalence of detectable TnT than non-Hispanic whites, which was not explained by other 

measured covariates.

Despite its predictive ability, the overall low prevalence of detectable TnT in this study 

limited its clinical value. The addition of TnT to a prediction model that included clinical 

risk factors and NT-proBNP resulted in a reduction in the accuracy of risk classification (i.e. 

a negative NRI). This misclassification was the result of undetectable troponin among 

individuals who went on to develop events. With only 1.5% of individuals having detectable 

TnT, the assay was likely not sensitive enough to detect subclinical risk among most of the 

at-risk individuals in this population. On the other hand, our multimarker score, which 

incorporated serial TnT measurements, resulted in significant improvement in 

reclassification compared with clinical risk factors and serial NT-proBNP measurements. It 

is possible that troponin would have even better predictive performance if we had used a 

highly sensitive troponin (with detectable concentrations in 50% or more of the 

population),35 instead of a “contemporary-sensitive” troponin, which would allow for finer 

distinctions in troponin concentrations. Future studies evaluating highly sensitive troponin in 

MESA participants will be able to better inform us about the correlates and predictive value 

of cardiac troponin among various ethnic groups. In addition, prior studies of community-

dwelling individuals have suggested that troponin is more predictive of incident congestive 

heart failure than of future atherosclerotic CVD.10 Heart failure was not included as an 

outcome in the present analyses.

A novel aspect of this study is our evaluation of whether NT-proBNP could improve upon 

the predictive ability and performance of the Framingham Risk Score or the Pooled Cohort 

Risk Equation. The Pooled Cohort Risk Equation was recently adopted as the preferred 
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method for evaluating 10-year CVD risk and for determining an individual’s eligibility for 

statin therapy, by the 2013 guidelines of the ACC and the AHA for the management of 

cholesterol.29 The new recommendations have come with some degree of controversy.36 A 

major point of contention is the notion that, based upon the new prevention guidelines, a 

very large number of people will be eligible for statin therapy (up to 49% of all adults, and 

87% of men 60 to 75 years) despite the fact that a large number of these will never actually 

experience a cardiovascular event.37 Thus, there is a potential role for a biomarker that could 

accurately result in downgrading of risk. We found that the addition of NT-proBNP 

significantly improved predictive ability and model performance of the Framingham Risk 

Score. The effect when NT-proBNP was added to the Pooled Cohort Risk Equation, 

however, was modest, and resulted in significant improvement of only the event, but not the 

non-event NRI. According to these results, in a population like MESA, NT-proBNP would 

not be useful for accurately downgrading risk or refining statin recommendations as 

determined by current guidelines.

This study has several limitations and strengths. Limitations include the limited number of 

events when participants were stratified by race and by category of change in NT-proBNP. 

Because of this, we were unable to reliably estimate risk for Chinese-Americans. Also, 

consistent with prior MESA publications, we focused on hard CHD and CVD endpoints; the 

absence of intermittent claudication and heart failure from our composite CVD endpoint, 

both of which were included in the Framingham Global CVD composite endpoint, may limit 

the utility of comparisons between risk models.28 In addition, we used a contemporary-

sensitive – but not highly sensitive – cardiac troponin assay. Despite the lower prevalence of 

detectable troponin with this assay compared with highly sensitive assays, we nonetheless 

found strong and significant associations between TnT and outcomes. We would expect the 

association to be even stronger if a more sensitive assay were used. Use of this assay could 

also be regarded as a strength, in that it is a clinically relevant marker used regularly in daily 

practice. Other strengths of the present study include its prospective design and the well-

characterized cohort with rigorous adjudication of outcomes.

Conclusions

Among asymptomatic individuals of multiple ethnicities, NT-proBNP and TnT are 

significant, independent predictors of incident CHD and CVD above and beyond clinical 

risk factors. Change in NT-proBNP may provide additional prognostic information. Whether 

these biomarkers can meaningfully improve upon current methods of risk stratification for 

primary CVD prevention is not clear.
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Figure 1. 
Flow diagram of MESA participants
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Figure 2. 
Adjusted hazard ratios for incident CHD (A) and CVD (B) by decile of NT-proBNP. Hazard 

ratios are adjusted for age, sex, race, current smoking (Y/N), family history of heart attack, 

diabetes, use of anti-hypertensive therapy, use of statin therapy, body mass index, systolic 

blood pressure, LDL-cholesterol, HDL-cholesterol, and glomerular filtration rate.
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Figure 3. 
Kaplan-Meier plots based on quintile of NT-proBNP, by ethnicity. The plots show risk of 

incident CHD and CVD among (A, E) all participants, (B, F) non-Hispanic whites, (C, G) 

African Americans, and (D, H) Hispanics.
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Figure 4. 
Incidence rate of CHD (A) and CVD (B) based on change in NT-proBNP. Change in NT-

proBNP is defined among those with a baseline NT-proBNP ≥80 pg/ml as a decrease in NT-

proBNP of at least 25% or an increase of at least 25% to a concentration ≥80 pg/ml. Change 

in NT-proBNP is defined among those with a baseline NT-proBNP <80 pg/ml as either a 

decline of at least 25% to a concentration <80 pg/mL or an increase of >25%.
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