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Abstract

Background—Current prevention guidelines recommend using the Pooled Cohort Equation 

(PCE) for 10-year atherosclerotic cardiovascular disease (CVD) risk assessment. However, the 

PCE has serious limitations in older adults: it excludes heart failure (HF) hospitalization, estimates 

10-year risk which may not be the most relevant time frame, and is not indicated for individuals 

aged >79 years.

Objectives—To determine whether adding biomarkers to PCE variables improves global CVD 

(coronary heart disease [CHD], stroke, and HF) risk prediction in older adults over a shorter time 

period.

Methods—Atherosclerosis Risk in Communities Study participants without prevalent CVD 

including HF (n=4760; mean±SD age=75.4±5.1 years) were followed for incident global CVD 

events. Adding N-terminal pro–B-type natriuretic peptide, high-sensitivity cardiac troponin T, and 

high-sensitivity C-reactive protein to the PCE and a “lab model” with the biomarkers, age, race, 
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and gender were assessed for prediction improvement. Area under the receiver operating 

characteristic curve (AUC) and net reclassification index (NRI) were calculated.

Results—Over median follow-up of ~4 years, incident HF was the leading CVD event (n=193 vs 

118 CHD and 81 stroke events). Compared to the PCE, each biomarker improved risk prediction. 

The largest improvement in risk prediction metrics was with the addition of all 3 biomarkers 

(ΔAUC 0.103; continuous NRI 0.484). The lab model also performed better than the PCE model 

(ΔAUC 0.091, continuous NRI 0.355).

Conclusions—Adding biomarkers to the PCE or a simpler “lab model” improves short-term 

global CVD risk prediction and may be useful to inform short-term preventive strategies in older 

adults.
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Introduction

The American College of Cardiology (ACC)/American Heart Association (AHA) 

cholesterol (1) and hypertension (2) guidelines recommend using the Pooled Cohort 

Equation (PCE) to estimate a 10-year risk for atherosclerotic cardiovascular disease 

(ASCVD) events to guide the decision-making process for both the initiation and intensity 

of pharmacotherapy in the management of cholesterol and blood pressure. However, 

application of the PCE is limited in older adults. The PCE does not include heart failure 

(HF) hospitalization, a leading cardiovascular disease event in older populations (4). 

Moreover, a 10-year time frame may be less relevant for older adults given competing causes 

of mortality besides ASCVD events. Further, the PCE is not recommended in individuals 

>79 years of age because of insufficient data in this population from the pooled cohorts, 

including the Atherosclerosis Risk in Communities (ARIC) study.

The guidelines recommend clinician–patient discussions in lieu of definitive primary 

prevention recommendations for individuals aged >75 years. However, it is difficult to 

discuss potential benefits and risks of therapy without comprehensive risk assessment. The 

association of traditional risk factors with ASCVD events may be less robust in older adults 

(5), which may be secondary to the high prevalence of risk factors in older adults; hence, 

comprehensive risk assessment in these individuals may warrant use of additional measures 

beyond traditional risk factors. A high-sensitivity cardiac troponin T (hs-cTnT) assay, 

approved in 2017 in the United States for clinical use in detection of acute coronary 

syndromes, can measure plasma concentrations that are 10-fold lower than widely used 

fourth-generation assays (6). In prior studies, the addition of both hs-cTnT and N-terminal 

pro–B-type natriuretic peptide (NT-proBNP) improved risk prediction for incident coronary 

heart disease (CHD) and HF beyond traditional risk factors used in the ARIC study risk 

equations for CHD and HF (6,7).

Evidence is limited on the use of these biomarkers for assessing risk for incident CHD, 

stroke, and HF in older adults being treated with contemporary medical therapy. We 
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hypothesized that addition of three candidate biomarkers—hs-cTnT, NT-proBNP, and high-

sensitivity C-reactive protein (hs-CRP)—to the PCE clinical variables would be a better 

model for risk prediction of global CVD events (including CHD, stroke, and HF) over a 

shorter time frame than 10 years.

Methods

See also Online Supplement.

Study Population

The ARIC study is a prospective community-based study of CVD incidence in 15,792 

middle-aged (45–64 years at visit 1) adults recruited from four U.S. communities in 1987–

1989. A detailed description of the ARIC study design and methods has been published 

elsewhere (8). This study was conducted among individuals who participated in ARIC visit 

5 (aged 69–88 years), conducted between June 1, 2011, and August 30, 2013. Of 6,538 

individuals who completed visit 5, we excluded those with self-reported race neither African 

American nor Caucasian (n=18), any African American participants at the Minnesota and 

Washington County field centers (n=24) because of small enrollment numbers, individuals 

with missing data for NT-proBNP, hs-cTnT, or hs-CRP (n=298), and those with prevalent 

CHD (n=874), prevalent ischemic stroke (n=148), prevalent HF (n=220), history of HF 

(n=92), or missing information on HF (n=104). Thus, a total of 4,760 individuals were 

included in all analyses (Figure 1).

Prevalent CHD, stroke, and HF were defined as self-reported myocardial infarction, 

ischemic stroke, or HF before ARIC visit 1 or adjudicated myocardial infarction (including 

silent myocardial infarction), coronary revascularization, stroke, or HF between ARIC visits 

1 and 5 based on detailed review of abstracted medical records (9–12). Medical history, 

demographic data, anthropometric data, blood pressure measurements, and fasting lipid 

assessments were obtained during ARIC visit 5 at the same time as the blood draw for the 

biomarker measurements. Lipid measurements were performed on fasting plasma samples 

that were stored at −70°C with ethylenediaminetetraacetic acid as the anticoagulant. Plasma 

total cholesterol, high-density lipoprotein cholesterol, and triglycerides were measured using 

enzymatic measures (13). Low-density lipoprotein cholesterol was calculated using the 

Friedewald equation (14). Diabetes mellitus was defined as a fasting glucose level ≥126 

mg/dL, a self-reported physician diagnosis of diabetes, or use of diabetes medications. 

Hypertension in the ARIC study is defined as systolic blood pressure ≥140 mm Hg or 

diastolic blood pressure ≥90 mm Hg or use of blood pressure–lowering therapies.

Research protocols were approved by institutional review boards at each center; all 

participants provided written informed consent.

Biomarker Measurements

hs-cTnT was measured in 2013 using a highly sensitive assay (Elecsys Troponin T Gen 5 

STAT; Roche Diagnostics, Indianapolis, IN, USA) in stored samples that were collected at 

visit 5. As per the manufacturer package insert, the limit of detection of this assay is 5 ng/L 

and limit of quantification is 6 ng/L. We measured NT-proBNP using 
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electrochemiluminescent immunoassay (Roche Diagnostics) with a measurement range of 

5–35,000 pg/mL and a limit of quantification of 35 pg/mL (7). Participants with NT-proBNP 

and hs-cTnT levels below the lower limits of detection were assigned values equal to half the 

lower limits of detection. The interassay coefficient of variance for hs-cTnT was 6.4% for a 

mean control level of 29 ng/L. The interassay coefficient of variance for NT-proBNP was 

7.4% for a mean control level of 134 pg/mL. The variability in NT-proBNP and hs-cTnT 

concentrations related to frozen storage and freeze–thaw cycles as well as the reliability 

coefficient and interassay coefficient of variance for other biomarkers have been described 

previously (15). hs-CRP levels were assessed by the immunoturbidimetric CRP-Latex (II) 

high-sensitivity assay (Denka Seiken, Tokyo, Japan) using a Hitachi 911 analyzer (Roche 

Diagnostics).

Outcomes Assessed

The methods of assessing incident CVD in the ARIC study have been described previously 

(9–12). Briefly, medical records were abstracted for all CVD outcomes (CHD, stroke, and 

HF) and adjudicated by an endpoints committee; incident CHD events included fatal CHD, 

definite or probable myocardial infarction, silent myocardial infarction between 

examinations as determined by electrocardiography, and coronary revascularization. Incident 

stroke events included ischemic and thrombotic strokes, defined as validated definite or 

probable hospitalized embolic or thrombotic strokes. HF hospitalization consisted of definite 

and probable acute decompensated HF based on medical chart review of signs and 

symptoms of decompensation, elevation of natriuretic peptides, cardiac systolic and/or 

diastolic dysfunction, and HF-specific therapy by certified physicians (12). Deaths were also 

ascertained via active surveillance.

Incident global CVD was defined as a composite of incident CHD, incident stroke, and 

incident HF hospitalization; incident ASCVD was defined as a composite endpoint of 

incident CHD and incident stroke. All outcomes were assessed after ARIC visit 5 with 

follow-up through December 31, 2015. The median (25th, 75th percentile) follow-up period 

for each outcome was global CVD 3.55 (3.11, 4.03) years, ASCVD 3.56 (3.15, 4.03), 

incident CHD 3.57 (3.16, 4.04) years, stroke 3.57 (3.17, 4.04) years, and HF 3.56 (3.15, 

4.04) years.

Statistical Analysis

Descriptive data were presented as the mean±SD for normally distributed variables and 

median (25th, 75th) for non-normally distributed variables. Log-transformed variables are 

also described using geometric mean (95% confidence intervals [CIs]). All three biomarkers 

(hs-cTnT, NT-proBNP, and hs-CRP) were modeled as both categorical and continuous 

variables. Continuous associations were tested for linearity. For the categorical analysis, we 

used splines to verify cut-points. Each biomarker concentration was divided in three 

categories: hs-cTnT <6 ng/L, 6–13 ng/L, and ≥14 ng/L; NT-proBNP <100 pg/mL, 100–299 

pg/mL, and ≥300 pg/mL; and hs-CRP <1 mg/L, 1–<3 mg/L, and ≥3 mg/L.

Incidence rates were calculated as events per 1000 person-years. Using Cox proportional 

hazards models, we estimated the hazard ratios (HRs) and 95% CIs for the associations of 
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hs-cTnT, NT-proBNP, and hs-CRP with the primary global CVD outcome, as well as the 

secondary outcome of ASCVD and tertiary outcomes of incident CHD, incident stroke, and 

incident HF. Model 1 was adjusted for all variables included in the PCE (age, gender, race, 

systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, 

antihypertensive medication use, current smoking, and diabetes mellitus). Model 2 included 

all the variables in model 1 plus estimated glomerular filtration rate. P-values for trends were 

calculated.

To assess the utility of hs-cTnT, NT-proBNP, and hs-CRP for risk stratification and 

prediction, we used statistical measures of discrimination including the area under the 

receiver operating characteristic curve (AUC) (16), net reclassification index (NRI), and 

integrated discrimination index (IDI) (17) to calculate the incremental value of adding the 

individual biomarkers separately to the “PCE model” (including all variables of the PCE risk 

equation) and then all three biomarkers to the PCE model (“complete model”). Further, we 

tested the performance of the PCE model against a basic model (including age, gender, and 

race) and the “complete model.” A simple “lab model” that included age, gender, race and 

all three candidate biomarkers was also tested against the PCE model. Kaplan–Meier 

estimate was applied to calculate absolute risk over the 4-year follow-up period. We then 

described the 4-year risk of global CVD events for the various models by deciles of 

estimated risk and the estimated percentage of global CVD events occurring within each 

decile.

Results

Baseline characteristics of the included population are shown in Table 1. The mean age of 

the population was 75.4±5.1 years, and 62.3% were women (Table 1). Approximately 50% 

of the cohort was on lipid-lowering agents, 45% on statins, 66% on aspirin, and 70% on 

antihypertensive treatment. Incident global CVD, ASCVD, and HF events occurred in 7.1 % 

(n=336), 4.1% (n=195), and 4.1 % (n=193) of the population, Baseline characteristic across 

each biomarker category are shown in Online Tables 1A–C.

When examined as continuous variables, both hs-cTnT and NT-proBNP were significantly 

associated with each outcome, whereas hs-CRP showed less robust associations (Online 

Tables 2–3). In model 1 (PCE variables), hs-cTnT was significantly associated with incident 

global CVD (HR=2.10 [95% CI 1.73–2.54]), ASCVD (HR=1.61 [95%CI 1.25–2.09]), CHD 

(HR=1.71 [95% CI 1.23–2.37]), stroke [HR=1.49 [95% CI 1.00–2.22]), and HF (HR=2.86 

[95% CI 2.24–3.65]). NT-proBNP also was significantly associated with incident global 

CVD (HR=2.05 [95% CI 1.83–2.29]), ASCVD (HR=1.48 [95% CI 1.27–1.72]), CHD 

(HR=1.52 [95% CI 1.26–1.84]), stroke (HR=1.43 [95% CI 1.12–1.81]), and HF (HR=2.87 

[95% CI 2.49–3.31]). hs-CRP was significantly associated with incident global CVD 

(HR=1.29 [95% CI 1.16–1.43]), ASCVD (HR=1.15 [95% CI 1.00–1.32)], CHD (HR=1.21 

[95% CI 1.01–1.44]), and HF (HR=1.39 [95% CI 1.21–1.60]), but not incident stroke 

(HR=1.07 [95% CI 0.86–1.34], p=0.52).

In the categorical analysis (Online Table 3), the HRs for all outcomes significantly increased 

across increasing concentrations of hs-cTnT. The highest category of hs-cTnT (≥14 ng/L) 
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showed the highest risk for each outcome: HRgCVD=5.40 (95% CI 2.97–9.80), 

HRASCVD=3.94 (95% CI 1.83–8.48), HRCHD=3.79 (95% CI 1.43–10.00), HRstroke=4.52 

(1.30–15.69), and HRHF=8.17 (3.46–19.30). The 4-year absolute risk for global CVD, 

ASCVD, CHD, stroke, and HF events also significantly increased in a graded manner across 

hs-cTnT categories, with the highest absolute risk for global CVD (15% [95% CI 12–17]) 

for individuals with hs-cTnT ≥14 ng/L.

NT-proBNP was also robustly associated with global CVD and ASCVD as well as incident 

CHD, stroke, and HF in a graded manner (Online Table 3). As with hs-cTnT, the highest 

category of NT-proBNP (≥300 pg/mL) had the strongest association: HRgCVD=5.18 (95% 

CI 3.78–7.09), HRASCVD=2.74 (95% CI 1.82–4.15), HRCHD=2.98 (95% CI 1.75–5.06), 

HRstroke=2.59 (95% CI 1.36–4.94), and HRHF=11.33 (95% CI 7.17–17.92). The 4-year 

absolute risk for each outcome significantly increased across increasing NT-proBNP levels, 

with the highest 4-year absolute risk for global CVD (20% [95% CI 17–24]) in the highest 

category.

The association of hs-CRP concentrations in the highest category (≥3 mg/L) with events was 

significant for incident global CVD events (HRgCVD=1.77 [95% CI 1.29–2.44]) and HF 

(HRHF=2.61 [95% CI 1.61–4.22]). The 4-year absolute risk increased across hs-CRP 

categories for incident HF and global CVD (Online Table 3).

Because hs-cTnT and NT-proBNP had the strongest associations, we examined the risk of 

incident global CVD with combined hs-cTnT and NT-proBNP categories defined as low (hs-

cTnT <6 ng/L and NT-proBNP <100 pg/mL), medium (hs-cTnT 6–13 ng/L and NT-proBNP 

≥100–<300 pg/mL), and high (hs-cTnT ≥14 ng/L and NT-proBNP ≥300 pg/mL) risk (Online 

Figure 1). More than a quarter (n=97) of all global CVD events occurred in individuals with 

hs-cTnT of ≥14 ng/L and NT-proBNP ≥300 pg/mL: HR=11.5 (95% CI 5.5–24.5) compared 

with individuals with low levels of both.

Risk Prediction

For risk prediction of global CVD, the PCE model showed fair discrimination: C-statistic of 

0.647 vs 0.597 for the basic model (Table 2). Evaluation for the incremental benefit of 

adding each biomarker to the PCE model, however, showed significantly improved 

discrimination with analysis of the C-statistics, category-free NRI, and IDI. Each biomarker 

significantly increased the C-statistic when added to the PCE model; however, addition of 

NT-proBNP improved the C-statistic the most from baseline (ΔAUC 0.092, Table 2). The 

largest improvement in risk prediction metrics was seen with the “complete model” (PCE 

+all three biomarkers) (ΔAUC 0.103, category-free NRI 0.484, and IDI 0.075). The simpler 

“lab”model (age, gender, and race+all three biomarkers) also performed well (ΔAUC 0.091, 

category-free NRI 0.355, and IDI 0.068) (Figure 2). As categories are not established for 4-

year global CVD risk in the elderly, multiple cutpoints were examined; NRI values were all 

significant but varied slightly depending on the cutpoint chosen (Online Appendix).

As shown in the Central Illustration, Panel A, individuals in the highest decile of estimated 

risk assessed by the complete model or the lab model accounted for ~35% of all CVD 

events, while 52% of all CVD events occurred in individuals in the upper two deciles of risk. 
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The PCE risk model overestimated individuals with low risk and underestimated high-risk 

individuals over a 4-year period compared with the models using biomarkers. The addition 

of biomarkers to the PCE resulted in much better identification of higher risk individuals. As 

shown in the Central Illustration, Panel B, among individuals in the highest decile of risk, 

>22% had an incident global CVD event during a 4-year period. In marked contrast, <4% of 

individuals in the lower 5 deciles had an incident global CVD event.

Discussion

In this study, we assessed the addition of three biomarkers—hs-cTnT, NT-proBNP, and hs-

CRP, which are now routinely available for clinical use in the United States—to traditional 

risk factors used in the PCE to examine short-term risk stratification for global CVD events 

in a biracial cohort of older adults without known CVD at baseline. Over a follow-up period 

of ~4 years, all three biomarkers showed significant associations with global CVD events as 

well as with HF events in models adjusted for traditional CVD risk factors. The addition of 

all three biomarkers to the PCE model significantly improved parameters of discrimination 

and risk classification for global CVD event risk in older adults. Findings of the current 

study show that addition of hs-cTnT, NT-proBNP, and hs-CRP to PCE variables or to a 

simple “lab model” with age, gender, and race robustly improves short-term global CVD 

risk prediction in older adults.

Although older individuals have the highest absolute risk for CVD events, application of the 

2013 ACC/AHA cholesterol guidelines (1) and the most recent 2017 ACC/AHA 

hypertension management guidelines (2) remains challenging in clinical practice for this 

group. Current recommendations base risk stratification on 10-year ASCVD risk calculated 

by the PCE (18). However, the PCE does not account for HF hospitalization, the most 

common incident event in our study in individuals without established CVD and a leading 

healthcare expenditure in the United States (4). In 2010, there were ~1 million 

hospitalizations for HF, with 71% in individuals aged ≥65 years and 53% in those aged ≥75 

years (19). Given the expected rise in HF incidence in Americans (20,21), the need for HF 

prevention has recently been highlighted (22). A comprehensive risk assessment and 

identification of older adults at risk for global CVD events including HF is the first step in 

this direction. Indeed, the use of NT-proBNP was recently recommended for HF prevention 

in high-risk individuals (23). As shown in our study, risk stratification may be greatly 

improved by a combination of biomarkers.

The PCE does not apply to ages >79 years. The ACC/AHA cholesterol guidelines 

recommend using PCE-based risk for persons aged 76–79 years and take a conservative 

approach to initiation of statin therapy for primary prevention in persons >75 years of age. 

Per the guidelines, the decision to start statin therapy “requires consideration of additional 

factors, including increasing comorbidities, safety considerations, and priorities of care” 

because limited data are available from randomized controlled trials (1). Thus, statin therapy 

initiation in adults >75 years for primary prevention has been a subject of debate among 

physicians for several years (24). The concepts of the Precision Medicine Initiative (25) are 

especially relevant to CVD prevention. Quantitative data on risk for global CVD events are 

Saeed et al. Page 7

J Am Coll Cardiol. Author manuscript; available in PMC 2019 June 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



particularly important in older individuals, who are vulnerable to polypharmacy and at 

greater risk of side effects than younger individuals.

The current hypertension guidelines state, “it can be assumed that the vast majority of older 

adults have a 10-year ASCVD risk ≥10%, placing them in the high risk category that 

requires initiation of antihypertensive drug therapy at [blood pressure] ≥130/80 mm Hg.” In 

the Systolic Blood Pressure Intervention Trial (SPRINT), patients assigned to an intensive 

systolic blood pressure treatment target of <120 mm Hg versus the “standard” systolic blood 

pressure treatment goal of <140 mm Hg had a 25% lower relative risk of major CVD events 

and associated mortality (26); however, there were concerns about the side effects of 

pharmacotherapy in older adults (≥75 years) (27), particularly hypotension.

Recent trials (28,29) have shown that older participants have greater risk reduction in CVD 

events with more aggressive risk factor modification, including blood pressure treatment and 

the use of high-intensity statins for dyslipidemia management. A study from the Justification 

for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin 

(JUPITER) showed that intensive statin therapy in a higher risk population, as determined by 

multiple biomarkers, provided a greater absolute risk reduction for primary cardiovascular 

events (30).

The association of traditional risk factors for CVD has been shown to attenuate in older 

adults (31). When the PCE variables were used at ARIC visit 4 (median age ~62 years), the 

AUC for global CVD was 0.724 (95% CI 0.711–0.737) vs 0.647 (95% CI 0.627–0.682) at 

visit 5 (median age ~74 years). Furthermore, at visit 5, AUC tended to be higher for age <80 

years (0.659 [95% CI 0.634–0.705] vs 0.596 [95% CI 0.582–0.6891] for age ≥80 years). 

Both the complete and lab models outperformed the PCE model in adults >80 years with 

AUCs of 0.751 (95% CI 0.707–0.816) and 0.743 (95% CI 0.688–0.802), respectively, versus 

0.596 (95% CI 0.582–0.689) for the PCE model (data not shown). We postulate that 

traditional risk factors work better in younger individuals because subclinical CVD tracks 

very closely with the presence of clinical risk factors, whereas in older individuals, risk 

factors such as hypertension are present in the vast majority of the population (70% in this 

study), and thus markers of subclinical “injury” such as hs-cTnT and NT-proBNP provide 

greater benefit in predicting short-term risk.

Further, the 10-year risk estimate provided by the PCE may not be the most relevant time 

frame for older individuals because of other causes of mortality besides cardiovascular 

events. Assessing short-term risk can enable physician patient discussions to focus on 

preventive strategies for shorter term goals that are modifiable on a practical annual basis.

Providing older adults with more precise estimation of short-time risk for global CVD 

events, and for the individual components such as HF, may provide useful information for 

the physician–patient discussion on the risks and benefits of initiation of statin therapy, dose 

of statin, or use of multiple drugs to treat hypertension and aid in joint decision making. For 

example, an individual with a global CVD risk of >20% over a 4-year period and elevated 

HF risk may be more motivated for both lifestyle modification and adherence to triple 

therapy to achieve a systolic blood pressure goal of <120 mm Hg. In addition, noninvasive 
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testing such as echocardiogram may be useful to evaluate left ventricular function. Newer 

and more expensive therapies for dyslipidemia (32) and diabetes mellitus (33), which have 

shown CVD event reduction, may also be targeted to high-risk individuals. Alternatively, 

patients with low CVD risk of <4% over 4 years, approximately half of our study 

population, may choose not to take a high-dose statin and multiple drugs for hypertension.

The ARIC study and others have previously shown the incremental value of biomarkers and 

other diagnostic modalities in prediction of CHD and stroke events (6,7,34). A global risk 

model including both ASCVD and HF was defined in the Framingham cohort, but with 

mean age of 49 years, and only traditional CVD risk factors as covariates (35). Recently, 

global risk scores combining HF with ASCVD have been described (36) that incorporate 

cardiac biomarkers and coronary calcium computed tomography scores in US population 

studies in younger cohorts (mean 62 years in the Multi-Ethnic Study of Atherosclerosis and 

44 years in the Dallas Heart Study).

Strengths and Limitations

There are several strengths of our study. The ARIC study is a well-characterized biracial 

population with a relatively large sample size, rigorously measured cardiovascular risk 

factors, and a large number of adjudicated global CVD events occurring within a 4-year 

period while on contemporary medical therapy. The three candidate biomarkers—hs-cTnT, 

hs-CRP, and NT-proBNP— are all available for clinical use in the United States.

Our study also has several limitations. All three biomarkers were measured as a one-time 

measurement from samples obtained during 2011–2013 for ARIC visit 5 and were not 

available in 4.6% of the population. Intraindividual variability (biological variability) is high 

for NT-proBNP. This was an observational study and our findings would need to be 

validated in another cohort; a prospective trial would be necessary to examine the clinical 

effectiveness of an approach in which biomarkers were used for risk stratification to 

determine initiation and intensity of pharmacotherapy along with the cost-effectiveness of 

such an approach; particularly given the paucity of data in older adults, our results could be 

used to design clinical trials with more reasonable sample sizes, endpoints, and duration to 

test preventive strategies in this understudied population. Also, our risk model was derived 

from 4-year follow-up in individuals that included statin users and therefore cannot be 

directly compared to the PCE or the current hypertension guidelines for 10-year risk based 

on non-statin-treated cohorts. Finally, no cutpoints for short-term global CVD risk are 

established in the elderly; therefore we examined continuous NRI and multiple cutpoints.

Conclusions

The addition of biomarkers to the PCE or use of biomarkers in a simpler “lab model” 

markedly improves short-term global CVD risk prediction in older adults. Such information 

may be useful in joint decision making on both the initiation and intensity of preventive 

therapies in older Americans. Confirmation of these findings in other cohorts and further 

studies to examine the cost-effectiveness of such an approach in older adults are warranted.
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CLINICAL PERSPECTIVES

Heart failure is a leading CVD event in the older adults and should be included as an 

outcome in CVD risk models. The Pooled Cohort Equation is a comprehensive risk 

assessment tool; however, it has several limitations applicable to older adults. Addition of 

readily measurable biomarkers—hs-cTnT, NT-proBNP and hs-CRP—improved the 

prediction of primary global CVD events in an older cohort of individuals on 

contemporary medical therapy. A more comprehensive risk stratification of older adults 

may be relevant to identify higher risk individuals who are candidates for more 

aggressive preventive strategies and to provide more cost-effective medical care.
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TRANSLATIONAL OUTLOOK

Future studies should test the reproducibility and confirm risk prediction improvement by 

a biomarker-based model in other elderly cohorts for both short-term and longer time 

periods. Further studies should also examine the cost-effectiveness of such an approach in 

older adults.
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Figure 1. Flow diagram for eligible cohort selection from Atherosclerosis Risk in Communities 
(ARIC) visit 5
CHD, coronary heart disease; HF, heart failure; CHD, coronary heart disease; HF, heart 

failure; NT-proBNP: N-terminal pro–B-type natriuretic peptide; hs-CRP, high-sensitivity C-

reactive protein; hs-cTnT, high-sensitivity cardiac troponin T.
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Figure 2. 
Receiver operating characteristic curves for models analyzed based on logistic regression 

results of incident global CVD events.
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Central Illustration. Global CVD events within ~4 years by deciles of risk estimates
Pooled Cohort Equation (PCE) model: age, gender, race, hypertension, antihypertensive 

medication use, diabetes status, total cholesterol, and high-density lipoprotein cholesterol; 

complete model: PCE model + hs-cTnT, hs-CRP, and NT-proBNP; lab model: age, gender, 

race, hs-cTnT, hs-CRP, and NT-proBNP. A: Distribution of global CVD events by deciles of 

estimated risk; B: Percent of individuals in each estimated risk decile with incident global 

CVD event.
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Table 1

Baseline Characteristics of Study Population (Atherosclerosis Risk in Communities [ARIC], Visit 5 [2011–

2013])

Baseline Characteristic (n=4760)

Age (years) 75.4±5.1

Female (%) 62.3

Black (%) 22.4

Hypertension (%) 71.2

Diabetes (%) 29.2

Antihypertensive drug use (%) 70.4

Dyslipidemic drug use (%) 50.2

Statin use (%) 45.5

Aspirin use (%) 65.5

hs-cTnT (ng/L) 10 [7, 15]

NT-proBNP (pg/mL) 118.9 [62.2, 225.9]

hs-CRP (mg/L) 1.9 [0.9, 4.2]

Data presented as mean±SD, median [25th, 75th percentiles], or percentage.

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; hs-cTnT, high-sensitivity cardiac troponin T; NT-proBNP, N-terminal pro–B-type 
natriuretic peptide.
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