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Abstract

BACKGROUND—Various mechanisms in cardiac remodeling related to atrial fibrillation (AF) 

lead to elevated circulating cardiac troponin levels, but little is known about such elevations 

upstream to AF onset.

OBJECTIVE—The purpose of this study was to study the association between circulating 

troponin levels as assessed by a highly sensitive cardiac troponin T (hs-cTnT) assay and incident 

atrial fibrillation (AF).

METHODS—In a large prospective cohort of ambulatory older adults [the Cardiovascular Health 

Study (CHS)], hs-cTnT levels were measured in sera that were collected at enrollment from 4262 

participants without AF (2871 with follow-up measurements). Incident AF was identified by 

electrocardiograms during CHS visits, hospital discharge diagnoses, and Medicare files, including 

outpatient and physician claims diagnoses.

RESULTS—Over median follow-up of 11.2 years (interquartile range 6.1–16.5), 1363 

participants (32.0%) developed AF. Higher baseline levels of hs-cTnT were associated with 

incident AF in covariate-adjusted analyses accounting for demographics, traditional risk factors, 

and incident heart failure in time-dependent analyzes (hazard ratio for 3rd tertile vs undetectable 

1.75, 95% confidence interval 1.48–2.08). This association was statistically significant in analyses 

that additionally adjusted for biomarkers of inflammation and hemodynamic strain (hazard ratio 

for 3rd tertile vs undetectable 1.38, 95% confidence interval 1.16–1.65). Significant associations 

were also found when hs-cTnT levels were treated as a continuous variable and when examining 

change from baseline of hs-cTnT levels and incident AF.
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CONCLUSION—The findings show a significant association of circulating troponin levels in 

ambulatory older adults with incident AF beyond that of traditional risk factors, incident heart 

failure, and biomarkers of inflammation and hemodynamic strain.
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Introduction

Atrial fibrillation (AF), the most common cardiac arrhythmia encountered in clinical 

practice, is associated with increased morbidity and mortality, particularly in older adults.1,2 

The arrhythmia has become a major public health problem, one that is expected to grow as 

greater longevity expands the population of older adults in modern societies.1

It stands to a reason that there has been significant interest in better understanding AF and 

noninvasive modalities that could identify key components of cardiac remodeling that 

predispose to and promote the arrhythmia.3 Importantly, there is a paucity of data on serum 

biomarkers of pathways involved in structural remodeling in AF and particularly on 

alterations of such biomarkers upstream to AF onset.

In animal models4–7 and in patients with AF,8–11 cardiac remodeling processes related to the 

arrhythmia lead to release of troponin into the circulation. A highly sensitive cardiac 

troponin T assay (hs-cTnT) that allows assessment of such processes showed that hs-cTnT 

levels are elevated in a significant proportion of adults aged 65 or older and are associated 

with incident heart failure.12 This patient population is of particular interest because it is at 

highest risk for AF in the community. In younger populations, baseline troponin I levels by a 

highly sensitive assay have been recently associated with incident AF.13,14

We hypothesized that baseline and serial measures of hs-cTnT levels in the general 

population of older adults are associated with incident AF beyond that of traditional risk 

factors and incident heart failure. The study hypothesis was tested in a large community-

based prospective cohort of older adults: the Cardiovascular Health Study (CHS).

Methods

Study population

The CHS is a longitudinal study of adults aged 65 years or older at recruitment. The 

rationale, design, and methods of CHS, including information on data collection and 

definition of comorbid conditions, have been previously published.15,16 In brief, the CHS 

population consisted of 5888 men and women recruited from Medicare files from 4 

communities in the United States (Forsyth County, NC; Sacramento County, CA; 

Washington County, MD; and Pittsburgh, PA). The original cohort of participants included 

5201 subjects who were enrolled from 1989 to 1990. A supplemental cohort was enrolled 

between 1992 and 1993, which included 687 African Americans. The cohort for current 

analysis included 4262 participants without AF who had baseline levels of hs-cTnT from 

sera collected at enrollment and were not missing covariate information (n = 31). Of them, 
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2871 participants had follow-up measures (2–3 years after the original assay). One 

individual was excluded because of extreme change in hs-cTnT; thus, 2870 were included in 

analyses of the association between change in hs-cTnT levels and incident AF. The CHS 

was approved by the institutional review boards at University of Washington (Seattle, WA) 

and participating sites. All subjects gave written informed consent at time of enrollment.

Initial assessment, follow-up, and cardiovascular events

At enrollment, study participants were assessed by a standardized questionnaire that 

addressed various health and behavioral risk factors along with a physical examination.17 

For each cardiovascular condition, self-reports were confirmed by components of the 

baseline examination or, if necessary, by a validation protocol that included either the 

review of medical records or surveys of treating physicians. Prevalent AF was identified by 

electrocardiograms (ECGs) obtained at baseline. Self-reported heart failure was confirmed 

by symptoms, physical signs, and the use of both diuretics and either digitalis or a 

vasodilator. Further confirmation of prevalent AF or heart failure was sought from treating 

physicians by questionnaires or from hospitals by discharge summaries, as well as by review 

of medical records. After the initial assessment, enrolled subjects were contacted every 6 

months for follow-up, alternating between telephone interviews and clinic visits through 

1998–1999, thereafter, except for a follow-up clinic visit in 2005–2006 in a subset, contacts 

were by telephone interviews only. In all participants, resting 12-lead electrocardiograms 

were recorded at baseline and repeated annually until the last clinic visit. Echocardiograms 

were obtained at baseline for the original cohort and at the 1994–1995 study visit for both 

cohorts. In addition, discharge diagnoses for all hospitalizations were collected. New 

cardiovascular events, reported during a clinical visit, telephone encounter, or hospital stay, 

were confirmed by obtaining medical records and adjudicated by a centralized events 

committee.17 The details on ascertainment and adjudication of death and cardiovascular 

events in CHS have been previously published.17 Incident AF was identified by 

electrocardiograms during CHS visits, hospital discharge diagnoses, and Medicare files, 

including outpatient and physician claims diagnoses. For Medicare data, diagnosis of AF 

was based on a single inpatient claim or on 2 outpatient or carrier claims within 365 days of 

each other. For outpatient/carrier claim AF diagnoses, qualifying claims had to specify 

different dates of service, and carrier claims were restricted to those received from an office, 

home, skilled nursing facility, nursing facility, or custodial care facility to avoid double-

counting inpatient and outpatient claims. Electrocardiograms from CHS visits were read by 

the CHS Electrocardiography Reading Center. Post open heart surgery was not counted as 

incident AF. For these participants, when a subsequent hospitalization or study examination 

revealed AF unrelated to heart surgery, the date of the subsequent AF occurrence was used 

as the date of incident AF. Incident heart failure was confirmed by documentation in the 

medical record of a constellation of symptoms and physical signs with supporting clinical 

findings or a record of medical therapy for heart failure.

Cardiac troponin T assays

Details on blood sample acquisition as well as analytical and quality assurance methods in 

CHS were previously published.18 All measurements of troponin T levels were performed in 

a central blood analysis laboratory. Baseline measures were obtained from sera collected at 
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enrollment. Follow-up measures were performed on blood samples collected 2 to 3 years 

later. Blood samples were stored at −70°C to −80°C and thawed just before laboratory 

assays (maximum of 3 freeze–thaw cycles) in April 2010. All cardiac troponin T 

concentrations were measured using highly sensitive reagents on an Elecsys 2010 analyzer 

(Roche Diagnostics, Indianapolis, IN). The analytical measurement range of the assay was 3 

to 10,000 ng/L with an analytical coefficient of variation of 10%.19 Values of hs-cTnT that 

were below the threshold of detection were set to 2.99 for continuous analyses. Analytical 

sensitivity, specificity, interferences, and precision of the assay were previously validated.19 

The hs-cTnT measurements for this study are from reagent lots not affected by the technical 

bulletin from Roche Diagnostics regarding calibration curves of the assay for some prior 

reagent lots.20 All technologists performing and recording the biomarker assay results were 

blinded to participants’ outcomes, including incident AF.

Statistical analysis

The distributions of baseline characteristics are summarized by categories of hs-cTnT based 

on undetectable and tertiles of detectable levels of hs-cTnT. Data are summarized as mean 

and standard deviation or median and interquartile range for continuous variables and 

number (percentage) for categorical variables. Kaplan–Meier curves are used to present the 

survival free from AF based on undetectable and tertiles of detectable levels of hs-cTnT.

Covariate adjusted Cox proportional hazards models were used to study the association of 

baseline hs-cTnT levels and incident AF. The linearity of the association between log-

transformed hs-cTnT and incident AF was assessed using penalized cubic splines. Based on 

this graph, we modeled the continuous association using linear splines with a knot at log hs-

cTnT value of 3.25. We also categorized hs-cTnT as defined previously. Individuals were 

censored due to death, loss to follow-up, or end of event ascertainment (June 30, 2009). The 

first model adjusted for age, race, and gender. The second model additionally adjusted for 

traditional risk factors for AF, based on prior publications from large-scale epidemiologic 

studies,21–23 and the use of cardiac medications. These baseline covariates included body 

mass index, known prevalent coronary disease (including a prior diagnosis of myocardial 

infarction [MI]), prevalent heart failure, smoking status (current vs not), systolic blood 

pressure, fasting glucose levels, and use of an antihypertensive drug (beta-blocker, calcium 

channel blocker, diuretic, vasodilator, angiotensin-converting enzyme inhibitor, angiotensin 

type 2 antagonist), an antiarrhythmic agent (any class IA, IB, IC or III agent), or digoxin.

The third model additionally included updated heart failure status in a time-dependent 

analysis to account for the known association between heart failure and AF and the fact that 

hs-cTnT levels have been associated with incident heart failure (HF).12 The fourth model (n 

= 4233) additionally adjusted model 2 for biomarkers of inflammation (C-reactive protein 

[CRP]) and hemodynamic strain (N-terminal pro–B-type natriuretic peptide [NT–pro-BNP]) 

in sera collected at baseline. This analysis was conducted to assess the potential influence of 

these 2 important pathways of cardiac structural remodeling on the associations of interest. 

As a sensitivity analysis, further adjustment was made for valvular disease defined by 

echocardiogram at baseline for the first cohort and at 2 years after baseline for the second 

cohort. A second sensitivity analysis was also conducted and excluded participants who 
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were taking any antiarrhythmic medications or digitalis at baseline, with follow-up starting 2 

years after the initial troponin measures to identify incident AF cases. This sensitivity 

analysis aimed to account for potentially missing prevalent asymptomatic paroxysmal AF, 

which may have preceded troponin measures, as a potential confounder of the association 

between circulating troponin levels and incident AF.

The association between change in hs-cTnT levels and incident AF was evaluated in 

covariate-adjusted Cox models as detailed earlier. The change in hs-cTnT levels was 

analyzed as a continuous variable of change per year from baseline and adjusted for baseline 

levels in multivariable models. Hazard ratio (HR) and 95% confidence interval (CI) are 

reported from the proportional hazards models. Statistical analyses were performed using 

the statistical software STATA (version 12.1, StataCorp, College Station, TX). P < .05 was 

considered significant.

Results

The study population consisted of 4262 CHS participants without AF who had hs-cTnT 

levels measured in sera collected at enrollment and non-missing covariate information. Of 

those patients, 1419 (33.3%) had undetectable hs-cTnT levels (<3.00 ng/L) and 2843 had 

detectable levels (≥3.00 ng/L). Baseline demographics and clinical characteristics of the 

study population, categorized into groups of undetectable and tertiles of detectable hs-cTnT 

levels, are summarized in Table 1. Overall, participants with higher hs-cTnT levels at 

baseline were more likely to have known prevalent cardiovascular disease or risk factors.

During median follow-up of 11.2 years (interquartile range 6.1–16.5), 1363 participants 

(32.0%) developed new-onset AF. Of these participants, 73.1% were identified by hospital 

records or inpatient claims, 18.2% were identified by outpatient or physician claims, and the 

remaining 8.7% were identified by electrocardiograms obtained during CHS visits.

Participants with higher hs-cTnT levels at baseline were more likely to have incident AF 

during follow-up (Figure 1). The relationship between log hs-cTnT was mostly linear and 

leveled off in a plateau pattern after a cutoff of 3.25 log-ng/L, which corresponds to a 

baseline hs-cTnT level of 24.53 ng/L. The hs-cTnT levels of most of the study participants 

(95.4%) were within the first spline (≤24.53 ng/L), in which a linear relationship was 

observed.

In Cox proportional hazards analyses adjusting for age, race, and gender, baseline levels of 

hs-cTnT were found to be associated with incident AF up to 24.53 ng/L (HR 1.67 per log 

unit hs-cTnT, 95% CI 1.52–1.83), with no additional increased risk above 24.53 ng/L (HR 

0.97 per log unit hs-cTnT, 95% CI 0.67–1.39). This association persisted when hs-cTnT was 

modeled categorically (3rd tertile of detectable vs undetectable levels HR 2.39, CI 2.03–

2.82). This association was attenuated on further adjustment but remained statistically 

significant (Table 2). In the third model adjusting AF risk factors and heart failure status 

updated over time, the association of hs-cTnT up to 24.53 ng/L and incident AF had an HR 

of 1.39 per log unit hs-cTnT (95% CI 1.26–1.53). The association of hs-cTnT above 24.53 

ng/L and incident AF remained insignificant (HR 0.79 per log unit hs-cTnT, CI 0.52–1.18). 
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Further attenuation was observed in models that adjusted for CRP and NT–pro-BNP in 

addition to baseline risk factors, but the association remained statistically significant below 

24.53 ng/L hs-cTnT (Table 2). Results were similar in models adjusting for valvular disease, 

as well as in those that excluded participants who were taking antiarrhythmic medications or 

digitalis at baseline, with a follow-up starting 2 years after the initial troponin measures 

(sensitivity analyses data not shown). Similar findings were observed in a sensitivity 

analysis in which only subjects with ECG-validated or inpatient AF diagnoses were counted 

as incident AF.

In the analysis on change in hs-cTnT levels (n = 2870), an increase from baseline of hs-

cTnT levels was significantly associated with incident AF (Table 3). After adjustment for 

age, race, gender, and log hs-cTnT, the HR for incident AF for 1 ng/L per year increment in 

hs-cTnT was 1.03 (95% CI 1.01–1.04). The association between change in hs-cTnT and 

incident AF was also observed in covariate-adjusted analyses accounting for baseline 

demographics, risk factors, cardiac medications, prevalent and incident heart failure, as well 

as baseline CRP and NT–pro-BNP levels (Table 3).

Discussion

In a large community-based prospective cohort of older adults with long-term follow-up, 

there was a significant association between measures of cardiac troponin T by a highly 

sensitive assay and incident AF. This association was significant in covariate-adjusted 

analyses accounting for baseline demographics, traditional AF risk factors, and use of 

cardiac medications. Importantly, these associations persisted even after adjustment for 

incident HF in time-dependent analyses as well as adjustment for biomarkers of 

inflammation and hemodynamic strain. Another important finding is that the change in hs-

cTnT levels with serial measures was associated with incident AF, which denotes a dynamic 

change in risk. The findings suggest an association between processes that involve release of 

troponins into the circulation in ambulatory older subjects and incident AF beyond that of 

traditional risk factors and potential confounders or mediators such as inflammation, 

hemodynamic strain, and incident HF. Such processes involve but are not limited to 

cardiomyocyte injury, myocardial damage, proteolysis, or myocardial contractile protein 

turnover in heart failure.

The findings provide important mechanistic insights about pathophysiologic processes 

occurring before the onset of AF in older adults. In the past few decades, significant research 

has focused on alterations of multiple pathways of cardiac structural remodeling in patients 

with AF,24 but little is known about the alterations of these pathways upstream to AF onset. 

The close association of AF and remodeling processes that release cardiac troponins into the 

circulation has been suggested in animal models of HF4–7 as well as in patients with AF.8–11 

Our study suggests that such processes in the aging heart can occur prior to, and predisposes 

to, AF independent of traditional risk factors and heart failure. The findings are important 

because they identify a key component of cardiac remodeling before AF onset.

The measures of very low concentrations of cardiac troponins have become possible with 

the introduction of highly sensitive assays.19 Traditionally, troponin measures have been 
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used for the diagnosis of MI, but the new assays have suggested that troponin measures may 

provide important information regarding cardiovascular risk in various populations, beyond 

that of MI diagnosis.12,25–27 In fact, circulating hs-cTnT levels have been linked to 

cardiovascular mortality in patients with stable coronary disease or HF.26,27 In the general 

population, cardiac troponin levels by a highly sensitive assay were found to be associated 

with structural heart disease and traditional cardiovascular risk factors,12,25 but provided 

independent prognostic information regarding incident heart failure and cardiovascular and 

all-cause mortality.12,25 More recently, we found a significant association between hs-cTnT 

levels and the risk of potentially arrhythmic sudden cardiac death in older adults, which was 

independent of HF, MI, and other cardiovascular risk factors.28 Based on prior publications, 

it appears that elevated hs-cTnT levels cosegregate with other cardiovascular conditions and 

risk factors but are independently associated with incident AF, as suggested by our 

observations.

The pathophysiologic mechanisms underlying the associations in the current study deserve 

further investigation. It is possible that hs-cTnT levels reflect ongoing cardiomyocyte injury, 

myocardial damage, inflammation, proteolysis, myocardial contractile protein turnover in 

heart failure, or cardiac strain in the aging heart, which would predispose to AF.24 However, 

the observation of an association between hs-cTnT and AF after adjusting for prevalent and 

incident HF and biomarkers of inflammation and hemodynamic strain suggests the 

involvement of hs-cTnT in an independent pathway upstream to AF onset. The adjustment 

for incident HF had only a mild effect on the association of interest, which could be related 

to the adjustment for a number of other risk factors that predispose to both HF and AF.

The findings are concordant with recent observations in younger populations of an 

association between cardiac troponin levels and incident AF.13,14 The Framingham 

offspring study did not adjust for the interval development of HF, which is a potential 

mediator and confounder in analyses addressing pathways of cardiac remodeling and AF.14 

The current study addressed this potential effect of incident HF and showed only minimal 

confounding or mediating effect. Another novel finding is a dynamic change in risk, which 

is reflected by serial measures of hs-cTnT. The associations seem to level off with higher 

concentrations, which was not reported in the prior reports. Importantly, the current study 

addresses the association of hs-cTnT and AF in an older population, which is the group at 

highest risk for AF in the community and in whom circulating hs-cTnT levels are detectable 

in most subjects. This could potentially explain the much higher incidence of AF in our 

report compared to the prior data.

Study limitations

The study has the inherent limitations of observational studies; therefore, the findings may 

have been affected by residual confounding. However, the associations persisted after 

adjustment for a range of clinical risk factors and biomarkers, which makes the link between 

hs-cTnT and AF compelling. We note that the study aimed to assess and highlight a key 

element in cardiac remodeling and the biologic alterations upstream to AF onset in older 

adults and not to build a risk prediction model. In the prior publications, risk prediction was 

not improved with the use of biomarkers. Given the multifactorial and complex 
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pathophysiology of AF, no predictive diagnostic test exists. However, the findings suggest 

that troponin release into the circulation in the aging heart is associated with AF in a process 

that has yet to be identified. Another limitation was that the study could have missed 

asymptomatic AF. To address the possibility that such asymptomatic paroxysmal AF could 

have preceded hs-cTnT elevations, we conducted a sensitivity analysis that showed the 

association to persist even when participants who were taking any antiarrhythmic 

medication or digitalis at baseline were excluded and follow-up started 2 years after baseline 

(sensitivity analysis data not shown). Furthermore, prior publications from CHS showed the 

validity of AF ascertainment and adjudication compared to 24-hour Holter monitoring data 

and missed only 0.1% of sustained or intermittent AF.29,30 Finally, it is important to note 

that the observations were made in a population of older adults and might not be 

generalizable to younger populations in whom other risk factors or pathophysiologic 

processes could predispose to AF.

In addition to novel observations, the study has several strengths, including the prospective 

design, large cohort, long-term follow-up, measures of hs-cTnT in a central laboratory, and 

adjudication of cardiovascular events by a central committee.

Conclusion

In a large prospective cohort of community-dwelling older adults, we found an association 

between baseline and serial measures of cardiac troponin T by a highly sensitive assay and 

incident AF. The findings suggest an association of processes that leads to release of 

troponins from myocytes into the circulation in ambulatory older adults with incident AF 

beyond that of traditional risk factors, incident heart failure, inflammation, and 

hemodynamic strain.
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CLINICAL PERSPECTIVES

In the past few decades, significant research has focused on better understanding atrial 

fibrillation (AF) and noninvasive modalities that could identify key components of 

cardiac remodeling that predispose to and promote the arrhythmia. This is especially true 

for older adults who are at highest risk for AF in the community. Various mechanisms in 

cardiac remodeling related to AF lead to elevated circulating cardiac troponin levels, but 

little is known about such elevations upstream to AF onset. In this study, the association 

between circulating troponin T levels by a highly sensitive assay (hs-cTnT) and incident 

AF was studied in a large community-based prospective cohort of older adults: The 

Cardiovascular Health Study. The main observation was a significant association 

between baseline and serial measures of hs-cTnT and incident AF beyond that of 

traditional risk factors, incident heart failure, inflammation, and hemodynamic strain. The 

findings suggest an association between processes that involve release of troponins into 

the circulation in ambulatory older subjects and incident AF. Such processes involve but 

are not limited to cardiomyocyte injury, myocardial damage, proteolysis, or myocardial 

contractile protein turnover in heart failure. The findings provide important mechanistic 

insights into pathophysiologic processes occurring upstream to AF in older adults.
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Figure 1. 
Kaplan–Meier estimates of survival free from atrial fibrillation in participants of the 

Cardiovascular Health Study (CHS) according to baseline levels of troponin T levels 

measured by a highly sensitive assay (hs-cTnT). Log-rank P < .0001. *Undetectable levels. 

T1, T2, T3 = first, second, and third tertile of detectable hs-cTnT levels, respectively.
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Table 1

Baseline demographics and clinical characteristics of the study population (4262 Cardiovascular Health Study 

participants [CHS] without atrial fibrillation at enrollment) categorized according to baseline troponin T levels 

by a highly sensitive assay (hs-cTnT)

hs-cTnT levels (ng/L)

<3.00 (undetectable) 3.00–6.29 (1st tertile)
6.30–11.21

(2nd tertile) >11.21 (3rd tertile)

N 1419 949 947 947

Age (years) 70.40 ± 4.03 72.23 ± 4.69 73.52 ± 5.52 75.88 ± 6.52

Race (African-American) 245 (17.3%) 142 (15.0%) 127 (13.4%) 181 (19.1%)

Gender (female) 322 (22.7%) 323 (34.0%) 478 (50.5%) 599 (63.3%)

Body mass index (kg/m2) 26.74 ± 4.72 26.70 ± 4.93 26.87 ± 4.76 26.81 ± 4.74

Systolic blood pressure (mm Hg) 132.61 ± 20.11 135.40 ± 20.57 139.51 ± 21.65 142.29 ± 24.33

Diabetes 161 (11.3%) 145 (15.3%) 197 (20.8%) 268 (28.3%)

Fasting glucose (mg/dL) 106.64 ± 32.69 109.81 ± 31.66 113.27 ± 34.25 121.87 ± 50.70

Albumin (mg/dL) 4.02 ± 0.28 3.99 ± 0.29 4.01 ± 0.30 3.96 ± 0.30

Heart rate (bpm) 64.26 ± 10.10 64.20 ± 10.58 65.04 ± 11.98 67.17 ± 13.95

Coronary disease 174 (12.3%) 171 (18.0%) 202 (21.3%) 292 (30.8%)

Prior myocardial infarction 83 (5.8%) 67 (7.1%) 99 (10.5%) 158 (16.7%)

Heart failure 15 (1.1%) 30 (3.2%) 34 (3.6%) 98 (10.3%)

Valvular disease 81 (5.9%) 85 (9.2%) 86 (9.3%) 104 (11.8%)

Current smoker 198 (14.0%) 88 (9.3%) 90 (9.5%) 97 (10.2%)

Cardiac medication

  Aspirin 446 (31.4%) 303 (31.9%) 349 (36.9%) 356 (37.6%)

  Beta blocker 165 (11.6%) 127 (13.4%) 134 (14.1%) 130 (13.7%)

  Angiotensin-converting enzyme inhibitor 72 (5.1%) 65 (6.8%) 77 (8.1%) 110 (11.6%)

  Antiarrhythmic drug 25 (1.8%) 26 (2.7%) 29 (3.1%) 47 (5.0%)

  Diuretic 323 (22.8%) 242 (25.5%) 279 (29.5%) 375 (39.6%)

  Digitalis 39 (2.7%) 46 (4.8%) 68 (7.2%) 133 (14.0%)

N-terminal pro–B-type natriuretic peptide 
(ng/L)*

79.26 (43.50, 141.70) 97.21 (54.66, 184.80) 126.60 (62.70, 257.20) 219.60 (104.30, 531.50)

C-reactive protein(mg/dL)* 2.51 (1.31, 4.28) 2.31 (1.08, 4.34) 2.33 (1.23, 4.22) 3.04 (1.55, 6.21)

Values are given as mean ± SD or number (percentage) unless otherwise specified.

*
Median (interquartile range).
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Table 2

Covariate-adjusted Cox analyses of the association between cardiac troponin T levels by a highly sensitive 

assay (hs-cTnT) and incident atrial fibrillation (AF) in the Cardiovascular Health Study (CHS)

Model 1 HR
(95%CI)

Model 2 HR
(95%CI)

Model 3 HR
(95%CI)

Model 4 HR
(95%CI)

Log-transformed hs-cTnT values

Spline model, knot at log (hs-cTnT) = 3.25

  Spline 1*, hs-cTnT ≤24.53 1.67 (1.52,1.83) 1.45 (1.32,1.59) 1.39 (1.26,1.53) 1.21 (1.10,1.34)

  Spline 2*, hs-cTnT >24.53 0.97 (0.67,1.39) 0.88 (0.60,1.29) 0.79 (0.52,1.18) 0.66 (0.44,1.00)

hs-cTnT levels (ng/L)

  <3.00 (undetectable) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

  3.00–6.23 (1st tertile) 1.16 (0.99,1.36) 1.09 (0.93,1.28) 1.08 (0.93,1.27) 1.02 (0.88,1.20)

  6.24–10.97 (2nd tertile) 1.50 (1.29,1.75) 1.32 (1.13,1.54) 1.27 (1.09,1.49) 1.12 (0.96,1.32)

  >10.97 (3rd tertile) 2.39 (2.03,2.82) 1.89 (1.60,2.24) 1.75 (1.48,2.08) 1.38 (1.16,1.65)

Model 1 adjusted for age, race, and gender.
Model 2 additionally adjusted for body mass index, known prevalent coronary disease or myocardial infarction, prevalent heart failure, smoking 
status (current vs not), systolic blood pressure, fasting glucose levels, and use of antihypertensive (beta-blocker, calcium channel blocker, diuretic, 
vasodilator, angiotensin-converting enzyme inhibitor, angiotensin type 2 antagonist), antiarrhythmic (any class IA, IB, IC or III agents), or digoxin.
Model 3 adjusted for model 2 variables and incident heart failure.
Model 4 adjusted for model 2 variables and baseline levels of N-terminal pro–B-type natriuretic peptide and C-reactive protein (both log 
transformed).

CI = confidence interval.

*
Hazard ratio (HR) per log(hs-cTnT) increase.
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Table 3

Covariate-adjusted Cox analyses of the association between change per year in cardiac troponin T levels by a 

highly sensitive assay (hs-cTnT) and incident atrial fibrillation (AF) in the Cardiovascular Health Study (CHS)

Covariates
Hazard
ratio*

95% Confidence
interval

Model 1 Age, race, gender 1.03 1.01–1.04

Model 2 Model 1 + baseline risk factors 1.03 1.01–1.04

Model 3 Model 2 + incident HF 1.02 1.01–1.04

Model 4 Model 2 + CRP, NT–pro-BNP 1.02 1.01–1.03

Covariates in models are those in Table 2 legends with additional adjustment for baseline hs-cTnT.

CRP = C-reactive protein; HF = heart failure; NT–pro-BNP = N-terminal pro–B-type natriuretic peptide.

*
Hazard ratio for every 1 ng/L increase from baseline.
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