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Abstract

Background: Circulating high sensitivity cardiac troponin T (hs-cTnT) is associated

with incidence of atrial fibrillation (AF), but the association of changes in hs-cTnT

over time on incident AF has not been explored.

Hypothesis: Six-year increase in circulating hs-cTnT will be associated with increased

risk of AF and will contribute to improved prediction of incident AF.

Methods: We conducted a prospective cohort analysis of 8431 participants from the

Atherosclerosis Risk in Communities (ARIC) study. hs-cTnT change was categorized

at visit 2 and 4 as undetectable (<5 ng/L), detectable (≥5 ng/L, <14 ng/L), or elevated

(≥14 ng/L). We used Cox regression to examine the association between the combi-

nation of hs-cTnT categories at two visits and incident AF. We also assessed the

impact of adding absolute hs-cTnT change on risk discrimination for AF by

C-statistics and net reclassification improvement (NRI).

Results: Over a mean follow-up of 16.5 years, 1629 incident AF cases were diagnosed.

Among participantswith undetectable hs-cTnT at visit 2, themultivariable HR of AFwas

1.28 (95%CI1.12–1.48) among thosewithdetectableor elevatedhs-cTnTat visit 4 com-

pared to those in which hs-cTnT remained undetectable. Among those with detectable

hs-cTnT at visit 2, compared to those who remained in the detectable hs-cTnT group,

reduction toundetectable at visit 4wasassociatedwith lower riskofAF (HR0.74, 95%CI

0.59–0.94), while increment to elevated was associated with higher AF risk (HR 1.30,

95%CI 1.01–1.68). Adding hs-cTnT change to ourmainmodelwith baseline hs-cTnT did

not result in significant improvement in theC-statistic or substantialNRI.

Conclusion: Six-year increase in circulating hs-cTnT was associated with elevated risk

of incident AF.
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1 | INTRODUCTION

Atrial fibrillation (AF) is the most common chronic cardiac arrhythmia

in adults, with an estimated prevalence of 2.7 million adults in the

United States. In 2030, the prevalence is estimated to rise to 12.1 mil-

lion.1 AF is associated with increased mortality and morbidity, and can

lead to severe complications, such as stroke, heart failure (HF), and

chronic kidney disease (CKD).2,34,5 Generally, AF is paroxysmal and

occurs asymptomatically, which creates obstacles for the detection of

AF. Due to this limitation, investigators have developed and validated

risk prediction models for AF, which can assist in identifying high-risk

individuals.6–8 Addition of novel or repeated and high-sensitivity risk

factor measurements have the potential to enhance the predictive

ability of these models.

High sensitivity cardiac troponin T (hs-cTnT) is a well-established

biomarker of myocardial injury, which is used to diagnose acute myo-

cardial infarction (MI).9 A growing body of evidence suggests that MI

is associated with AF as preceding or complicating the clinical course

of AF.10–13 Prior studies have reported associations between hs-cTnT

and the risk of developing AF, supporting the role of circulating hs-

cTnT as a biomarker of AF risk. In a Japanese general population with-

out apparent cardiovascular disease, circulating hs-cTnT levels were

greater among subjects with AF compared to those without AF.14 In

the Atherosclerosis Risk in Communities (ARIC) study, the risk of inci-

dent AF was 1.16 times higher with 1-standard deviation increase of

ln(hs-cTnT) level.15 In the Cardiovascular Health Study, a large pro-

spective cohort of ambulatory older adults, hs-cTnT was significantly

associated with incident AF beyond traditional risk factors.16 Elevated

hs-cTnT levels are also associated with incidence of other cardiovas-

cular and chronic diseases, such as incident HF and CKD,17,18 which

have similar risk factors and often coexist with AF.19,20

The change in biomarker measures over time may be more infor-

mative than a 1-time measurement. We previously found in the ARIC

study that change over time in concentrations of N-terminal pro hor-

mone B-type natriuretic peptide (NT-proBNP) was associated with AF

risk and improved the ability to predict AF.21 Also in the ARIC cohort,

6-year change in hs-cTnT was independently associated with all-cause

mortality, HF, and incident coronary heart disease (CHD).22 Neverthe-

less, to our knowledge, little is known about the impact of hs-cTnT

change on the risk of incident AF, as well as the role of hs-cTnT

change in upstream mechanism of developing incident AF. Therefore,

we sought to evaluate the association between the change of hs-cTnT

and AF risk.

The ARIC study is a sizable predominantly bi-racial cohort study

in the general US population, with eight follow-up visits to date. Its

repeated measurements of hs-cTnT in several follow-ups, rigorously

assessed AF endpoints, participant diversity, and long follow-up pro-

vide a unique resource for exploring the role of change in circulating

hs-cTnT as a predictor of incident AF. Taking advantage of the longi-

tudinal data in the ARIC study, we investigated the association of

6-year change in circulating hs-cTnT with the risk of incident AF, and

determined the value of 6-year change in hs-cTnT in the predic-

tion of AF.

2 | METHODS

2.1 | Study population

The Atherosclerosis Risk in Communities (ARIC) study is a prospective

cohort study conducted in four U.S. communities: Forsyth County, North

Carolina; Washington County, Maryland; selected Minneapolis suburbs,

Minnesota; and Jackson, Mississippi. The study design has been publi-

shed elsewhere.23 Beginning in 1987, each ARIC field center recruited

approximately 4000 study participants aged 45–64 from their commu-

nity. Between 1987 and 1989, 15 792 individuals were recruited and

completed an extensive baseline examination. Of these participants, we

included those who had both visit 2 (1990–1992) and visit 4 (1996–

1998) hs-cTnT measurements. We excluded those who had AF, CHD, or

HF before visit 4, those with missing values of any covariates, as well as

non-whites from the Minneapolis and Washington County field centers,

and individuals other than white or African American in the Forsyth

County field center. Finally, 8431 remained as analytic sample in this

study (baseline, visit 4 in 1996–1998). Figure 1 shows the flowchart of

participants inclusion and exclusion. The study protocol was approved

by institutional review boards at participating institutions. All study par-

ticipants provided written informed consent.

2.2 | Assessment of high sensitivity cardiac
troponin T

Hs-cTnT was measured in blood samples from visit 2 and visit 4. Con-

centrations of hs-cTnT from visit 2 were measured using stored serum

samples at the University of Minnesota, using a sandwich immunoas-

say method with a Roche Elecsys 2010 Analyzer (Roche Diagnos-

tics).22 At a mean hs-cTnT level of 26 and 1990 ng/L, the intra-assay

coefficients of variation (CVs) were 2.1% and 1.0%. At a mean hs-

cTnT level of 25 and 1940 ng/L, the inter-assay CVs were 6.0%

and 3.7%.22

Concentrations of hs-cTnT from visit 4 were measured using

stored supernatant plasma samples at Baylor College of Medicine,

using an electrochemiluminescence immunoassay with a Roche Cobas

e411 analyzer. At a mean hs-cTnT level of 29 and 2378 ng/L, the

intra-assay CVs were 2.1% and 0.76%. At a mean hs-cTnT level of

29 and 2378 ng/L, the inter-assay CVs were 6.9% and 2.6%.22 There

was no significant differences observed in a formal calibration study

which evaluated heterogeneity in hs-cTnT across specimen type and

laboratory.24

The measurement assay range is 3–100 000 ng/L. The limit of

the blank (LOB) is 3 ng/L, the limit of detection (LOD) is 5 ng/L, and

the limit of quantitation (LOQ) is 6 ng/L.9,25

2.3 | Definition of incident atrial fibrillation

We determined AF cases in the ARIC study by three methods. First,

during study exams, 12-lead electrocardiograms (ECGs) data were
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obtained and transmitted electronically to the ARIC ECG reading cen-

ter at EPICARE (Wake Forest School of Medicine, Winston-Salem,

NC). The presence of AF or atrial flutter was identified in the ECG by

a computer algorithm. To reduce the possibility of missing or misread-

ing episodes of AF, a cardiologist would confirm the computer diagno-

sis and overread any rhythm disorder other than AF in ECG. Second,

participants' hospitalization records including discharge codes were

collected by follow-up phone calls and surveillance of local hospitals.

If the ICD-9-CM codes 427.31 (AF) or 427.32 (atrial flutter) or ICD-

10-CM codes I48.x were identified in any given records, then AF was

deemed as present. Any AF cases related to open cardiac surgery

were excluded. Third, if death certificates listed ICD-9 427.3 or ICD-

10 I48, then AF was regarded as present. These methods were

described in detail in a published paper.26 Any participants who were

diagnosed with AF through any of these methods was considered to

have AF.

We conducted a study to examine the validity of AF ascertain-

ment in ARIC. First, we reviewed hospital discharge records from

125 potential cases of AF based on ICD diagnosis codes, finding that

the positive predictive value of these codes was approximately 90%

(111 of 125 confirmed). Second, we evaluated sensitivity and

specificity of the ICD codes among ARIC participants undergoing sur-

veillance for stroke—the corresponding values were 84% and 98%.26

2.4 | Ascertainment of other covariates

The following variables measured at both visit 2 and visit 4 were used

as covariates in this study: age, sex, race, body mass index (BMI),

smoking status (current, former, never), drinking status (current, for-

mer, never), systolic blood pressure (SBP), low-density lipoprotein

cholesterol (LDLc), high-density lipoprotein cholesterol (HDLc), ECG p

wave terminal force in V1, triglycerides, diabetes history, ECG-based

left ventricular hypertrophy (LVH), use of anti-hypertension medica-

tion, use of lipid lowering medications, c-reactive protein, NT-proBNP,

estimated glomerular filtration rate (eGFR, measured from both creati-

nine and cystatin-C) and study center. SBP was the mean of the last

two of three measurements at visit 2 and the mean of two measure-

ments at visit 4. Diabetes was diagnosed as fasting blood glucose

≥126 mg/dl, non-fasting blood glucose ≥200 mg/dl, use of anti-

diabetic medication, or a self-reported physician diagnosis of diabetes.

Participants were asked to bring any medications and supplements

taken the 2 weeks prior to the exam. Medication use was determined

by staff review at the time of the visit. Age, sex, race, smoking status,

and drinking status were self-reported.

2.5 | Statistical analysis

The main independent variable was the change of hs-cTnT concentra-

tion between visit 2 and visit 4. We first grouped individuals based on

combinations of categories of hs-cTnT at visit 2 and visit 4:

undetectable (<5 ng/L), detectable (≥5 ng/L, <14 ng/L), and elevated

(≥14 ng/L).22 The baseline (visit 4) characteristics of our study popula-

tion was described according to these categories at visit 2 and visit

4 (mean [SD] for continuous variables and frequency [percentage] for

categorical variables). The time of follow-up was days from visit 4 to

incident AF, death, loss to follow-up or December 31, 2017, which-

ever happened earlier. The incidence rate of AF was calculated in each

group. To examine the association between the change of hs-cTnT

and the risk of incident AF, we used Cox proportional hazards regres-

sion to estimate the hazard ratio (HRs) and 95% confidence intervals

(CIs), in the following two models: (1) only adjusted for age, sex and

race; (2) fully adjusted for all the covariates listed above + log-trans-

formed visit 2 hs-cTnT level. We also report the association of inci-

dent AF per 1-unit change of log-transformed change of hs-cTnT

between visit 2 and visit 4, and as percentage of relative change from

the measurement at visit 2. Finally, we explored the predictive ability

of change in hs-cTnT by adding it to the CHARGE-AF score, which is

a validated risk model for predicting incident AF, including information

on age, race, height, weight, SBP, DBP, current smoking, antihyperten-

sive medication use, diabetes, HF, MI, LVH by electrocardiogram.6 We

calculated the change in c-statistic and the net reclassification index

(NRI) to quantify the improvement offered by the change in hs-cTnT,

F IGURE 1 Flowchart of participants inclusion and exclusion
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using the 10-year risk categories <5%, 5%–10%, and >10% as cutoffs,

based on the CHARGE-AF model.6,27,28 Because there have been no

established risk 10-year risk categories for AF, we doubled the 5-year

risk categories in the CHARGE-AF model <2.5%, 2.5%–5%, >5%.6 We

also calculated the continuous NRI since the category-based NRIs are

highly dependent on the cutoffs selection and numbers of categories.

The continuous NRI is defined by any upward and downward move-

ments in predicted risks and can be used universally.27,28

In a sensitivity analysis, to minimize the effect of missing data of

participants who were dead or loss to follow up, we used multiple

imputation by chained equations (MICE) to impute all missing

covariates and hs-cTnT at visit 2 and visit 4 in a multivariable model

including completely collected covariates. We re-run the models after

creating 20 additional datasets. All the analyses were completed with

SAS statistical software (v. 9.4, SAS Institute Inc.).

3 | RESULTS

The characteristics of 8431 participants at visit 4 are shown in

Table 1, grouped by hs-cTnT category change between visit 2 and

visit 4. Compared to participants who remained in the same cate-

gory of hs-cTnT concentrations at both visits, those who had moved

up categories at visit 4 were older, more like to be male, had diabe-

tes and hypertension treatment, had higher blood NT-proBNP con-

centration level, and had a more negative ECG p wave terminal

force in V1. The characteristics of all participants at visit 2 are

shown in Table S1.

3.1 | Association of 6-year change in hs-cTnT
with AF

The association between 6-year change in hs-cTnT and incident AF

after visit 4 is shown in Table 2. During a mean follow-up of

16.5 years after visit 4, there were 1629 incident AF events. The

overall AF incidence rate was 12 per 1000 person-years. Compared to

the groups with unchanged category of hs-cTnT concentration at both

visits, the AF incidence rates in the groups with increased hs-cTnT

concentrations at visit 4 were higher, regardless of the category of hs-

cTnT at visit 2. In a fully adjusted model, the risk of AF was 1.28 times

higher (95% CI 1.12–1.48) in the group that went from undetectable

hs-cTnT to detectable or elevated levels in a 6-year time span, com-

pared to those who remained in the undetectable group. Using the

group with detectable hs-cTnT concentration at both visits as the ref-

erence group, the group that increased from detectable at visit 2 to

elevated hs-cTnT at visit 4 had an higher risk of incident AF

(HR = 1.30, 95% CI 1.01–1.68), and that in the group that decreased

from detectable at visit 2 to undetectable hs-cTnT at visit 4 had a

lower risk of AF (HR = 0.74, 95% CI 0.59–0.94) in the fully-adjusted

model. Finally, those with elevated hs-cTnT levels at visit 2 had a simi-

lar risk of incident AF, no matter what category they were in at visit 4.
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log-transformed hs-cTnT concentrations was associated with a 43%

increase in AF hazard (HR = 1.43, 95% CI 1.29–1.59).

Among participants with ≥50% increase in hs-cTnT level, the AF

incidence rate was 11 per 1000 person-years, while that among par-

ticipants with less than 50% increase in hs-cTnT level was 14 per

1000 person-years. Hs-cTnT concentration change was associated

with AF incidence risk (Table 2). The HR among participants with

≥50% hs-cTnT increase was 1.43 (95% CI 1.24–1.65) compared to

participants with less than 50% hs-cTnT increase, adjusting for all the

covariates.

3.2 | Improvement in AF risk prediction with hs-
cTnT change

The C-statistics of models without and with change in hs-cTnT and

net reclassification improvement are presented in Table 3. Adding

log-transformed absolute hs-cTnT change to an age, sex and race-

adjusted model increased the c-statistic by 0.01, but did not

increase it meaningfully in the model including the CHARGE-AF

variables (increase in c-statistic <0.001). The user-defined NRIs

results from adding hs-cTnT change to the established model were

0.0512 (95% CI 0.0207, 0.0586) and 0.0046 (95% CI �0.0182,

0.0308) in the two models, respectively. The continuous NRI by

adding hs-cTnT change were 0.2927 (95% CI 0.1999, 0.3837) and

0.2537 (95% CI 0.1666, 0.3396) in the two models, indicating

6-year hs-cTnT change improve the predictive performance with a

small effect size.29

3.3 | Sensitivity analysis

After performing multiple imputation of the missing data, results were

consistent with those of our primary analyses (Table S2). The risk of

incident AF among patients with increased ≥50% hs-cTnT was 1.36

(95% CI 1.19–1.56), and the HR for continuous log-transformed hs-

cTnT change was 1.33 (95% CI 1.21–1.46).

4 | DISCUSSION

Our study found that 6-year change of hs-cTnT concentrations was

related to the risk of incident AF among ARIC cohort participants

followed for 16 years. Greater hs-cTnT change was associated with

higher risk of incident AF, independent of other risk factors, includ-

ing visit 2 hs-cTnT. Additionally, individuals with an increase of

hs-cTnT over 50% had higher risk of incident AF, compared to

individuals with an increase of hs-cTnT less than 50%. However,

individuals who had elevated hs-cTnT at visit 2 had a similar risk of

incident AF no matter what their hs-cTnT levels were 6 years later.

The C-statistics and NRI did not suggest significant increase in pre-

dictive ability by adding the change of hs-cTnT into an established

model for AF prediction.T
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Previous studies have consistently reported associations between

hs-cTnT concentrations and risk of AF incidence. Among patients who

underwent programmed cardiac surgery with cardiopulmonary bypass,

high presurgical hs-cTnT levels were independently predictive of

patients developing AF after cardiac surgery.30 Previously in the ARIC

study, we reported the risk of incident AF increased by 16% with a

one standard deviation increase of ln(hs-cTnT) level.15 In the Cardio-

vascular Health Study, a large prospective cohort of ambulatory older

adults, hs-cTnT concentrations were significantly associated with inci-

dent AF beyond traditional risk factors.16 Notably, in these two large,

general population-based cohort studies, other established risk factors

such as hypertension and smoking status were adjusted for in the

model, suggesting hs-cTnT levels were associated with risk of AF inci-

dence independent of established risk factors.31 However, inconsis-

tent results have also been observed. Among 883 individuals in the

Uppsala Longitudinal Study of Adult Men (ULSAM) and 978 individuals

in the Prospective Investigation of the Vasculature in Uppsala Seniors

(PIVUS) study, the association between hs-cTnT and incident AF was

attenuated after controlling for NT-proBNP in the model.32

To our knowledge, however, little is known regarding the associa-

tion between long-term circulating hs-cTnT change with incident AF

risk, as well as underlying pathophysiological mechanisms. The ARIC

study has previously reported that 6-year change in hs-cTnT was

independently associated with death, HF, and incident CHD.22

Recently, in the Nord-Trøndelag Health (HUNT) Study, the largest

population-based cohort in Norway, investigators examined the tem-

poral changes in cardiac troponin I (hs-cTnI) with risk of cardiovascular

events in the general population.33 They found that both relative and

absolute increases in hs-cTnI levels were independently associated

with cardiovascular risk. Hs-cTnT and hs-cTnI are moderately corre-

lated and share some characteristics in predicting AF,34 so these find-

ings suggested that temporal change in hs-cTnT could be also

associated with cardiovascular risk. Since AF and other cardiovascular

diseases are related to each other,35 long-term change in hs-cTnT

might provide predictive information on the risk of overall cardiovas-

cular disease among patients with AF.36

Despite the observed association between changes in hs-cTnT

concentration and AF risk, this information did not increase the pre-

dictive ability of the CHARGE-AF score, a well-established model for

the prediction of AF. This observation is in contrast with our previous

analysis of the ARIC cohort focusing in NT-proBNP changes, which

described improvements in the C-statistic for AF prediction after

adding information on repeated NT-proBNP measurements.21

Our study has several strengths. First, the ARIC study recruited a

large and diverse population. Second, we took advantage of the

repeated measurements of hs-cTnT in samples obtained several years

apart. Third, in the ARIC study, we were able to adjust for other bio-

markers, particularly NT-proBNP. Our study also has some limitations.

First, the study sample were limited to whites and African Americans

who were recruited from four communities in the Unites States,

which might not be generalizable to other populations. Second, we

were not able to differentiate between AF patterns, such as paroxys-

mal AF, persistent AF, or permanent AF. Third, the method of AF

ascertainment may have resulted in missing asymptomatic cases as

well as those exclusively managed in outpatient settings. However,

we have demonstrated adequate validity of our approach to case

ascertainment and incidence rates of AF in the ARIC cohort are similar

to those reported in other community-based studies with more inten-

sive methods for AF identification.26 Finally, as an observational

study, there might be residual and unmeasured confounding that

potentially could explain the association.

In conclusion, we have found that a 6-year change in mid-life hs-

cTnT concentrations were associated with risk of incident AF in a

community-based population. The association remains significant

after adjusting for other established risk factors. Change in hs-cTnT,

however, did not contribute meaningfully to the prediction of

AF. These results highlight the role that progression in myocardial

injury could have in the development of the AF substrate, but do not

support the use of repeated hs-cTnT measures for prediction of

AF. Further investigations regarding the association in other popula-

tion are needed to verify and identify high-risk individuals.
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