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Abstract

BACKGROUND—Epidemiological data for cardiac abnormality predating decreased kidney

function are sparse. We investigated the associations of high-sensitivity cardiac troponin T (hs-
cTnT) and N-terminal pro-brain natriuretic peptide (NT-proBNP) with end-stage renal disease
(ESRD) risk in a community-based cohort.

STUDY DESIGN—A prospective cohort study.
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SETTING & PARTICIPANTS—10,749 white and black participants at the fourth visit (1996-
1998) of the Atherosclerosis Risk in Communities (ARIC) Study with follow-up through 2010.

PREDICTOR—hs-cTnT (3, 6, 9, and 14 ng/L) and NT-proBNP (41.6, 81.0, 142.5, and 272.5
pg/mL) levels were divided into five categories at the same percentiles (32th, 57th, 77th and 91th;
corresponding to ordinary thresholds of hs-cTnT), with the lowest category as a reference.

OUTCOMES—Incident ESRD defined as initiation of dialysis, transplantation, or death due to
kidney disease.

MEASUREMENTS—Relative risk and risk prediction of ESRD according to hs-cTnT and NT-
proBNP based on Cox proportional hazards models.

RESULTS—During a median follow-up of 13.1 years, 235 participants developed ESRD (1.8
cases per 1,000 person-years). hs-cTnT and NT-proBNP were associated with ESRD risk
independently of each other and of potential confounders including kidney function and
albuminuria (adjusted HR for highest category, 4.43 [95% Cl, 2.43-8.09] and 2.28 [95% CI, 1.44—
3.60], respectively). For hs-cTnT, the association was significant even at the third category (HR
for 6-8 ng/L hs-cTnT, 2.74 [95% CI, 1.54-4.88]). Their associations were largely consistent even
among persons without decreased kidney function or history of cardiovascular disease. hs-cTnT
and NT-proBNP both significantly improved ESRD prediction (c-statistic differences of 0.0084
[95% CI, 0.0005-0.0164] and 0.0045 [95% CI, 0.0004-0.0087], respectively, from 0.884 with
conventional risk factors).

LIMITATIONS—Relatively small number of ESRD cases and single measurement of hs-cTnT
and NT-proBNP.

CONCLUSIONS—hs-cTnT and NT-proBNP independently predicted ESRD risk in the general
population, with more evident results for hs-cTnT. These results suggest the involvement of
cardiac abnormality, particularly cardiac injury, in the progression of reduced kidney function
and/or may reflect the useful property of hs-cTnT as an end-organ damage marker.

INDEX WORDS

high-sensitivity cardiac troponin T (hs-cTnT); N-terminal pro—brain natriuretic peptide (NT-
proBNP); cardiac injury; cardiac marker; risk factor; risk prediction; incident end-stage renal
disease (ESRD); kidney disease progression; Atherosclerosis Risk in Communities (ARIC) Study

A close pathophysiological relationship between the kidney and heart is well known.14
There are several mechanisms by which decreased kidney function might lead to
cardiovascular disease (CVD) such as imbalance of salt and fluid, activation of the renin-
angiotensin-aldosterone system (RAAS) and sympathetic nervous system, endothelial
dysfunction, and oxidative stress.2: >=7 Indeed, numerous epidemiological studies have
reported a higher CVD risk among those with kidney disease as compared to those
without.8-14

In contrast, epidemiological data as to whether cardiac abnormality predates kidney disease
progression are sparse. A few small studies have demonstrated that cardiac abnormality
(e.g., left ventricular hypertrophy and reduced systolic function) are predictors for kidney

disease progression.12- 15 However, these studies investigated patients with advanced kidney
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disease, and those cardiac manifestations may merely reflect long-standing or severe
decreases in kidney function. A higher risk of kidney disease progression was observed
among those with history of CVD as compared to those without.16 However, treatment or
clinical examinations in those with CVD (e.g., diuretics or iodinated contrast) may have
confounded this association.

In this context, a recent study using a subsample (n ~1,000) from TREAT (Trial to Reduce
Cardiovascular Events With Aranesp Therapy) demonstrated that the markers indicating
cardiac injury and overload, troponin T and N-terminal pro-brain natriuretic peptide (NT-
proBNP), were independently associated with risk for end-stage renal disease (ESRD).1’
However, every participant in this study had diabetic nephropathy and anemia, and a
majority of patients had a history of CVD, leaving uncertainty in an etiological association
of cardiac markers with ESRD, particularly in the general population. Therefore, the
objective of this study was to investigate the associations of troponin T measured by a high-
sensitivity assay (high-sensitivity cardiac troponin T [hs-cTnT]) and NT-proBNP with
ESRD risk in a community-based cohort.

METHODS
Study Population

The Atherosclerosis Risk in Communities (ARIC) Study is a prospective cohort of 15,792
individuals aged 45-64 years at visit 1 (1987-1989) from 4 US communities (Forsyth
County, NC; Jackson, MS; suburban Minneapolis, MN; and Washington County, MD).
There were three short-term follow-up examinations in 1990-1992 (visit 2), 1993-1995
(visit 3) and 1996-1998 (visit 4). Out of 15,792 participants, 11,656 individuals (74%)
attended visit 4, at which hs-cTnT and NT-proBNP were measured. For this study, we
excluded individuals who were neither white nor black (n=31) or who had missing data of
hs-cTnT or NT-proBNP (n=406), covariates (n=406) and incident ESRD (n=42). Individuals
with prevalent ESRD and chronic kidney disease (CKD) stage 5 (kidney failure) at visit 4
were also excluded (n=22), leaving 10,749 individuals for this study. All individuals
provided written informed consent.

Cardiac Markers

Covariates

Plasma hs-cTnT was measured using a novel highly sensitive assay with a lower measurable
limit of 3 ng/L (Elecsys Troponin T; Roche Diagnostics, Indianapolis, IN). The NT-proBNP
was measured by an electrochemiluminescent immunoassay on an automated Cobas e411
analyzer (Roche Diagnostics) with a lower measurable limit of 5 pg/mL. The coefficient of
variation of these cardiac markers was <7%.18 We assigned half of the lower limit of each
marker for participants with unmeasurable levels.

Information on demographics, lifestyle, and medical history was collected at visit 4 by
trained interviewers using standardized questionnaires. Body mass index (BMI) was defined
as weight in kilograms divided by height (in meters) squared. Blood pressure was measured
twice by certified technicians using a sphygmomanometer, and the average was recorded.
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Hypertension was defined as systolic blood pressure =140 mmHg, diastolic blood pressure
=90 mmHg, or use of antihypertensive medications. We defined diabetes mellitus as fasting
serum glucose =126 mg/dL, non-fasting glucose =200 mg/dL, self-reported diagnosis of
diabetes, or antidiabetic medications usage. Medication use was verified by the inspection of
medication bottles. Prevalent CVD included history of coronary heart disease, stroke, and
heart failure. Coronary disease and stroke were defined as self-reported history before visit
1, or adjudicated cases between visits 1 and 4. Prevalent heart failure was defined as self-
reported treatment or the Gothenburg!® stage 3 at visit 1 or hospitalization for heart failure
between visits 1 and 4. Estimated glomerular filtration rate (eGFR) was calculated using the
CKD-EPI (CKD Epidemiology Collaboration) creatinine equation.2> Albuminuria was
ascertained as urinary albumin-creatinine ratio (ACR).2

Outcome Assessment

Incident ESRD was defined as initiation of dialysis, transplantation, or death due to kidney
disease.22 Cases with dialysis and transplantation were identified by linkage to the US Renal
Data System (USRDS), which captures information about all Americans who receive renal
replacement therapy or are awaiting kidney transplantation.?3 Participants who were free of
ESRD by December 31, 2010 were administratively censored.

Statistical Analysis

As previously done,18 hs-cTnT was divided into five categories mainly based on the assay
limit of measurement (3 ng/L), limit for reliable detection (5 ng/L), and a clinical threshold
corresponding to the 99th percentile in healthy individuals specified by the manufacturer (14
ng/L), i.e., <3 (unmeasurable), 3-5, 6-8, 9-13, and =14 ng/L. These thresholds
corresponded to 32t", 57t 77t and 915t percentiles in our study sample. To compare the
two cardiac markers, NT-proBNP was also divided into five categories based on these
percentiles corresponding to 41.6, 81.0, 142.5, and 272.5 pg/mL. It was also evaluated as an
ordinal variable using quintiles and as a dichotomous variable using the clinical cutpoint (<
vs. 2400 pg/mL).2* Baseline characteristics were summarized according to the five
categories of hs-cTnT and NT-proBNP, and the differences across the categories were
assessed by the chi-square test and the ANOVA, as appropriate. We also evaluated the
correlation between these cardiac markers and kidney measures (eGFR and ACR).

To visualize the potentially non-linear association with ESRD, incidence rate adjusted for
age, gender and race was estimated using a Poisson regression model with linear splines
(four knots corresponding to the five categories of cardiac markers). Subsequently, we
quantified the association of five categories of hs-cTnT and NT-proBNP with incident
ESRD using Cox proportional hazards models. We implemented several models to evaluate
the impact of potential confounders. Model 1 was unadjusted, and model 2 was adjusted for
age, gender, and race. Model 3 was further adjusted for systolic blood pressure,
antihypertensive medication, smoking, alcohol intake, education level, BMI, total and HDL
cholesterols, diabetes, and history of CVD. Model 4 was additionally adjusted for eGFR and
ACR.25 Model 5 was further adjusted for the other cardiac marker (i.e., hs-cTnT in the
analysis of NT-proBNP, and NT-proBNP in the analysis of hs-cTnT).
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We conducted several sensitivity analyses to evaluate the robustness of our findings. First,
we assessed potential interactions by stratifying the study sample by age (< vs. =65 years),
gender, race (white vs. black), smoking (former/never vs. current), BMI (< vs. =30 kg/m?)
and presence/absence of diabetes, hypertension, reduced eGFR (< vs. 260 ml/min/1.73m?),
high albuminuria (ACR < vs. =230 mg/g), and history of CVD. Due to sparse data in some
categories of cardiac markers within subgroups, we estimated hazard ratio (HR) for 2-fold
increment of each cardiac marker for these stratified analyses. Interactions were tested by
likelihood ratio test comparing models with and without product terms of interest. Second,
among those without prevalent CVD, we examined whether the association between cardiac
markers and ESRD was independent of CVD outcomes that occurred during follow-up by
treating these cases as time-varying covariates. Finally, we conducted competing risk
analysis with death as a competing endpoint of ESRD.26

To assess the incremental value of hs-cTnT and NT-proBNP in risk prediction, C statistic,
categorical and continuous net reclassification improvement (NRI), and integrated
discrimination improvement for the time frame of 10 years were computed from two models
incorporating Model 4 variables with and without continuous hs-cTnT or NT-proBNP (both
were log-transformed). Based on previous literature,2> 10-year risks of 10% and 30% were
used as thresholds for categorical NRI. All analyses were carried out with Stata version 12.0
(StataCorp LP, College Station, TX), and a P-value <0.05 was considered statistically
significant.

Participant Characteristics

As compared to those with lower hs-cTnT, individuals with higher hs-cTnT levels were
more likely to be older, male, and black and have generally higher cardiovascular risk
profile (e.g., higher BMI and blood pressure, higher levels of ACR and NT-proBNP, more
prevalent diabetes and history of CVD, and lower levels of HDL cholesterol and eGFR)
(Table 1). Similar patterns were observed among individuals with higher NT-proBNP levels
(Table S1, available as online supplementary material). A few exceptions were the U-shaped
patterns observed for the proportion of blacks, males, and diabetes and BMI levels across
NT-proBNP categories. Both hs-cTnT and NT-proBNP were mildly correlated with each
other (p=0.20), eGFR (p=—0.22 and —0.24, respectively), and ACR (p=0.19 and 0.26) (Table
S2).

Associations of Cardiac Markers With ESRD

A total of 235 ESRD cases occurred during a median follow-up of 13.1 years (crude
incidence rate, 1.8 per 1,000 person-years). Crude incidence rate was higher in categories
with higher hs-cTnT and NT-proBNP, with a risk gradient between the highest and lowest
categories of ~30-fold for hs-cTnT and ~10-fold for NT-proBNP (Table S3). The
demographically adjusted incidence rate of ESRD steadily increased with hs-cTnT level
above the reliably detectable limit, 5 ng/L (Figure 1A). In contrast, the adjusted incidence
rate of ESRD was largely flat for NT-proBNP levels below ~150 pg/mL but sharply
increased above that level (Figure 1B).
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The associations of hs-cTnT and NT-proBNP with incident ESRD remained significant after
further adjustment for each other and potent predictors of ESRD such as diabetes, blood
pressure, eGFR, and ACR (HRs of 4.43 [95% Cl, 2.43-8.09] and 2.28 [1.44-3.60] in
category 5 compared to category 1, respectively, in model 5) (Table 2). The HRs for
corresponding categories were consistently larger for hs-cTnT than NT-proBNP. Indeed,
participants in hs-cTnT categories 3 and 4 (with subclinical hs-cTnT levels [6-13 ng/L]) had
also significantly higher risk of ESRD compared to those with unmeasurable levels (HRs of
2.74 [95% CI, 1.54-4.88] and 3.04 [1.68-5.49], respectively, in model 5), whereas category
3 of NT-proBNP did not reach statistical significance. The independent associations of hs-
cTnT and NT-proBNP with ESRD were confirmed in their cross-categories (Table S4).
Similar associations with ESRD were observed for NT-proBNP using its quintiles (Table
S5) or clinical cutpoint of 400 pg/mL (Table S6). Competing risk analysis provided largely
similar results for two cardiac markers (Table S7).

hs-cTnT was significantly associated with incident ESRD in all subgroups tested including
those without CKD or CVD at baseline, whereas some subgroups did not reach significance
for NT-proBNP (Figure 2). Nevertheless, out of 22 potential interactions tested, statistical
significance was observed in age, race and gender groups for NT-proBNP, with higher
relative risk of ESRD in older, female and whites than in their counterpart groups. We also
observed borderline significant interaction for gender for hs-cTnT. Among those without a
history of CVD, when incident CVD was accounted for as a time-varying covariate, the
associations remained significant (Table S8).

ESRD Prediction With hs-cTnT and NT-proBNP

The C-statistic for the prediction of ESRD risk was already high with model 4 variables
(0.884 [95% CI, 0.858-0.909]) but was significantly improved by adding hs-cTnT and NT-
proBNP as continuous variables (c-statistic differences of 0.0084 [95% CI, 0.0005-0.0164;
p=0.04] and 0.0045 [95% CI, 0.0004-0.0087; p=0.03], respectively) (Table 3). The addition
of hs-cTnT to model 4 resulted in significantly increased continuous NRI and integrated
discrimination improvements, while NT-proBNP showed significantly increased continuous
NRI.

DISCUSSION

This study demonstrated that higher levels of hs-cTnT and NT-proBNP were independently
associated with incident ESRD in the general population. Our results are generally
consistent with the previous report from TREAT in which all patients had diabetic
nephropathy and anemia.l” We extended the results from TREAT in various aspects. First,
we confirmed the associations of hs-cTnT and NT-proBNP with ESRD in a population with
preserved kidney function, minimizing the concern for reverse causation. Second, with a
more sensitive assay, we revealed significant associations between elevated hs-cTnT and
ESRD even in the subclinical range associated with myocardial necrosis (i.e., 6-13 ng/L).
Similarly, a risk gradient below the current clinical threshold was illustrated for NT-
proBNP. Third, the significant associations among those without a history of CVD, even
controlling for incident CVD during follow-up, are novel and have etiological
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implications.”- 27 Fourth, improved risk prediction of ESRD was confirmed for each cardiac
maker. Finally, in the general population, hs-cTnT appeared to be more strongly and
consistently associated with ESRD as compared to NT-proBNP.

Despite wide recognition of cardiorenal syndrome, the actual mechanisms linking cardiac
abnormalities to reduced kidney function are not clearly established. Altered hemodynamics
(e.g., decreased cardiac output or increased renal venous pressure) has been thought to play
a pivotal role.l: 4 However, a recent study reported that hemodynamic parameters such as
cardiac index and right atrial pressure did not predict worsening of kidney function in
patients with heart failure.28 The RAAS is activated among those with decreased cardiac
function and may play a major role in precipitating reduction in kidney function.2%-31
Indeed, several trials showed that RAAS inhibitors attenuate the progression of reduced
kidney function in patients with decreased cardiac function.32 The chronic activation of the
sympathetic nervous system seen in heart disease also results in vasoconstriction.* Also,
treatment or procedures for those with cardiac disease such as diuretics and contrast media
may contribute to reduced kidney function.!

Regarding the stronger associations of ESRD with hs-cTnT compared with NT-proBNP in
our study, hs-cTnT may simply be a better marker for cardiac abnormality. However, the
associations remained significant even at the subclinical level or even among those without
prior CVD. cTnT is a regulatory protein in cardiac muscle and is released when
cardiomyocytes are damaged.33 34 Thus, our findings may suggest that cardiac damage
(rather than cardiac overload) plays an important role in the progression of decreased kidney
function. This may occur through the substances released along with cardiac damage,3° such
as myoglobin, which can worsen kidney function.36 On the other hand, these findings may
reflect the property of hs-cTnT as a marker of end-organ damage or systemic
pathophysiological processes such as microvascular disease or endothelial

dysfunction.3% 37-39 Indeed, a recent study has reported the link between high hs-cTnT and
white matter lesion in the brain.38 The borderline significant interaction with gender in our
study may be in line with this concept, as microvascular disease is considered to play a more
key role in the pathophysiology of coronary disease in women than in men. 40-42
Nevertheless, it is not fully clear why hs-cTnT is elevated among apparently healthy
individuals without cardiac manifestation, and some mechanisms other than cell damage,
e.g., increased permeability, have been suggested.*3 Further investigations are, therefore,
warranted to elucidate mechanisms for hs-cTnT release in apparently healthy individuals
and their involvement in the progression of decreased function.

The relationship between NT-proBNP and ESRD risk was not necessarily consistent across
demographic groups in our study. Specifically, the relationship was significant in older
individuals, females, and whites but not in their counterpart groups. This may somewhat
reflect a complex property of NT-proBNP not only as a marker of cardiac overload or
dysfunction?* 45 but also as an obligatory companion to BNP, a neurohormone with various
beneficial effects on cardiovascular system (e.g., diuresis and inhibition of RAAS)*6 and
glucose metabolism (upregulation of mitochondrial biogenesis and fat oxidation and
stimulation of insulin secretion).4’~4° The race interaction in our study is consistent with the
correlation of NT-proBNP and decreased cardiac diastolic function previously reported only
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in whites but not in blacks.#8 Nevertheless, we need to bear in mind that, as we tested
various potential interactions, our findings are rather hypothesis generating and require
further investigations.

A prediction tool for ESRD has recently attracted the attention of clinicians and
researchers.25 Given the medical expenditure for ESRD in developed countries,*?
identification of high risk individuals and interventions (lifestyle and/or pharmacological) to
slow the progression of reduced kidney function are critical. We noted that hs-cTnT and NT-
proBNP improved ESRD prediction beyond known risk factors including eGFR and
albuminuria. In our data, known risk factors themselves demonstrated high discrimination
(C-statistic=0.884). Thus, particularly given the measurement cost, the assessment of these
cardiac markers may not be recommended primarily for ESRD risk prediction. However,
there would be clinical scenarios in which these cardiac markers were already measured for
cardiovascular risk assessment. In these circumstances, our data suggest considering
incorporation of these cardiac markers for even better ESRD prediction. Also, these cardiac
markers may be useful in specific populations, among whom kidney disease measures are in
a normal range or would not reflect kidney function well (e.g., glomerular hyperfiltration or
heart failure). Nonetheless, future studies are needed to assess whether or how to implement
these cardiac markers in ESRD risk prediction.

This study has some limitations. The number of ESRD cases was relatively small, restricting
statistical power, particularly in some stratified analyses. Similarly, the number of
participants with CKD was limited, and most of them were at mild stage of low eGFR
and/or high albuminuria. Thus, generalization of our findings to more advanced stages needs
to be done carefully. We had only single measurements of hs-cTnT and NT-proBNP,
potentially resulting in some degree of misclassification due to short-term variability.
However, this type of misclassification usually provides conservative estimates. We should
be careful in generalizing our findings to age or racial groups not investigated in our study,
particularly individuals older than 75 years, since age can impact the decision making for the
initiation of kidney replacement therapy.30 Lastly, we were not able to rule out the
possibility of residual confounding.

In summary, hs-cTnT and NT-proBNP levels were independently associated with incident
ESRD in a general population cohort, with more evident associations for hs-cTnT than for
NT-proBNP. The associations were consistent even among those with preserved kidney
function and those without a history of CVD, particularly for hs-cTnT. These cardiac
markers slightly improved ESRD risk prediction beyond established predictors for ESRD.
These findings suggest the involvement of cardiac abnormality, particularly cardiac damage,
in the progression to ESRD and/or may reflect the useful property of hs-cTnT as an end-
organ damage marker.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A. B. Adjusted incidence rates of ESRD by hs-cTnT (A) and NT-proBNP (B) Incidence rate

per 1,000 person-year adjusted for age, race and gender; trimmed at 0.5% and 99.5%
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A

Stratum

Age

Gender

Race

Smoking

BMI

Diabetics

Hypertensive

History of CVD

eGFR

ACR

CKD*

Condition

<65 (6,495)
>65 (4,254)
Male (4,732)
Female (6,017)
Whites (8,405)
Blacks (2,344)

Former/Never (9,158)

Current (1,591)
<30 (6,985)
=30 (3,764)
No (8,972)
Yes (1,977)
No (5,644)
Yes (5,065)
No (9,076)
Yes (1,673)
=60 (10,064)
<60 (685)
<30 (9,867)
=30 (882)
No (9,354)
Yes (1,395)

Entire sample Overall
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Hazard
Ratio (95% Cl)

1.57 (1.29, 1.92)
1.25 (1.06, 1.48)
1.31 (1.11, 1.56)
1.47 (1.23, 1.75)
1.26 (1.07, 1.49)
1.65 (1.37, 1.99)
1.37 (1.20, 1.57)
1.38 (1.03, 1.85)
1.44 (1.23, 1.68)
1.31 (1.07, 1.60)
1.31 (1.11, 1.54)
1.40 (1.17, 1.69)
1.41 (1.07, 1.86)
1.37 (1.20, 1.58)
1.37 (1.16, 1.61)
1.37 (1.14, 1.65)
1.47 (1.25, 1.73)
1.27 (1.06, 1.53)
1.44 (1.21, 1.71)
1.40 (1.18, 1.67)
1.52 (1.25, 1.86)
1.70 (1.48, 1.96)
1.37 (1.21, 1.55)

P for
interaction

0.463

0.060

0.165

0.426

0.907

0.097

0.083

0.741

0.172

0.204

0.880

* eGFR<60 or ACR230
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Female (6,017) 1.25 (1.09, 1.43)

Race Whites (8,405) 1.18 (1.04,1.32) <0.001
Blacks (2,344) — 0.98 (0.87,1.10)

Smoking Former/Never (9,158) 1.10(1.01,1.20) 0.973
current (1,591) — 1.05 (0.86, 1.29)

BMI <30 (6,985) — 1.03 (0.92,1.15) 0.530
=30 (3,764) 1.17 (1.04, 1.32)

Diabetics No (8,972) 1.15(1.01,1.31) 0.065
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N
-
-
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ACR <30 (9,867) 1.20 (1.07,1.36)  0.312
>30 (882) - 1.06 (0.95, 1.19)

CKD* No (9,354) 1.25(1.08,1.44)  0.601

Yes (1,395)
Entire sample Overall

1.19 (1.08, 1.32)
1.09 (1.01, 1.18)

* >
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Figure 2.
A. B. Adjusted Hazard Ratio of ESRD for 2-fold increment of hs-cTnT (A) and NT-proBNP

(B) in demographic and clinical subgroups. The adjustment was based on model 5 (age,
gender, race, diabetes mellitus, hypertension, total and HDL cholesterols, history of
cardiovascular disease, smoking, alcohol intake, education level, BMI, eGFR,
albuminuria(ACR), and hs-cTnT or NT-proBNP, as appropriate)

* CKD was defined as eGFR < 60 mL/min or ACR = 30mg/g
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Model performance measures with the addition of continuous hs-cTnT or NT-proBNP to Model 4 variables.

C-statistic NRI, categorical™™ NRI, continuous IDI
Model 4 0.884 (0.858 to 0.909)
hs-cTnT 0.892% (0.869 t0 0.916) | 0.001 (-0.037100.040) | 0195 (0.067 t0 0.322) | 0.010T (0.003 t0 0.018)
NT-proBNP 0.888% (0.864 t0 0.913) | 0-005(-0.024100.034) | 0 148% (0.020 to 0.276) | 0.004 (-0.001 to 0.009)
hs-cTnT and NT-proBNP | o 8g4% (0.871 t0 0.917) | 0.005 (-0.036t0 0.046) | 176" (0.048 t0 0.303) | 0.012T (0.003 t0 0.020)

*
P<0.001

TP<O.Ol

IP<O.05

£

10-year risks of 10% and 30% were used as thresholds for categorical NRI.

Note: Data are given as value (95% confidence interval). All prediction statistics were based on 10-year predicted risk. Model 4 variables included:
age, gender, race, systolic blood pressure, antihypertensive medication, smoking, alcohol intake, level of education, body mass index, total and
high-density lipoprotein cholesterols, diabetes, history of cardiovascular disease, estimated glomerular filtration rate and albuminuria (albumin-

creatinine ratio) at baseline

Abbreviations: hs-cTnT, high-sensitivity cardiac troponin T; NT-proBNP, N-terminal pro-brain natriuretic peptide; net reclassification
improvement (NRI), integrated discrimination improvement (IDI)
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