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AbstrAct
Objective The prognostic value of cardiac troponins in 
apparently healthy populations is not well established. 
The aim of this study was to investigate the prognostic 
properties of high-sensitivity cardiac troponin T (hs-cTnT) 
for long-term adverse outcomes.
Setting A community-dwelling prospective survey of 
residents from two communities in Beijing.
Participants From September 2007 to January 2009, 
1680 participants were initially enrolled. Of these, 
1499 (870 females, mean age: 61.4 years) participants 
completed the survey and were followed up for a median 
of 4.8 years (IQR: 4.5–5.2).
Outcome measures The primary outcome was the 
occurrence of all-cause mortality and major cardiovascular 
events.
Results Overall, 820 individuals (54.7%) had detectable 
hs-cTnT levels. During the follow-up, 52 participants 
(3.5%) died, 154 (10.3%) had major cardiovascular events 
and 99 (6.6%) experienced new-onset coronary events. 
Compared with those with undetectable hs-cTnT levels, 
participants with hs-cTnT levels in the highest category 
(≥14 ng/L) had a significantly increased risk for all-cause 
mortality (adjusted HR (aHR): 2.07, 95% CI 1.05 to 3.01), 
major cardiovascular events (aHR: 3.27, 95% CI 1.88 to 
5.70) and coronary events (aHR: 4.50, 95% CI 2.26 to 
9.02) in covariate-adjusted analyses. No differences in 
stroke incidence were found (aHR: 1.27, 95% CI 0.69 to 
2.62). Also, significant associations were presented when 
hs-cTnT levels were modelled as a continuous variable 
and when analysing changes in hs-cTnT levels over time 
with adverse outcomes. The addition of troponin T levels 
to clinical variables led to significant increases in risk 
prediction with a marked improvement in the C-statistics 
(p=0.003 or lower).
Conclusions In this cohort of individuals from a 
community-based population, cTnT levels measured with 
a highly sensitive assay were associated with increases 
in the subsequent risk for all-cause mortality and major 
cardiovascular events. These results might support 
screening for at-risk individuals.

IntroductIon
Cardiovascular disease (CVD) is still the 
primary cause of morbidity and mortality 
worldwide. There is concordant evidence that 

prevention is the key to lessening the CVD 
burden, but predicting the risk of adverse 
cardiovascular events in low-risk to inter-
mediate-risk individuals is a considerable 
challenge.1 This subpopulation is at risk for 
developing CVD but is not identified during 
the early stages by current risk screening 
methods.2 3 Circulating biomarkers can be 
an important supplemental screening tool, 
and troponins are one of the most inter-
esting biomarkers in this context. Cardiac 
troponin T (cTnT) is a regulatory protein 
that is expressed by cardiac myocytes and is 
released in the setting of myocardial injury.4 5 
As a sensitive and specific marker of cardio-
myocyte damage, cTnT is typically used to 
exclude or confirm the diagnosis of acute 
myocardial infarction in the clinical setting.

However, cTnT levels can also be elevated 
and clinically meaningful in the absence 
of myocardial ischaemia. Detectable levels 
of cTnT can also be useful for detecting 
subclinical CVD and assessing CVD risk in 
the general population. However, the use of 
cTnT for clinical applications is limited, as it 
is only detectable in a small percentage of the 
general population using standard assays.6 7 
Recently, a high-sensitivity cTnT (hs-cTnT) 
assay has been developed, which can detect 
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Strengths and limitations of this study

 ► Evaluating the prognostic properties of both baseline 
high-sensitivity cardiac troponin T (hs-cTnT) and 
change in hs-cTnT for long-term adverse outcomes 
in a large community-dwelling study.

 ► Reliably detecting minimal subclinical myocardial 
injury in an apparently healthy population over a 
wide age range.

 ► Due to the lack of echocardiographic and coronary 
artery imaging data, no causal explanations on the 
associations between hs-cTnT and outcomes could 
be provided.
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concentrations that are 10-fold lower than those detect-
able with the standard fourth-generation assay. The 
introduction of this new assay has enabled the detection 
of very low levels of circulating cTnT, even in an asymp-
tomatic general population.8

Levels of cTnT, below the detection limit of standard 
assays, have been shown to be independently associated 
with adverse cardiovascular events in patients with heart 
failure (HF)9 or stable coronary heart disease (CHD).10 
However, the clinical significance of detectable cTnT with 
the use of the new assay in the apparently healthy popu-
lation has not been well established. The main objective 
of this study was to investigate the prognostic value of 
minimally detectable hs-cTnT levels in predicting adverse 
clinical events in a population of community-based 
subjects.

Methods
study population
This was a prospective observational study of people 
living in the Pingguoyuan area of the Shijingshan district, 
which is a metropolitan area of Beijing, China. Between 
September 2007 and January 2009, all permanent resi-
dents of the Han origin, aged 45 years or older (range 
45–91 years), from two communities, were invited to 
participate in a health survey that focused on identifying 
CVD risk factors. Thirty-one subjects with bedridden 
status, mental illness and severe systemic diseases were 
excluded from enrolment. Then, 1832 participants were 
included and asked to complete questionnaires. Of these, 
152 participants with overt CVD (defined as a composite 
of CHD (myocardial infarction, angina pectoris or coro-
nary insufficiency), cerebrovascular disease (stroke or 
transient ischaemic attack), congestive HF or periph-
eral vascular disease) were excluded. Adequate baseline 
measurements and cardiac biomarkers were obtained in 
1680 participants. After the initial evaluation, the recruited 
subjects were contacted every 2 years for follow-up, 
and the last follow-up visits were conducted through 
30 September 2013. The median follow-up was 4.8 (IQR: 
4.5–5.2) years. In our investigation, 181 participants were 
lost to follow-up (see online supplementary table 1) 
and were excluded from the study. Complete data were 
acquired from 1499 participants (return rate: 89.2%). 
All participants provided written informed consent at 
the time of enrolment, and the study was approved by 
the Ethics Committee of the Chinese People’s Liberation 
Army General Hospital.

data collection
Baseline characteristics were collected using self-reported 
standardised questionnaires that included demographics, 
lifestyle information, medical history and medication 
use. Anthropometrical measurements were obtained by 
trained medical doctors, and the body mass index was 
derived from heights and weights that were measured in 
participants wearing light clothing and no shoes. Blood 

pressures were measured twice on the right arm after 
5 min of rest in a sitting position, and the mean of two 
readings was used for further analysis. Participants were 
followed up for clinical outcomes by interview. Outcome 
measures were the occurrences of all-cause mortality and 
major adverse cardiovascular events (MACE). New events 
were validated by obtaining medical records and adjudi-
cated by two independent and blinded reviewers. In the 
analyses, survival time was defined as the period from the 
date of baseline blood sample collection to the date of the 
first adverse event or end of follow-up.

Biomarker assays
At the time of enrolment, baseline blood samples were 
collected from participants between 08:00 and 10:00 after 
at least 12 hours of overnight fasting. Follow-up measure-
ments were performed on blood samples, which were 
collected 4–5 years later. Serum aliquots were frozen 
at −80°C until further analyses in a central laboratory. 
Concentrations of blood glucose (fasting and 2 hours after 
an oral glucose tolerance), total cholesterol, triglycerides, 
high-density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol, uric acid and serum creatinine 
were measured by routine laboratory analysis.

Hs-cTnT levels were measured by an electrochemi-
luminescence immunoassay method using an Elecsys 
Troponin T highly sensitive assay (Roche Diagnostics, 
Mannheim, Germany) on the Modular Analytics E170 
autoanalyser (Roche Diagnostics). The lower detection 
limit of the novel assay was 3 ng/L, and the 99th percentile 
value in apparently healthy individuals has been reported 
to be 14 ng/L.11 N-terminal pro-B-type natriuretic peptide 
(NT-proBNP) concentrations were determined using an 
electrochemiluminescence immunoassay (Roche Diag-
nostics) on the Roche analyser. Levels of high-sensitivity 
C reactive protein (hs-CRP) were measured with the use 
of an immunoturbidimetric assay (Siemens Healthcare 
Diagnostics, Plainfield, Indiana, USA) on a Dimension 
RxL Max analyser (Siemens Healthcare Diagnostics).

Estimated glomerular filtration rate (eGFR) was calcu-
lated using the Chinese Modification of Diet in Renal 
Disease equation. Details of the computing equation have 
been published elsewhere.12

definition of endpoints
For outcomes, we used the incidence of mortality and 
CVD morbidity after the baseline screening. All-cause 
mortality was determined by review of death certificates. 
The definition of MACE comprised non-fatal myocardial 
infarction, newly diagnosed CHD (identified by coronary 
artery imaging or receiving coronary revascularisation), 
stroke (ischaemic or haemorrhagic) and cardiovascular 
mortality. Major coronary events were defined as non-fatal 
myocardial infarction, newly diagnosed CHD and CHD 
death. Stroke was characterised as a neurological deficit 
attributed to an acute focal injury of the central nervous 
system by a vascular cause, including cerebral infarction, 
intracerebral haemorrhage (ICH) and subarachnoid 
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haemorrhage.13 Cardiovascular mortality was defined as 
mortality related to atherosclerotic heart disease (fatal 
myocardial infarction and definite fatal CHD), mortality 
following cerebrovascular disease or mortality from HF 
and other CVDs. Non-fatal myocardial infarction was 
defined by the American Heart Association diagnostic 
criteria.14

statistical analysis
Continuous variables are reported as mean±SD or 
median (IQR), and categorical variables are presented 
as counts and percentages. Hs-cTnT was modelled as 
both a categorical and a continuous variable. For the 
analyses of hs-cTnT as a categorical variable, partici-
pants were divided into four categories. Participants with 
undetectable hs-cTnT were placed in the first category as 
the reference group. Those with hs-cTnT levels greater 
than or equal to the previously reported 99th percentile 
value (14 ng/L)11 were placed in the fourth category, and 
those with levels between 3 and 14 ng/L were divided 
into two groups for categories 2 and 3, respectively, based 
on the median value of hs-cTnT. Demographic and clin-
ical variables were compared across hs-cTnT categories 
using the one-way analysis of variance tests for contin-
uous measures, Cuzick’s non-parametric trend test for 
non-normally distributed variables and χ2 tests for cate-
gorical variables.

The cumulative incidence of MACE and all-cause 
mortality for each category of hs-cTnT concentration was 
evaluated using the Kaplan-Meier method and compared 
with the log-rank test. Multivariable Cox proportional 
hazards regression models were used to analyse associa-
tions of hs-cTnT categories with outcomes, and category 1 
was used as the reference. The models were incrementally 
adjusted for demographics, traditional cardiovascular risk 
factors, renal function and other biomarkers (hs-CRP and 
NT-proBNP). We also carried out an exploratory analysis, 
in which cTnT was regarded as a continuous variable, and 
the relationship between natural logarithm-transformed 
hs-cTnT values and endpoints was assessed. In this anal-
ysis, values of cTnT that were below the lower limit of 
detection were assigned to 1.5 ng/L (ie, one-half of the 
lower limit of detection).

In view of the markedly skewed distribution of cTnT, 
changes in concentrations over time were calculated 
as the difference between the natural logarithm of the 
concentrations at follow-up and baseline. The association 
between changes in hs-cTnT levels and outcomes were 
also evaluated in Cox proportional hazards models. The 
change in hs-cTnT levels was entered as a continuous vari-
able and was adjusted for the baseline concentration of 
hs-cTnT and other relevant variables.

The discriminative capacity of a model with and without 
cTnT was estimated as C-statistics. The area under the 
receiver operating characteristic curve summarised the 
diagnostic discrimination. All data were analysed using 
the SPSS V.17.0 statistical package software. A two-sided 
value of p<0.05 was considered statistically significant.

results
Participant characteristics
For the present analyses, 1499 participants were included. 
The mean (±SD) age of participants at enrolment was 
61.4±11.4 years and 58.0% were women. Detectable base-
line cTnT levels were found in 820 individuals (54.7%; 
range  3–176.4 ng/L) and were equal to or higher than 
14 ng/L in 172 participants (11.5%). Table 1 shows 
the baseline characteristics by hs-cTnT categories. 
Compared with those with lower cTnT levels, individuals 
with higher levels were older, more likely to be male, more 
frequently hypertensive and diabetic, had lower eGFR and 
HDL-C levels, and had higher uric acid and NT-proBNP 
levels. The use of antihypertensive drugs, antidiabetic 
drugs and aspirin varied across levels of hs-cTnT.

outcomes by baseline hs-ctnt
Over a median follow-up period of 4.8 years (IQR: 
4.5–5.2), 154 participants experienced new-onset MACE 
(including 99 coronary events and 61 strokes, and some 
participants had more than one event). Fifty-two deaths 
occurred from any cause. The cumulative incidences of 
MACE and all-cause mortality by hs-cTnT categories are 
shown in figure 1A–D. As demonstrated by the Kaplan-
Meier survival analysis, there was a graded increase in the 
probability of adverse clinical events across categories. The 
unadjusted incidence rate for MACE ranged from 3.7% 
in participants with undetectable hs-cTnT levels to 23.3% 
in participants in the highest category (p<0.001, log-rank 
test). Similar trends were discovered for coronary events, 
stroke and all-cause mortality, and a particularly high risk 
was found for participants in the highest category.

Associations of baseline hs-ctnt levels with MAce and all-
cause mortality
In a series of Cox proportional hazards models adjusting 
for age and gender (model 1), and further adjusting for 
traditional cardiovascular risk factors (model 2), higher 
hs-cTnT categories demonstrated a graded association 
with MACE. Only a modest attenuation of the hazards was 
found with further adjustment for renal function (model 
3). Although a significant attenuation was discovered with 
additional adjustments for hs-CRP and NT-proBNP levels 
(model 4), hs-cTnT levels in the third category (HR: 
2.31, 95% CI 1.39 to 3.84) and fourth category (HR: 3.27, 
95% CI 1.88 to 5.70) remained independently associated 
with MACE in the fully adjusted models. Participants in 
hs-cTnT categories 3 and 4 also had a significantly higher 
risk of coronary events compared with participants with 
undetectable levels (HR: 2.76 (95% CI 1.44 to 5.31) 
and 4.50 (95% CI 2.26 to 9.02), respectively, in model 
4; table 2). However, associations of hs-cTnT levels with 
stroke events were markedly attenuated and no longer 
significant after adjusting for NT-proBNP (model 4; 
table 2). Membership in the highest hs-cTnT category was 
independently associated with all-cause mortality (HR: 
2.07, 95% CI 1.05 to 3.01) in both univariate and multi-
variate analyses.
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Table 1 Characteristics of the study population by baseline high-sensitivity troponin T levels

 

Characteristics

Hs-cTnT group (ng/L)

p Value for trend
Group 1
<3.00 (n=679)

Group 2
3.00–6.21 (n=324)

Group 3
6.22–<14 (n=324)

Group 4
≥14 (n=172)

Demographics

Age (years) 58.6±10.3 63.1±10.7 64.2±12.4 61.8±11.5 <0.001

Male sex, n (%) 202 (29.7) 163 (50.3) 170 (52.5) 94 (54.7) <0.001

BMI (kg/m2) 25.5±3.5 25.7±3.2 25.6±3.3 25.8±3.5 0.498

Medical history

Hypertension, n (%) 258 (38.0) 159 (49.1) 176 (54.3) 97 (56.4) <0.001

Diabetes mellitus, n (%) 99 (14.6) 72 (22.2) 76 (23.5) 45 (26.2) <0.001

Current smoking, n (%) 85 (12.5) 69 (21.3) 62 (19.1) 31 (18.0) 0.003

Systolic BP (mm Hg) 131.5±16.5 132.7±17.3 132.8±17.2 133.2±17.1 0.041

Diastolic BP (mm Hg) 77.1±9.7 77.3±10.0 76.4±10.5 76.1±11.1 0.372

Laboratory values

FBG (mmol/L) 5.3±1.4 5.3±1.5 5.5±1.7 5.8±1.9 0.076

PBG (mmol/L) 7.5±3.7 7.1±3.2 8.1±4.3 8.9±4.4 <0.001

Total cholesterol (mmol/L) 5.1±0.9 5.1±0.9 5.1±0.9 5.0±0.9 0.464

Triglycerides (mmol/L) 1.8±1.1 1.7±1.1 1.7±1.0 2.0±1.4 0.04

LDL cholesterol (mmol/L) 3.0±0.7 2.9±0.7 3.0±0.7 3.0±0.7 0.136

HDL cholesterol (mmol/L) 1.4±0.4 1.4±0.3 1.3±0.4 1.3±0.4 0.001

Uric acid (μmol/L) 279.0±68.2 295.9±73.3 301.2±75.4 309.5±76.2 <0.001

eGFR (mL/min/1.73 m2) 90.1±14.5 88.7±13.4 87.5±15.2 84.7±16.5 0.001

NT-proBNP (pg/mL) 37.2 (17.9, 75.3) 38.9 (17.9, 74.4) 46.6 (22.3, 90.1) 49.3 (17.1, 112) 0.003

Hs-CRP (mg/L) 2.4 (1.3, 3.4) 2.3 (1.4, 3.4) 2.2 (1.5, 3.5) 2.4 (1.6, 3.6) 0.383

Medication use

Antihypertensives, n (%) 187 (27.5) 122 (37.7) 139 (42.9) 80 (46.5) <0.001

Antidiabetics, n (%) 64 (9.4) 44 (13.6) 52 (16.0) 29 (16.9) 0.0028

Lipid-lowering drugs, n (%) 109 (16.1) 61 (18.8) 58 (17.9) 34 (19.8) 0.149

Aspirin, n (%) 137 (20.2) 79 (24.4) 89 (27.5) 55 (31.9) <0.001

Values are reported as n (%), mean±SD or median (IQR).
BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; HDL, high-density 
lipoprotein; hs-CRP, high-sensitivity C reactive protein; hs-cTnT, highly sensitive cardiac troponin T; LDL, low-density lipoprotein; PBG, 
postprandial blood glucose; NT-proBNP, N-terminal pro-type-B natriuretic peptide.

In an exploratory research of hs-cTnT as a continuous 
variable after natural logarithmic transformation, we 
found a continuous association with MACE incidence 
(per one-logarithmic unit increment; HR: 1.67, 95% CI 
1.04 to 2.68, p<0.001), coronary events (HR: 1.68, 95% CI 
1.35 to 2.08, p<0.001) or all-cause mortality (HR: 1.50, 
95% CI 1.26 to 1.79, p=0.003) in fully multivariate models 
encompassing the variables described in table 2. No asso-
ciation between stroke risk and cTnT as a continuous 
variable was found in the final adjusted models (HR: 1.06, 
95% CI 0.87 to 1.32, p=0.17).

changes in hs-ctnt concentration during follow-ups and 
subsequent events
Table 3 presents the results of Cox regression analysis 
for subsequent events in relation to changes in hs-cTnT 
concentration as a continuous variable. Changes in 

hs-cTnT concentration were strongly associated with 
subsequent events except for stroke, even in multivariable 
analyses that additionally adjusted for baseline hs-cTnT 
levels. In the fully adjusted models, the HRs for MACE 
and coronary events for every unit increase in hs-cTnT 
concentration were 1.35 (95% CI 1.08 to 1.68, p=0.008) 
and 1.44 (95% CI 1.17 to 1.77, p=0.001), respectively. 
However, an increase in hs-cTnT concentration was not 
significantly associated with stroke events (HR: 1.02, 
95% CI 0.64 to 2.19, p=0.242).

hs-ctnt and risk prediction
Hs-cTnT provided incremental prognostic information 
regarding the three endpoints when added to a model 
based on established risk indicators (table 4). The addi-
tion of hs-cTnT increased the C-statistics from 0.671 to 
0.698 (p=0.003) for the prediction of all-cause mortality. 
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Figure 1 Risk for cardiovascular events and all-cause mortality by baseline hs-cTnT level. Kaplan-Meier survival curves 
indicating cumulative incidence of major adverse cardiovascular events (A), coronary event (B), stroke (C) and all-cause mortality 
(D) across baseline hs-cTnT categories. Groups are indicated by colours; p<0.001 for all between-group comparisons by the 
log-rank test. Hs-cTnT, highly sensitive cardiac troponin T.

The prediction of MACE also improved from 0.702 to 
0.734 (p<0.001).

dIscussIon
The main purpose of the current study was to evaluate 
the usefulness of measuring hs-cTnT for predicting major 
cardiovascular events and all-cause mortality in a commu-
nity-dwelling study of general population. There were 
several valuable findings. First, the up-to-date generation 
of cTnT assay allowed for minimal subclinical myocar-
dial injury to be reliably detected in some individuals of a 

general population covering a wide age range. There was 
no need to restrict the study to morbid or high-risk indi-
viduals. Second, baseline and kinetic changes in hs-cTnT 
concentration were powerful and independent predictors 
of long-term MACE and all-cause mortality. Finally, these 
risk predictions were persistent, even after adjusting for 
traditional cardiovascular risk factors and biomarkers of 
inflammation and cardiac wall strain.

Cardiac troponins are generally the preferred biomarkers 
of myocardial necrosis and are typically used in the diag-
nosis of acute coronary syndromes. But the recently 
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Table 2 Cox proportional hazards models analysis for associations between baseline hs-cTnT levels and outcomes

HR (95% CI)

Group 1
<3.00 ng/L

Group 2
3.0–6.21 ng/L

Group 3
6.22–<14 ng/L

Group 4
≥14 ng/L

No   679 324 324 172

MACE n=25 (3.7%) n=30 (9.3%) n=59 (18.2%) n=40 (23.3%)

  Model 1 1 (Reference) 1.65 (0.97 to 2.81) 2.65 (1.64 to 4.27) 4.20 (2.51 to 7.02)

  Model 2 1 (Reference) 1.52 (0.89 to 2.59) 2.41 (1.48 to 3.91) 3.82 (2.27 to 6.43)

  Model 3 1 (Reference) 1.52 (0.89 to 2.61) 2.38 (1.47 to 3.88) 3.79 (2.26 to 6.39)

  Model 4 1 (Reference) 1.68 (0.97 to 2.92) 2.31 (1.39 to 3.84) 3.27 (1.88 to 5.70)

Coronary event n=14 (2.1%) n=17 (5.3%) n=41 (12.7%) n=27 (15.7%)

  Model 1 1 (Reference) 1.69 (0.83 to 3.44) 3.39 (1.82 to 6.29) 5.23 (2.7 to 10.14)

  Model 2 1 (Reference) 1.61 (0.78 to 3.29) 3.25 (1.74 to 6.07) 5.5 (2.84 to 10.64)

  Model 3 1 (Reference) 1.57 (0.76 to 3.22) 3.09 (1.65 to 5.79) 5.14 (2.65 to 9.98)

  Model 4 1 (Reference) 1.42 (0.71 to 2.89) 2.76 (1.44 to 5.31) 4.50 (2.26 to 9.02)

Stroke event n=11 (1.6%) n=13 (4.0%) n=20 (6.2%) n=17 (9.9%)

  Model 1 1 (Reference) 1.59 (0.71 to 3.57) 1.94 (0.91 to 4.14) 3.84 (1.75 to 8.43)

  Model 2 1 (Reference) 1.47 (0.65 to 3.29) 1.77 (0.83 to 3.79) 3.19 (1.42 to 7.16)

  Model 3 1 (Reference) 1.47 (0.65 to 3.31) 1.70 (0.79 to 3.66) 3.16 (1.41 to 7.10)

  Model 4 1 (Reference) 1.03 (0.50 to 2.09) 1.13 (0.57 to 2.14) 1.27 (0.69 to 2.62)

All-cause mortality n=8 (1.2%) n=7 (2.2%) n=16 (4.9%) n=21 (12.2%)

  Model 1 1 (Reference) 1.13 (0.41 to 3.14) 1.99 (0.83 to 4.76) 6.14 (2.61 to 14.46)

  Model 2 1 (Reference) 1.13 (0.41 to 3.14) 1.78 (0.73 to 4.35) 4.87 (1.99 to 11.88)

  Model 3 1 (Reference) 1.14 (0.41 to 3.16) 1.79 (0.73 to 4.38) 4.87 (1.99 to 11.88)

  Model 4 1 (Reference) 1.01 (0.40 to 1.15) 1.09 (0.43 to 2.76) 2.07 (1.05 to 3.01)

Models are defined as follows: model 1=adjusted for age and gender; model 2=adjusted for model 1 + presence of hypertension or diabetes 
mellitus, current smoking status, systolic blood pressure, postprandial blood glucose, total cholesterol, high-density lipoprotein cholesterol, 
antihypertensive medication use and antidiabetic medication use; model 3=adjusted for model 2 + estimated glomerular filtration rate; 
model 4=adjusted for model 3 + high-sensitivity C reactive protein and N-terminal pro-B-type natriuretic peptide (both after logarithmic 
transformation).
hs-cTnT, highly sensitive cardiac troponin T; MACE, major adverse cardiovascular event.

Table 3 Association of changes in high-sensitivity cardiac 
troponin T (hs-cTnT) concentrations with subsequent events

Multivariable-
adjusted HR 95% CI p Value

Major adverse 
cardiovascular 
event

1.35 1.08 to 1.68 0.008

Coronary event 1.44 1.17 to 1.77 0.001

Stroke event 1.02 0.64 to 2.19 0.242

Data are presented as HRs and 95% CIs for a 1-unit increase in 
the change in hs-cTnT on a log scale. Multivariable model was 
adjusted for the covariates listed for model 4 in table 2, plus the 
baseline hs-cTnT level.

available hs-cTnT assay has allowed for the detection of 
much lower concentrations of circulating cTnT. More 
recent observations using this new assay have shown that 
very low levels of circulating cTnT can be detectable, these 
levels of circulating cTnT can provide information about 
coronary plaque characteristics and mortality in patients 

with stable CHD,15 16 and very low levels of circulating cTnT 
can even be detected in the general population.17 18 The 
exact mechanisms of troponin release in apparently healthy 
individuals are not well clarified. One possibility is the exis-
tence of asymptomatic cardiac ischaemia with minimal 
myocardial injury, which results in the asymptomatic release 
of troponins.19 Other mechanisms include cardiomyocyte 
apoptosis,20 physiological cell turnover,21 or subclinical 
cardiac structural or functional abnormalities.22 23

The prognostic implications of hs-cTnT assays among 
apparently healthy individuals have recently been 
explored in three large cohort studies.18 24 25 However, 
these studies focused on middle-aged and elderly subjects 
from Western countries. Our study extends the findings to 
the Asian population and demonstrates the significance 
of the hs-cTnT assay in risk assessment. To the best of our 
knowledge, this is the first study to evaluate the potential 
utility of the hs-cTnT assay in a Chinese population. One 
important finding is the observation that the presence of 
an elevated hs-cTnT level (in the highest category) was 
associated with adverse outcomes regarding all-cause 
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Table 4 Discrimination of adverse outcomes with the addition of high-sensitivity cardiac troponin T (hs-cTnT) to the clinical 
risk factor model

 

Endpoint

C-statistics (95% CI)

Clinical model Clinical model + hs-cTnT p Value

All-cause mortality 0.671 (0.646 to 0.704) 0.698 (0.680 to 0.725) 0.003

Major adverse cardiovascular 
event

0.702 (0.680 to 0.726) 0.734 (0.714 to 0.758) <0.001

Coronary event 0.713 (0.701 to 0.735) 0.749 (0.729 to 0.768) <0.001

Stroke event 0.683 (0.665 to 0.709) 0.697 (0.674 to 0.729) 0.09

The clinical risk factor model included age, gender, body mass index, current smoking status, diabetes mellitus, systolic blood pressure, 
diastolic blood pressure, total cholesterol, high-density lipoprotein cholesterol and estimated glomerular filtration rate.

mortality and MACE. However, there were no associations 
between minimally detectable hs-cTnT levels, especially 
those below 6.2 ng/L, and death or MACE. It has been 
proposed that such levels may be physiological, reflecting 
normal myocardial cell turnover and apoptosis within the 
senescent heart tissue.26 The levels may also be a result of 
the cortisol response to mental stress in healthy adults.27 
Further research is required to determine which hs-cTnT 
threshold value may best be used in risk prediction.

Although other biomarkers, such as hs-CRP and 
NT-proBNP, have been used to identify apparently 
healthy individuals who are at increased CVD risk,28 29 our 
investigation indicates that hs-cTnT was also independent 
of these biomarkers. In this cohort, although associations 
with death and cardiovascular events were significantly 
attenuated after additional adjustments for levels of 
NT-proBNP, hs-cTnT remained independently predic-
tive of endpoints in the final model, suggesting that the 
two biomarkers convey slightly different information for 
cardiac structural and functional abnormalities. The HRs 
remained statistically significant after adjusting for tradi-
tional cardiovascular risk factors and renal function, and 
were consistent with results from other studies.8 30 These 
data indicate that very low levels of cTnT may be used 
to identify subclinical myocardial injury and estimate 
the risk of cardiovascular events, which are currently 
not fully estimated by established methods. Also, associ-
ations of hs-cTnT concentration with all-cause mortality 
and MACE were consistent in the stratification analysis 
defined by sex.

Our data also suggest that even minimal changes in low 
levels of cTnT have prognostic characteristics and can 
help to identify individuals at long-term risk for adverse 
events. There seemed to be a dose-dependent relationship 
between increased hs-cTnT and increased risk. Similarly, 
deFilippi et al24 have reported that changes in cTnT 
concentrations, which were determined with a highly 
sensitive assay, are significantly associated with incident 
HF events and cardiovascular death in community-based 
older adults. Furthermore, in a prospective cohort of 
ambulatory older adults, a strong increase in the risk of 
sudden cardiac death31 and incident atrial fibrillation32 
was associated with changes in hs-cTnT concentrations 

over time. Although these changes may reflect normal 
physiological variation, their relation to future adverse 
events, regardless of baseline hs-cTnT levels, indicates 
that they may really represent dynamic changes in risk 
stratification.

In contrast to the strong associations with mortality and 
MACE, hs-cTnT concentration was not associated with 
stroke occurrence after adjusting for multiple variables. 
There are several potential explanations for this finding. 
First, cardiac troponin specifically reflects myocardial 
necrosis or subclinical myocardial injury. Some studies 
have indicated that in comparison with coronary athero-
sclerosis, structural heart abnormalities are more powerful 
determinants of myocardial injury in the general popula-
tion.33 34 Second, the Atherosclerosis Risk in Communities 
Study35 showed that elevated plasma hs-cTnT levels are 
associated with an increased risk of non-lacunar isch-
aemic strokes, and especially cardioembolic stroke, but 
not with haemorrhagic stroke in the general population. 
Epidemiological data have demonstrated that there are 
differences in incidence rates of stroke subtypes between 
Chinese and Western populations. ICH accounts for 
only 10%–15% of strokes in most Western populations,36 
whereas up to 55% of strokes in the Chinese population 
are due to ICH.37 Although an analysis for ischaemic 
stroke as an endpoint was conducted (data not shown), 
less than half of all strokes were due to ischaemia, and it 
was impossible to achieve statistical significance.

Our study has several limitations. First, cardiovascular 
treatment has changed over time, and it is possible that a 
higher frequency of the use of medications, such as statins 
and antiplatelet drugs, could have lowered the predictive 
value of hs-cTnT. Second, no echocardiographic and coro-
nary artery imaging data were obtained. Thus, no causal 
explanations for the associations among hs-cTnT levels, 
cardiac abnormalities and outcomes could be provided. 
Third, the incidence rate of adverse events was relatively 
low in this cohort, and hs-cTnT levels were detected in 
a considerable proportion. This could limit its potential 
for predicting long-term events. Finally, the study popu-
lation was restricted to Chinese residents of Han origin. 
Extrapolation of the results to other demographic groups 
should be done with caution. The predictive value of 
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hs-cTnT needs to be further validated in other observa-
tional studies.

conclusIon
In this prospective cohort of a community-dwelling popu-
lation, we found that both baseline cTnT and changes in 
cTnT, as detected by a highly sensitive assay, were inde-
pendently associated with adverse outcomes. The results 
suggest that cTnT may be an important biomarker in 
the prediction of mortality and cardiovascular events in 
apparently healthy individuals. Further investigations are 
warranted to elucidate the mechanisms for cTnT release 
in these individuals and to test whether active inter-
ventions can reduce the associated risk contributed by 
elevated troponin levels.
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