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Objective: Low-level high-sensitivity cardiac troponin T (hs-cTnT) increases in elderly 

population. In this study, the relationship between hs-cTnT level and all-cause death of elderly 

inpatients with non-acute coronary syndrome (non-ACS) after discharge from the hospital 

was investigated.

Materials and methods: Non-ACS patients aged .65 years admitted in the General Practice 

Wards and Department of Geriatrics of Fuxing Hospital Affiliated to Capital Medical University 

were enrolled in the study. The patients were grouped according to the tertiles of hs-cTnT 

levels. Biochemical markers, hs-cTnT, and amino-terminal pro-brain natriuretic peptide were 

measured. The median follow-up period was 47 months, and all-cause deaths of the patients 

were observed.

Results: A total of 722 patients, including 473 males and 249 females, aged 65–98 (82.43±5.98) 

years were enrolled in the study. The level of hs-cTnT was found to be higher in males, and 

increased with age and comorbidities (P,0.01). Compared with low-level group, NT-proBNP 

level of patients in high-level group was higher, while hemoglobin (Hb), estimated glomerular 

filtration rate (eGFR), and left ventricular ejection fraction (LVEF) levels were lower (P,0.001). 

The mortality rate increased significantly with increased hs-cTnT levels (P,0.001). The total 

number of deaths was 136 (18.8%), and of these, 108 (79.4%) were noncardiac deaths. Risk 

of all-cause deaths in the highest hs-cTnT level group was 7.3 times higher than that of the 

lowest hs-cTnT level group (95% CI: 4.29–12.51, P,0.001). After adjusting for gender, age, 

comorbidities, NT-proBNP, Hb, eGFR, and LVEF, hs-cTnT level still affected the patient’s 

survival time (HR: 3.01, 95% CI: 1.67–5.43, P,0.001).

Conclusion: These findings suggest that low-level hs-cTnT was increased in elderly inpatients 

without ACS. They further highlight that baseline hs-cTnT level was associated with increased 

risk of all-cause deaths among patients after their discharge, and most deaths were from non-

cardiovascular diseases.

Keywords: high-sensitivity cardiac troponin T, elderly inpatients, non-acute coronary syn-

drome, prognosis

Introduction
Cardiac troponin T (cTnT) is the preferred indicator for diagnosing myocardial 

infarction due to its super-high specificity and high sensitivity.1 High-sensitivity 

cTnT (hs-cTnT)2 assay can detect cTnT levels 10 times lower than those detected 

by traditional methods. This plays an important role in the early diagnosis and 

prognosis of acute coronary syndrome (ACS). Due to its high sensitivity, hs-cTnT 

can be detected in apparently healthy people and patients without myocardial 
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infarction. Some studies have also found increased hs-cTnT 

levels in the elderly population.3 Higher proportions of hs-

cTnT levels were found to be greater than the cutoff point 

in elderly population. A study conducted by Chew et al4 

demonstrated increased hs-cTnT levels in non-coronary 

events, and this was similar to the correlation of long-term 

mortality with unstable plaque-induced spontaneous myo-

cardial infarction. Gore et al3 showed that .10% of men, 

aged 65–74 years, with no cardiovascular disease had cTnT 

values above the current myocardial infarction threshold. 

Elderly inpatients usually have more comorbidities and 

functional disorders; however, it is unclear whether the 

increased values of hs-cTnT are correlated with increased 

risk of death in elderly inpatients after discharge from hos-

pital. Hence, a follow-up cohort study was performed for 

elderly inpatients without ACS to investigate the relation-

ship between baseline hs-cTnT level and death risk after 

discharge from hospital.

Materials and methods
study subjects
A total of 722 patients admitted in the General Practice 

Wards and Department of Geriatrics of Fuxing Hospital 

Affiliated to Capital Medical University were enrolled in 

June 2010. Inclusion criteria were as follows: patients should 

be aged $65 years and willing to sign informed consent. 

Patients with ACS, acute stroke, acute or chronic cardiac 

failure, malignancies, bedridden status, poor general con-

dition, disturbance of consciousness, and who received 

hemodialysis were excluded. This study was approved by the 

Ethics Committee of Fuxing Hospital Affiliated to Capital 

Medical University.

Methods
General data of the patients were collected, including age, 

gender, height, weight, body mass index (weight/height 

squared), and heart rate, as well as comorbidities such as 

stable coronary artery disease (CAD), hypertension, diabetes 

mellitus (DM), cerebral infarction, COPD, chronic kidney 

disease (CKD), and atrial fibrillation (AF).

Biochemistry
The patients were asked to fast for more than 12 h, following 

which their venous blood samples were collected. hs-cTnT 

was measured using a kit from Roche Diagnostics. hs-cTnT 

level .14 ng/L was considered as the upper limit of the 

99th percentile in diagnosing acute myocardial infarction. 

The patients were grouped based on the tertiles of hs-cTnT 

level. Serum creatinine, fasting blood glucose (FBG), 

and amino-terminal pro-brain natriuretic peptide (NT-

proBNP) were determined. Estimated glomerular filtration 

rate (eGFR) was calculated based on China’s simplified 

Modification of Diet in Renal Disease formula, which 

was as follows: eGFR=175× (serum creatinine/88.4)−1.234× 
(age)−0.169(female×0.79);5 eGFR ,60 mL/min⋅1.73 m2 was 

considered as decreased renal function.

Ultrasonic cardiogram
Ultrasonic cardiogram was performed using Philips IE33 

with the probe of S5-1 and a spectrum of 3.0–3.5 MHz. 

The patients were placed on the left lateral position and 

had to have stable breathing. Standardized two-dimensional 

echocardiography was performed based on the recommen-

dations from the American Society of Echocardiography. 

Quality control was performed to evaluate the accuracy, 

sensitivity, and stability of the instrument before the 

examination. Interventricular septal depth, left ventricular 

post-wall depth, and left ventricular end-diastolic diameter 

were measured in the long-axis view of the parasternal left 

ventricle. The left ventricular ejection fraction (LVEF) was 

measured using improved single-plane Simpson’s method 

under standard apex four-chamber and two-chamber views. 

Height, weight, and body surface area of the patients 

were calculated. The left ventricular mass was calculated 

using body surface area index, and left ventricular mass 

index (LVMI) (g/m2) was calculated using The Devereux 

Method.6

Accompanying diseases
Patients were considered to have CAD if they had a prior 

history of chronic stable angina, unstable angina, or acute 

myocardial infarction and had undergone previous surgical 

or percutaneous coronary revascularization. Hypertension 

was defined as a mean systolic blood pressure of 140 mmHg, 

and/or a mean diastolic blood pressure of 90 mmHg, and/or 

use of antihypertensive medication.7 DM was defined as 

A1c of 6.5%, FBG of 7.0 mmol/L, and 2-h plasma glucose 

of 11.1 mmol/L. Oral glucose tolerance test was used for 

patients with classic symptoms of hyperglycemia or hyper-

glycemic crisis, a random plasma glucose of 11.1 mmol/L, 

or receiving antihyperglycemic medication.8 CKD was 

evaluated by eGFR.5 COPD was defined as the presence 

of a post-bronchodilator FEV
1
/FVC ,0.70 by spirometry.9 

Cerebral infarction was defined as having chronic ischemic 

cerebral infarction. AF was characterized by the replacement 

of consistent P waves by rapid oscillations or fibrillatory 

waves that varied in amplitude, shape, and timing by 

electrocardiograph.10
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Observation end point
Follow-up of patients after discharge was performed through 

phone or outpatient visits, which lasted for 12–75 months 

(medium follow-up was 47 months). The observation end 

point was all-cause death.

statistical analysis
All statistical tests were performed using SPSS software 

program version 18.0. Continuous variables were expressed 

as mean±SD or median (interquartile range). Statistical com-

parison of the groups was performed by one-way ANOVA, 

Student’s t-test, or nonparametric Kruskal–Wallis tests. 

Chi-square analysis was performed for categorical variables 

which were reported as percent of the total. The survival 

curve was established by Kaplan–Meier method, and Cox 

proportional hazard regression model was used to analyze 

the prognosis. A P-value ,0.05 was considered as statisti-

cally significant.

Results
Baseline characteristics and distribution 
of hs-cTnT
Of the 722 patients, 473 were males (65.5%), with an age 

range of 65–98 (82.43±5.98) years. The hs-cTnT levels were 

3–109 ng/L. There were 257 cases in the low-level group 

(3–10 ng/L), 231 in the medium-level group (11–16 ng/L), 

and 234 in the high-level group ($17 ng/L). hs-cTnT was 

detected in 703 patients (97.4%). Among them, hs-cTnT 

value of 319 patients (44.2%) was greater than the cutoff point 

(14 ng/L, 99th percentile upper limit [URL]; Figure 1).

A total of 233 (32.3%) patients suffered from CAD. The 

number of comorbidities was higher, and the proportion of 

patients with four or more comorbidities showed significant 

increase in hs-cTnT level (P,0.001). hs-cTnT level was 

higher in males and increased with age. Compared with the 

low-level group, the NT-proBNP and LVMI levels were 

significantly higher in the high-level group (P,0.05), while 

hemoglobin (Hb), eGFR, and LVEF were significantly lower 

(P,0.001; Table 1).

relationship between hs-cTnT level 
and death risk
The patients were followed up for an average of 47 months. 

Of the 722 patients, 45 cases (6.2%) died within 1 year. The 

total number of deaths was 136 (18.8%), and 108 deaths 

(79.4%) were noncardiac. Moreover, there were 84 deaths 

(17.2%) in population without CAD, and 52 (22.2%) in CAD 

population (Figure 2). The mortality rate of the three groups 

was compared using Kaplan–Meier curve which showed dif-

ferences among the groups: low-level group, 6.2%; medium-

level group, 15.2%, and high-level group, 36.3% (Figure 

3A). The mortality rate was also found to be increased (8.8%, 

19.2%, and 39.5%, respectively) with increased hs-cTnT 

level in CAD population (Figure 3B). The same was also 

Figure 1 Distribution of hs-cTnT.
Abbreviation: hs-cTnT, high-sensitivity cardiac troponin T.
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observed for the population without CAD, with differences 

in mortality rates among the three groups (4.7%, 14.8%, and 

34.4%, respectively) (Figure 3C, P,0.001).

The disease prognosis was analyzed using Cox regression 

model. In the total population, the risk of all-cause death in 

the highest hs-cTnT level group was 7.3 times higher than 

that of the lowest hs-cTnT level group. After adjusting for 

population factor, comorbidity, NT-proBNP, Hb, eGFR, 

LVEF, etc., hs-cTnT level was still an indicator of death risk 

(HR: 3.01, 95% CI: 1.67–5.43, P,0.001). Cox regression 

analysis was performed for population with and without 

CAD. Results suggested that hs-cTnT level was still an 

independent predictor of all-cause death of the patients, 

regardless of adjusting the risk factors or major comorbidi-

ties in the population without CAD (P,0.001), and the risk 

of mortality was higher than that of the population with 

CAD (Table 2).

Discussion
In this study, the elderly inpatients without ACS and with 

hs-cTnT .14 ng/L (99th percentile URL) comprised 44.2% 

of the population. A relation between increased hs-cTnT 

level and older age, male gender, hypertension, diabetes, 

CAD, COPD, the number of comorbidities, decreased renal 

function, anemia, and cardiac structural abnormality as 

well as decreased LVEF was observed. Cardinaels et al11 

performed a study in 495 nursing home residents with an 

average age of 82 years. The results revealed that about 

80% of patients had hs-cTnT level greater than the 99th 

percentile URL, while almost all the patients suffered from 

one accompanying disease. Wassef et al12 carried out a 

study in patients with an average age of 63 years, admitted 

in the Department of Cardiology due to chest pain. Findings 

suggested that hs-cTnT .75 ng/L had a higher accuracy in 

diagnosing acute myocardial infarction in high-risk patients 

with cardiac disease. Results of our study were consistent 

with the previous studies, suggesting slightly increased 

hs-cTnT levels in the elderly inpatients.

Results of the cohort study showed that baseline hs-

cTnT level in elderly patients without ACS was associated 

with all-cause death after discharge, and the mortality rate 

increased with increased hs-cTnT level. The mortality of 

Table 1 Characteristics of the participants

Characteristics of the 
participants

Tertile 1, n=257, 
3–10 ng/L

Tertile 2, n=231, 
11–16 ng/L

Tertile 3, n=234, 
$17 ng/L

P-value

Baseline characteristics
Age (years) 79.77±6.13 83.04±5.24 84.73±5.34 ,0.001
Male gender 140 (54.5) 152 (65.8) 181 (77.4) ,0.001
Body mass index (kg/m2) 23.39±3.30 23.62±3.30 23.80±3.29 0.376
heart rate (beats/min) 72.31±12.08 74.23±13.22 75.23±13.51 0.058

Comorbidities
CAD 64 (24.9) 78 (33.8) 91 (38.9) 0.004
hypertension 194 (75.5) 182 (78.8) 203 (86.8) 0.006
DM 77 (30) 97 (42) 99 (42.3) 0.005
Cerebral infarction 145 (56.4) 136 (58.9) 154 (65.8) 0.092
COPD 37 (14.4) 42 (18.2) 59 (25.2) 0.009
CKD 43 (16.7) 49 (21.2) 84 (35.9) ,0.001
AF 30 (11.7) 45 (19.5) 31 (13.2) 0.039

number of comorbidities
#1 78 (30.4) 46 (19.9) 31 (13.2) ,0.001
2–3 137 (53.3) 119 (51.5) 112 (47.9) 0.258
$4 42 (16.3) 66 (28.6) 91 (38.9) ,0.001

Biochemistry
nT-proBnP (pg/ml) 171 (80.06, 402.90) 297 (147.10, 606.50) 562.1 (225.40, 1,174.00) ,0.001
egFr (ml/min⋅1.73 m2) 78.73±22.69 76.48±23.59 67.86±27.54 ,0.001
hb (g/l) 131.35±15.53 128.84±19.39 123.44±21.92 ,0.001
FBg (mmol/l) 5.41±1.30 5.66±1.96 5.83±2.24 0.041

echocardiography
lVeF (%) 59.97±3.40 59.33±4.00 57.89±3.34 ,0.001
lVMI (g/m2) 117.90±31.90 123.73±37.40 128.42±40.64 0.008

Notes: Data are presented as number (%) or mean±sD or median (interquartile range). P-value is for comparison by AnOVA or Kruskal–Wallis tests.
Abbreviations: CAD, coronary artery disease; DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; AF, atrial fibrillation; 
NT-proBNP, amino-terminal pro-brain natriuretic peptide; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; FBG, fasting blood glucose; LVEF, left ventricular 
ejection fraction; lVMI, left ventricular mass index.
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patients in high-level group was 7.3 times higher than that 

of the low-level group. After considering the risk factors and 

major comorbidities and adjusting NT-proBNP, Hb, eGFR, 

and LVEF factors, the mortality in the high-level group was 

3.4 times higher than that of the low-level group. de Lemos 

et al13 performed a 6.4-year follow-up study of apparently 

healthy people in their community and found an increased 

rate of all-cause mortality with increased hs-cTnT level, 

which was 1.9% in the lowest hs-cTnT level group and as 

high as 28.4% in the highest hs-cTnT level group. hs-cTnT 

level was still an independent risk factor for all-cause death 

after factors such as traditional cardiovascular risk factors, 

C-reactive protein level, CKD, and brain natriuretic peptide 

level were adjusted. Baron et al14 found that the cTnT eleva-

tions were commonly observed in noncardiac critically ill 

patients, but often at levels undetectable by traditional assays. 

Elevation in hs-cTnT level predicted a more complex clinical 

course and an increased risk of death. Cardinaels et al11 

conducted a 1-year follow-up study among nursing home 

residents, and found that all-cause mortality in high-level 

group was 3.6 times higher than that of the low-level group. 

Our findings were consistent with the results of Cardinaels 

et al11 and de Lemos et al13 studies conducted on elderly 

inpatients without ACS; all-cause death risk increased with 

increase in the levels of baseline hs-cTnT.

A subgroup analysis of the patients with and without CAD 

demonstrated that hs-cTnT level was a predictor of all-cause 

death risk regardless of adjusting the risk factors and major 

comorbidities in the population without CAD. Moreover, 

the risk of mortality was higher than that in the population 

with CAD, suggesting increased risk of all-cause death with 

increased hs-cTnT levels in elderly patients whether or not 

diagnosed with CAD. cTnT is the biomarker of cardiac 

injury, and any factor leading to necrosis of myocardial cells, 

such as heart failure, renal failure, myocarditis, arrhythmias, 

pulmonary embolism, or otherwise uneventful percutane-

ous or surgical coronary procedures, resulted in increased 

cTnT levels. These patients should not be labeled as having 

myocardial infarction, but rather as having myocardial 

injury.1 Geriatric patients always suffer from comorbidities, 

Figure 2 Distribution of death causes.
Abbreviation: CAD, coronary artery disease.
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while noncardiac diseases are more common among geriatric 

inpatients. Nonmyocardial ischemic factors and even non-

cardiac factors might lead to increased hs-cTnT levels in 

patients with or without CAD. We found that among the total 

deaths, almost 80% were noncardiac, suggesting noncardiac 

factors as main causes of death in this study. Iversen et al15 

performed a study among 1,176 elderly inpatients who were 

grouped based on the tertiles of hs-cTnT level and found that 

the mortality rate in the highest hs-cTnT level group was 

7 times more than that in the lowest hs-cTnT level group in 

patients without ischemic heart disease. This suggests that hs-

cTnT level was the strongest predictor of all-cause death risk 

Figure 3 Kaplan–Meier curves for the estimation of risk on all-cause mortality (A–C).
Abbreviation: CAD, coronary artery disease.

Table 2 Cox regression analysis to examine the prognostic value of hs-cTnT for mortality when adjusted for significant risk factors 
and important comorbidities

Ln (hs-cTnT) All patients Patients with CAD Patients without CAD

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Univariable 7.33 (4.29–12.51) ,0.001 4.16 (1.84–9.43) 0.001 10.02 (4.93–20.36) ,0.001
Multivariable Model 1 4.85 (2.79–8.43) ,0.001 3.31 (1.44–7.59) 0.005 5.98 (2.85–12.55) ,0.001
Multivariable Model 2 4.85 (2.79–8.43) ,0.001 3.31 (1.44–7.59) 0.005 6.15 (2.93–12.89) ,0.001
Multivariable Model 3 3.01 (1.67–5.43) ,0.001 2.06 (0.86–4.96) 0.11 3.50 (1.53–8.02) ,0.001

Notes: Model 1, adjusted for age and gender. Model 2, adjusted for age, gender, hypertension, DM, COPD, AF, and CKD. Model 3, adjusted for age, gender, hypertension, 
DM, COPD, AF, CKD, nT-proBnP, hb, egFr, lVMI, and lVeF.
Abbreviations: hs-cTnT, high-sensitivity cardiac troponin T; CAD, coronary artery disease; DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease; AF, atrial 
fibrillation; CKD, chronic kidney disease; NT-proBNP, amino-terminal pro-brain natriuretic peptide; Hb, hemoglobin; eGFR, estimated glomerular filtration rate; LVMI, left 
ventricular mass index; lVeF, left ventricular ejection fraction.
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after discharge regardless of the existence of CAD. Our study 

results were consistent with the findings of this study.

Current studies have demonstrated that non-coronary 

factors, such as age, male gender, diabetes, renal functions, 

cardiac failure, and cardiac structural abnormality, lead to 

increased hs-cTnT levels.13,16–19 Except for myocardial isch-

emia, the causes for the increased low-level hs-cTnT include 

the following: 1) Increased age, cardiac aging, increase in cell 

metabolism and apoptosis, different degrees of myocardial 

vascular endothelium damage, and “physiological recon-

struction” processes due to the release of cardiac troponin 

from cardiomyocytes of elderly individuals in turn result in 

the loss of myocytes, histological changes characterized by 

hypertrophy of the residual myocytes, and myocardial struc-

tural calcification, and ultimately leads to increase in cardiac 

troponin released in cardiomyocytes.20 2) Glomerular filtration 

rate gradually declines with increase in age, causing decreased 

cardiac troponin metabolism.18 3) With growing age, a vari-

ety of cardiac structural and functional abnormalities occur, 

resulting in the damage of cardiac contraction and filling, and 

increase in the ventricular wall tension and intraventricular 

pressure, as well as increase in the hs-cTnT release.21 The 

reasons for the correlation of high hs-cTnT level with all-

cause deaths included the following: First, the patients with 

increased hs-cTnT levels were usually of older age, and their 

life expectancy was relatively short.3 Second, almost all the 

patients had at least one accompanying disease, such as CAD, 

diabetes, hypertension, CKD, or COPD. Complications of the 

above diseases, such as cardiac failure, hypoglycemia, hyper-

glycemic coma, hypotension, deterioration of renal function, 

or acute infection, were considered as high-risk factors that 

lead to patient’s death.22–24 Last, patients with high hs-cTnT 

levels usually had cardiac structural abnormality, increased 

NT-proBNP level and decreased Hb level, and so on.13,12 More-

over, they were associated with potential myocardial ischemia 

and hypoxia risk and were more prone to secondary cardiovas-

cular events, and thus associated with increased death risk.

limitations
Our study has few limitations. First, we focused only on col-

lecting the baseline hs-cTnT levels associated with the risk 

factors of cardiovascular disease and comorbidities, but did 

not study the follow-up measures of hs-cTnT levels. Second, 

the diagnosis of CAD was mainly based on the disease 

history, but not on the findings of coronary angiography or 

coronary CT examination. In addition, symptoms of myo-

cardial ischemia in elderly people were not typical; thus, 

ACS patients cannot be completely excluded. Third, the 

end point events during the follow-up period were relatively 

homogeneous, and rehospitalization, cardiovascular events, 

and so on were not recorded.

Conclusion
A slightly increased level of hs-cTnT was observed in the 

elderly inpatients without ACS, and about half of the hs-cTnT 

levels were higher than the 99th percentile URL. Baseline 

hs-cTnT level was associated with increased all-cause death 

risks after discharge, and most of the deaths occurred from 

non-cardiovascular diseases. The prognostic value of hs-

cTnT among the elderly inpatients with or without CAD 

was strongly associated with the mortality rate. Moreover, 

hs-cTnT measurement in elderly inpatients without ACS 

helped to assess the risk of all-cause deaths.
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