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Abstract
Objectives: Persistent elevation of cardiac troponin T (cTnT), which is considered as a sensitive and
speci�c biomarker of myocardial injury, is frequently observed in patients with renal insu�ciency.
Meanwhile, estimated glomerular �ltration rate (eGFR) is an independent risk factor of cardiovascular
diseases. With a highly sensitive assay, the prevalence of detectable highly sensitive cTnT (hs-cTnT) is
greatly improved even in general population. The aim of this study was to better understand the
relationship between renal function (eGFR) and myocardial injury (hs-cTnT) in a community-based
population.

Methods: We analyzed the relationship between baseline eGFR and follow-up hs-cTnT, and the change of
hs-cTnT in 1354 participants after 4.8 years follow-up.

Results: In Pearson’s correlation analysis, baseline eGFR showed a negative relationship with follow-up
hs-cTnT (r=-0.439; P < 0.001). In multiple linear regression analysis, baseline eGFR was independently and
negatively associated with follow-up hs-cTnT (β=-0.310, P = 0.005). Stepwise logistic regression models
revealed that baseline eGFR was signi�cantly associated with the change in hs-cTnT after 4.8 years
follow-up. However, the change in eGFR was not associated with the change in hs-cTnT.

Conclusions: Baseline eGFR levels were independently and negatively associated with follow-up hs-cTnT.
Furthermore, baseline eGFR levels were an independent predictor of the change in hs-cTnT 4.8 years
follow-up, indicating a relationship between renal function and myocardial injury in a community-based
population.

Introduction
Cardiac troponin T (cTnT), a 37-kD polypeptide mainly expressed by cardiomyocytes, is a speci�c and
sensitive biomarker of myocardial injury. It has already been used clinically to help diagnosing
cardiovascular diseases (CVD) including acute coronary syndromes [1–3], and elevated cTnT levels are
proved to correlate with worse prognosis [4–5]. With the development of highly sensitive cardiac troponin
T (hs-cTnT) assays, the limit of detection becomes lower than before [6–8], and its diagnostic and
prognostic values enhanced [8–10]. Moreover, minimal elevated hs-cTnT levels have also been found in
general populations without overt CVD [11]. Although the cause and signi�cance still remain unclear,
these minimal elevations seem to indicate worse prognosis as well [11].

CVD is one of the leading causes of morbidity and mortality in patients with chronic kidney disease
(CKD). Patients with CKD are more likely to die from CVD than to progress to end-stage renal disease
(ESRD) [12]. Previous studies have proved that decreased estimated glomerular �ltration rate (eGFR) is an
independent risk factor of CVD [13–14]. And persistent elevation of cardiac biomarkers, such as hs-cTnT,
are also observed in patients with renal insu�ciency [15–16]. Renal function and myocardial injury seem
to interact with each other and lead to outcomes together, and the underlying mechanism is not yet clear.
Our previous study have demonstrated that low eGFR is independently and positively associated with
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elevated hs-cTnT in a community-based population. To better understand the in�uence of renal function
on hs-cTnT, in this study we measured the association between renal function at baseline and hs-cTnT
levels at follow-up in the same community-based population.

Material And Methods

Study Population
This cohort study conducted in Pingguoyuan, a community in Shijingshan district, Beijing, China.
Through cooperation between People’s Liberation Army (PLA) General Hospital and the community
management committee, physicians made a public recruiting announcement within the community. This
study operated on the basis of voluntary principle and aimed to recruit community population. We
excluded bedridden or mental patients, and patients with severe systemic diseases from this study. At
�rst, after routine physical examinations performed in community medical center, 1680 participants (age 
≥ 18 years) were selected between September 2007 and January 2009. Adequate measurements and
questionnaires were obtained, and their blood were collected for further detection. These participants
were continuous followed. The second visit conducted during February 1 to September 30, 2013. The
average follow-up time was 4.8 years. During the second visit, adequate measurements and
questionnaires were obtained again in community medical center. 181 participants lost follow-up. The
other 1499 participants had integrated data and the follow-up rate was 89.2%. Participants with overt
CVD (including myocardial infarction, coronary artery related operation, and cerebrovascular accident) or
death were also excluded from study. Finally, 1354 remaining participants were included in this study.

Questionnaire and anthropometric measurements
Questionnaires and anthropometric measurements were carried out by quali�ed physicians from PLA
General Hospital. Face-to-face questionnaires used in our study was specially developed to collect
necessary information. Tape and digital scale were used to measure height and weight. Waist
circumference was de�ned as the middle part between the last rib and the iliac crest. Hip circumference
was de�ned as the widest part of hips. Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were detected in sitting after resting for at least 10 minutes. We measured at least twice and then took the
average for analyses.

Biomarker variable determination
After fasting for at least 12 h, blood samples of every participants were took in the morning and kept at
4 °C. Samples should be centrifuged and separated within 2 hours and then kept at -80 °C before use.
Fasting blood glucose (FBG), triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), and LDL-C were assessed by Roche enzymatic assays (Roche Diagnostics GmbH, Mannheim,
Germany) on a Roche auto-analyzer (Roche Diagnostics, Indianapolis, IN, USA). Creatinine (Cr) was
assessed by Roche enzymatic assays (Roche Diagnostics GmbH) on a Hitachi 7600 auto-analyzer
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(Hitachi, Tokyo, Japan). hs-cTnT was assessed by Elecsys Troponin T high sensitive assays (Roche
Diagnostics GmbH) on a Modular Analytics E170 auto-analyzer (Roche Diagnostics).

All blood specimens were measured in the same laboratory according to the criteria of the World Health
Organization Lipid Reference Laboratories.

De�nition of variables
Hypertension was de�ned as follows: (1) SBP ≥ 140 mmHg; (2) DBP ≥ 90 mmHg, and/or (3) the use of
antihypertensive medication. Current smoking was de�ned as smoking 1 or more cigarettes per day for at
least 1 year. Body mass index (BMI) was de�ned as weight in kilograms divided by height in meters
squared (kg/m2). Waist-hip ratio (WHR) was calculated as waist circumference divided by hip
circumference. Renal function was determined by eGFR, calculated by using the following Chronic Kidney
Disease Epidemiology Collaboration equations: GFR = 141 × min (Scr/κ, 1)α×max (Scr/κ,
1)−1.209×0.993Age × 1.018 [if female] × 1.159 [if black], where Scr is plasma creatinine levels (mg/dL), κis
0.7 for females and 0.9 for males, α is -0.329 for females and − 0.411 for males, min indicates the
minimum of Scr/κor 1, and max indicates the maximum of Scr/κor 1 [15].

Statistical Analyses
Dichotomous variables were expressed as numbers and percentages, and continuous variables were
expressed as mean ± standard deviation (SD) or median (interquartile range). Continuous variables were
tested for normality before being analyzed and were normalized by natural logarithm transformation if
necessary. All analyses were performed at a mean follow-up interval of 4.8 years.

Baseline eGFR levels were categorized as: quartile 1 (≤ 86.54 ml/min/1.73 m2), quartile 2 (86.63 to
94.99 ml/min/1.73 m2), quartile 3 (95.08 to 104.54 ml/min/1.73 m2), and quartile 4 (≥ 
104.56 ml/min/1.73 m2). All participants were divided into four groups according to their baseline eGFR
levels to analyze eGFR as a predictor of follow-up hs-cTnT. One-way ANOVA (continuous variables) or chi-
square tests (categorical variables) were performed for statistical comparison between groups. A
Pearson’s correlation analysis and a multiple linear regression analysis were performed to evaluate the
association between baseline eGFR and follow-up hs-cTnT.

Furthermore, the relationship between baseline eGFR levels and the change in hs-cTnT from baseline to
follow-up and the relationship between the change in eGFR and the change in hs-cTnT were also
investigated. Change in eGFR levels was expressed as eGFRδ (eGFRfollow−up-eGFRbaseline). eGFRδ was
categorized as eGFRδI (eGFRfollow−up-eGFRbaseline<0) and eGFRδII (eGFRfollow−up-eGFRbaseline≥0). Change
in hs-cTnT was expressed as hs-cTnTδ (hs-cTnTfollow−up-hs-cTnTbaseline). hs-cTnTδ was categorized as
hs-cTnTδI (hs-cTnTfollow−up-hs-cTnTbaseline<0) and hs-cTnTδII (hs-cTnTfollow−up-hs-cTnTbaseline≥0). A
forward stepwise multivariable logistic regression analysis was used to investigate the associations
between different groups of baseline eGFR and hs-cTnTδ, and the associations between eGFRδ and hs-
cTnTδ.
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All analyses were conducted using SPSS software for Windows, version 13.0 (SPSS Inc., Chicago, IL,
USA). A 2-sided value of P < 0.05 was considered signi�cant.

Results

Baseline characteristics of participants
Our study included 1354 participants. The number of males and females were 558 (41.21%) and 796
(58.79%) respectively, and mean age at baseline was 61.28 ± 11.27 years old. There were 356 current
smokers (26.29%), 707 hypertensive (52.22%), and 28 subjects with an eGFR < 60 ml/min/1.73 m2

(2.07%).

The baseline characteristics of participants were shown in Table 1. They were divided into four groups
based on quartile levels of baseline eGFR (≤ 86.54, 86.63–94.99, 95.08-104.54, and ≥ 
104.59 ml/min/1.73 m2). Age, sex, WHR, current smoking, hypertension, SBP, TC, TG, HDL-C, LDL-C, Cr,
and hs-cTnT across the baseline eGFR quartiles were signi�cantly different (P < 0.05).
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Table 1
Baseline characteristics of the participants according to baseline eGFR

  Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4  

    ≤ 86.54 86.63–
94.99

95.08-
104.54

≥ 104.56  

Characteristic (n = 1354) (n = 337) (n = 298) (n = 380) (n = 339) P-
value

eGFR
(ml/min/1.73 m2)

94.41 ± 
14.19

75.05 ± 
9.56

91.16 ± 
2.20

99.70 ± 
2.68

110.61 ± 
5.01

< 
0.001

Age (years) 61.28 ± 
11.27

68.57 ± 
9.09

63.50 ± 
8.89

56.55 ± 
7.82

49.36 ± 
8.92

< 
0.001

Male sex [n (%)] 558
(41.21)

171
(50.74)

118
(39.60)

163
(42.89)

106
(31.27)

< 
0.001

BMI (kg/m2) 25.50 ± 
3.41

25.61 ± 
3.30

25.39 ± 
3.55

25.55 ± 
3.41

25.44 ± 
3.39

0.863

WHR 0.82 ± 2.44 0.74 ± 0.34 0.74 ± 0.33 0.78 ± 0.27 1.0251 ± 
0.85

< 
0.001

Current smoking
[n (%)]

356
(26.29)

107
(31.75)

76 (25.50) 105
(27.63)

68 (20.06) < 
0.001

Hypertension [n
(%)]

707
(52.22)

230
(68.25)

188
(63.09)

176
(46.32)

113
(33.33)

< 
0.001

SBP (mm Hg) 128.43 ± 
18.27

134.52 ± 
19.81

130.87 ± 
17.58

126.50 ± 
17.13

122.36 ± 
16.21

< 
0.001

DBP (mm Hg) 76.84 ± 
10.33

76.46 ± 
11.25

75.84 ± 
9.76

77.61 ± 
10.36

77.23 ± 
9.81

0.173

TC (mmol/L) 5.00 ± 0.03 4.98 ± 0.94 5.15 ± 0.96 5.03 ± 0.89 4.85 ± 0.88 0.001

TG (mmol/L) 1.85 ± 1.30 1.84 ± 1.21 1.90 ± 1.49 1.89 ± 1.35 1.75 ± 1.17 < 
0.001

HDL-C (mmol/L) 1.39 ± 0.36 1.33 ± 0.36 1.42 ± 0.38 1.39 ± 0.37 1.40 ± 0.34 0.037

LDL-C (mmol/L) 2.94 ± 0.71 2.94 ± 0.72 3.04 ± 0.73 2.93 ± 0.70 2.86 ± 0.70 0.043

FBG (mmol/L) 5.40 ± 1.66 5.31 ± 1.35 5.29 ± 1.41 5.44 ± 1.69 5.56 ± 2.05 0.184

Notes: Continuous variables(age, BMI, WHR, SBP, DBP, TC,TG, HDL-C, LDL-C, FBG, Cr, hs-cTnT and
eGFR) were expressed as mean (± SD) or median (interquartile range), and categorical variables
(male, current smoking, and hypertension) were expressed as counts and percentages.

Abbreviations: estimated glomerular �ltration rate (eGFR); body mass index (BMI); waist-hip ratio
(WHR); systolic blood pressure (SBP); diastolic blood pressure (DBP); total cholesterol (TC);
triglyceride (TG); high-density lipoprotein cholesterol (HDL-C); low-density lipoprotein cholesterol (LDL-
C); fasting blood glucose (FBG); highly sensitive cardiac troponin T (hs-cTnT).
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  Overall Quartile 1 Quartile 2 Quartile 3 Quartile 4  

Cr (mmol/ L) 65.78 ± 
16.05

82.18 ± 
14.67

66.38 ± 
10.59

62.29 ± 
11.15

52.87 ± 
11.43

< 
0.001

hs-cTnT (pg/mL) 7.43 ± 9.29 9.22 ± 8.27 7.42 ± 9.96 6.86 ± 8.89 5.53 ± 
10.83

< 
0.001

Notes: Continuous variables(age, BMI, WHR, SBP, DBP, TC,TG, HDL-C, LDL-C, FBG, Cr, hs-cTnT and
eGFR) were expressed as mean (± SD) or median (interquartile range), and categorical variables
(male, current smoking, and hypertension) were expressed as counts and percentages.

Abbreviations: estimated glomerular �ltration rate (eGFR); body mass index (BMI); waist-hip ratio
(WHR); systolic blood pressure (SBP); diastolic blood pressure (DBP); total cholesterol (TC);
triglyceride (TG); high-density lipoprotein cholesterol (HDL-C); low-density lipoprotein cholesterol (LDL-
C); fasting blood glucose (FBG); highly sensitive cardiac troponin T (hs-cTnT).

Distribution characteristics of hs-cTnT
Among all participants, hs-cTnT concentrations ranged from 3.03 to 176.40 pg/mL, and its median
concentration is 7.43 ± 9.29 pg/mL. 614 (45.35%) had undetectable hs-cTnT (< 3 pg/mL), 577 (42.61%)
had hs-cTnT concentrations range from 3 to 13.2 pg/mL, and 163 (12.04%) had hs-cTnT concentrations 
≥ 13.3 pg/mL.

Relationship between baseline eGFR and follow-up hs-cTnT
The relationship between baseline eGFR and follow-up hs-cTnT as continuous variables (after natural
logarithm transformation) was analyzed and the results were shown in Table 2. Baseline eGFR showed a
negative relationship with follow-up hs-cTnT (r=-0.439; P < 0.001) in Pearson’s correlation analysis. In
multiple linear regression analysis, baseline eGFR was independently and negatively associated with
follow-up hs-cTnT (β=-0.310; P = 0.005). Additionally, baseline age (β = 0.025; P < 0.001), sex (β = 0.296; P 
< 0.001), BMI (β = 0.010; P = 0.026), and FBG (β = 0.026; P = 0.002) were also independently and positively
associated with follow-up hs-cTnT.
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Table 2
Pearson’s correlation and multiple linear regression analysis for the association between baseline eGFR

and folow-up hs-cTnT.

  Pearson Correlation Multiple Linear Regression

  r P-value β P-value

Age (years) 0.554 < 0.001 0.025 < 0.001

Male sex 0.304 < 0.001 0.296 < 0.001

Hypertension 0.228 0.521 0.039 0.295

Current smoking 0.173 < 0.001 0.008 0.834

BMI (kg/m2) 0.060 0.037 0.010 0.026

WHR 0.012 0.685 0.004 0.463

SBP (mm Hg) 0.233 < 0.001 0.001 0.575

DBP (mm Hg) 0.015 0.605 -0.002 0.379

TC (mmol/L) 0.011 0.715 0.046 0.248

TGa (mmol/L) 0.045 0.124 -0.026 0.480

HDL-Ca (mmol/L) -0.147 < 0.001 -0.110 0.193

LDL-C (mmol/L) 0.024 0.417 -0.049 0.283

FBG (mmol/L) 0.083 0.005 0.026 0.002

eGFRa (ml/min/1.73 m2) -0.439 < 0.001 -0.310 0.005

Abbreviations: r, Pearson correlation coe�cient; β, stepwise multiple linear regression coe�cient.
Covariates in the multiple-adjusted models included age; sex; hypertension; current smoking; body
mass index (BMI); waist-hip ratio (WHR); systolic blood pressure (SBP); diastolic blood pressure
(DBP); total cholesterol (TC); triglyceride (TG); high-density lipoprotein cholesterol (HDL-C); low-
density lipoprotein cholesterol (LDL-C); fasting blood glucose (FBG); and estimated glomerular
�ltration rate (eGFR).

aNatural logarithm-transformed.

Relationship between baseline eGFR and hs-cTnTδ
Stepwise logistic regression models were performed to evaluate the relationship between different
quartiles of baseline eGFR and hs-cTnTδ, and Quartile 4 was used as the reference. The results were
shown in Table 3. In unadjusted models, hs-cTnTδ was signi�cantly associated with baseline eGFR in
quartile 1 (OR, 3.452; 95% CI, 2.443–4.878; P < 0.001), quartile 2 (OR, 1.508; 95% CI, 1.054–2.158; P = 
0.024), and quartile 3 (OR, 1.554; 95% CI, 1.107–2.180; P = 0.011). Furthermore, after adjusting for age
and sex (model 1) and for hypertension, current smoking, BMI, eGFR, FBG, and plasma levels of TG, TC,
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HDL-C, LDL-C (model 2), hs-cTnTδ maintained association with baseline eGFR in quartile 1 (OR, 4.447;
95% CI, 2.279–8.678; P < 0.001), quartile 2 (OR, 1.818; 95% CI, 1.124–2.941; P = 0.015), and quartile 3 (OR,
1.831; 95% CI, 1.068–3.138; P = 0.028).

Table 3
Logistic regression analysis for the association between baseline eGFR and hs-cTnTδ

  Quartile 1 vs Quartile 4 Quartile 2 vs Quartile 4 Quartile 3 vs Quartile 4

  ≤ 86.54 vs ≥ 
104.56

  86.63–94.99 vs ≥ 
104.56

  95.08-104.54 vs ≥ 
104.56

 

  OR (95% CI) P-
value

OR (95% CI) P-
value

OR (95% CI) P-
value

hs-cTnTδ            

Unadjusted 3.452(2.443–
4.878)

< 
0.001

1.508(1.054–
2.158)

0.024 1.554(1.107–
2.180)

0.011

Model 1 3.166(2.209–
4.539)

< 
0.001

1.498(1.043–
2.151)

0.029 1.567(1.111–
2.210)

0.010

Model 2 4.447(2.279–
8.678)

< 
0.001

1.818(1.124–
2.941)

0.015 1.831(1.068–
3.138)

0.028

Abbreviations: Data are presented as odds ratios and corresponding 95% con�dence intervals (CIs).
Model 1: adjusted for age, sex; model 2: adjusted for age; sex; hypertension; current smoking; body
mass index (BMI); waist-hip ratio (WHR); systolic blood pressure (SBP); diastolic blood pressure
(DBP); total cholesterol (TC); triglyceride (TG); high-density lipoprotein cholesterol (HDL-C); low-
density lipoprotein cholesterol (LDL-C); fasting blood glucose (FBG); and estimated glomerular
�ltration rate (eGFR).

Relationship between eGFRδ and hs-cTnTδ
No signi�cant association between eGFRδ and hs-cTnTδ was shown after a stepwise logistic regression
analysis. The results were shown in Table 4.
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Table 4
Logistic regression analysis for the association between eGFRδ and hs-cTnTδ

  eGFRδ

hs-cTnTδ OR (95%CI) P-value

Unadjusted 1.095(0.679–1.767) 0.709

Model 1 1.288(0.772–2.149) 0.332

Model 2 1.241(0.726–2.122) 0.431

Abbreviations: Data are presented as odds ratios and corresponding 95% con�dence intervals (CIs).
Model 1: adjusted for age, sex; model 2: adjusted for age; sex; hypertension; current smoking; body
mass index (BMI); waist-hip ratio (WHR); systolic blood pressure (SBP); diastolic blood pressure
(DBP); total cholesterol (TC); triglyceride (TG); high-density lipoprotein cholesterol (HDL-C); low-
density lipoprotein cholesterol (LDL-C); fasting blood glucose (FBG); and estimated glomerular
�ltration rate (eGFR).

Discussion
In the present cohort study based on community population, we aimed to further investigate the
association between eGFR and hs-cTnT. We found that baseline eGFR were independently and negatively
associated with follow-up hs-cTnT. Furthermore, baseline eGFR was an independent and positively
predictor of the change in hs-cTnT (hs-cTnTδ) after 4.8 years of follow-up. However, we couldn’t prove the
association between eGFRδ and hs-cTnTδ. Together with the results from our present study, we
con�rmed that renal function was related to myocardial injury, and decreased renal function could lead to
increased myocardial injury in community-based population without overt CVD.

Troponins are thin myo�lament proteins including three isoforms: cardiac troponin I, C and T (cTnI, cTnC
and cTnT). They are coded by separate genes differed in structure, and cTnT is cardio-speci�c. They form
a complex to regulate the contraction of striated muscles, and release quickly from cytoplasm when
cardiomyocytes get injured [17–19]. The measurement of circulating cTnT assists in diagnosing
myocardial injury including acute coronary syndromes and acute myocardial infarction, facilitating risk
strati�cation, and evaluating treatment strategies [20–22]. However, with the development of highly
sensitive assays, the detection limit of hs-cTnT is much lower than before, and the prevalence of
detectable hs-cTnT is greatly improved in general population without overt CVD [23–24]. In our current
study, among 1354 participants aged 61.28 ± 11.27 years old, 740 (54.65%) of them had detectable hs-
cTnT concentrations above 3 pg/mL. The prevalence of hs-cTnT concentrations above 13.3 pg/mL was
approximately 12.0%, which is similar to the prevalence in another study conducted in the majority of
community-dwelling older adults [24].

As is well known, CVD accounts for nearly half of the deaths in patients with ESRD, and patients with
renal insu�ciency also have a high risk for CVD and progress early to CVD before reaching dialysis [25].
The mutual effect between renal function and CVD is evident. As a speci�c and sensitive biomarker of
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myocardial injury, hs-cTnT elevation was found in patients with renal insu�ciency, and associated with
increased risk for mortality, even in the absence of clinically suspected ischemic heart disease [26–28].
Thus, in the current study we sought to further explore the relationship between renal function and
myocardial injury, and the predictive value of eGFR on hs-cTnT in a community-based population after
4.8 years of follow-up. Pearson’s correlation analysis revealed that baseline eGFR showed a negative
association with follow-up hs-cTnT (r=-0.439; P < 0.001), and this association remained independently
and negatively in multiple linear regression analysis (β=-0.310, P = 0.005). Additionally, after stepwise
adjusting for conventional cardiovascular prognostic indicators, such as plasma lipid levels,
hypertension, BMI, and FBG, baseline eGFR was independently and positively associated with hs-cTnTδ
(quartile 1: OR, 4.447; 95% CI, 2.279–8.678; P < 0.001, quartile 2: OR, 1.818; 95% CI, 1.124–2.941; P = 
0.015, and quartile 3: OR, 1.831; 95% CI, 1.068–3.138; P = 0.028). These results implied that impaired
renal function could lead to increased myocardial injury, and the worse the renal function at baseline, the
more serious the myocardial injury as time progressed.

The pathophysiologic mechanisms responsible for the release of hs-cTnT in patients with renal
insu�ciency still need further exploration. Several reasons that may help explain this correlation are
provided below. Firstly, except for some major clinical presentations of CVD like acute coronary
syndromes [25], patients with renal insu�ciency also suffer from repeated episodes of clinically silent
myocardial necrosis, which could result in elevated hs-cTnT [29–30]. Secondly, some studies proposed a
theory that cTnT could resolve into small immunoreactive fragments and be cleared by kidney. This may
partly illustrate the high prevalence of elevated hs-cTnT in patients with reduced renal excretion [31–32].
Thirdly, uremic-induced myocardial ischemia or injury is another factor that should be taken into
consideration [16].

Conclusions
Taken together, by analyzing data from a community-based population, we found that baseline eGFR
levels were independently and negatively associated with follow-up hs-cTnT. Furthermore, baseline eGFR
levels were an independent predictor of the change in hs-cTnT 4.8 years follow-up, indicating a
relationship between renal function and myocardial injury in a community-based population.
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