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Abstract

Background
Chronic elevation of cardiac troponin I (cTn-I) has been associated with severe angiographic coronary
artery disease (CAD) in asymptomatic patients with end-stage renal disease (ESRD) on hemodialysis.
However, for patients presenting with an acute rise in serum cTn-I levels, the association is less clear.

Methods
We performed a single-center retrospective analysis of 364 hemodialysis patients. Using coronary
angiography, we correlated the asymptomatic baseline elevation of cTn-I with the severity of coronary
artery stenosis when hemodialysis patients present with acute symptomatic elevation in serum cTn-I
above baseline levels.

Results
In hemodialysis patients presenting with a rise in serum cTn-I above baseline levels, 59% had severe CAD,
and 17% had no angiographic evidence of CAD. Hemodialysis patients with severe CAD had signi�cantly
higher baseline cTn-I levels compared to patients with non-severe CAD or normal coronaries (p < 0.0001).
Baseline elevation of cTn-I in the severe CAD group was correlated with the degree of CAD occlusion (R2

of 0.56, p < 0.0001), �tting a positive linear model. Furthermore, baseline cTn-I differentiates between
patients with and without severe CAD with a test accuracy of 0.72 (95% CI, 0.69–0.75, p < 0.001). At a
value of ≥ 0.2 ng/mL (cutoff value for myocardial necrosis), the speci�city of baseline cTn-I for
underlying severe CAD was 0.95.

Conclusions
Elevated baseline cTn-I has good accuracy for anticipating more advanced angiographic CAD when
hemodialysis patients present with a symptomatic rise in serum cTn-I above baseline levels. Baseline
elevation of cTn-I can be used for cardiac disease risk management in hemodialysis patients presenting
with symptoms suggestive of CAD.

Background
In patients with end-stage renal disease (ESRD) on hemodialysis, coronary artery disease (CAD) is present
in about 42% of this population, and is the leading cause of mortality (~ 50% of deaths) [1, 2]. Cardiac
troponin I (cTn-I) is the preferred cardiac biomarker for the diagnosis of myocardial infarction (MI) in
patients with both normal renal function and those on hemodialysis [3]. Also, cardiac biomarkers are a
sensitive prognostic tool for poor survival, a higher risk of cardiac death and all-cause mortality in
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clinically stable hemodialysis patients [4–7]. Baseline cTn-I is elevated in the majority of hemodialysis
patients in the absence of CAD symptoms. Many studies investigated the link between elevated cardiac
biomarkers and underlying cardiac pathology in asymptomatic hemodialysis patients. However, only a
few investigated the predictive role of chronically elevated cTn-I and the severity of CAD when
hemodialysis patients present with symptoms and a rise in serum cTn-I above baseline levels.

Although hemodialysis patients have high CAD-related morbidity and mortality, chronic baseline cTn-I
elevation is frequently overlooked due to the frequency of its occurrence. Also, clinicians are often
challenged regarding the appropriate workup and management of asymptomatic patients with elevated
cTn-I. This study aims to investigate the role of chronic elevation of baseline cTn-I in predicting the
severity of angiographic CAD burden in hemodialysis patients presenting with a symptomatic rise in
serum cTn-I above baseline levels. We also aim to determine if a speci�c cTn-I cutoff value can provide
further information regarding the risk of having obstructive CAD.

Materials And Methods
Study design

We conducted a retrospective analysis at the Detroit Medical Center, a major academic medical center
a�liated with Wayne State University. We conducted this study in accordance with the Declaration of
Helsinki. The study protocol (1710000950) was approved by the Ethics Committee of our hospital and
the medical institutional review board approved the study (M1 IRB 110717M1X). The need for informed
consent was waived from the ethics committee given the retrospective nature of the analysis.

We screened all patients with a history of ESRD on hemodialysis who were hospitalized between July
2014 and September 2017 for inclusion into the study. Inclusion criteria included (1) patients with ESRD
above the age of 18 on hemodialysis for three or more months, (2) patients admitted to the inpatient
ward or intensive care unit with symptoms of chest pain and/or dyspnea,(3) patients who had a rise of
serum cTn-I above baseline value with at least one value above the 99th percentile upper reference limit
(URL), (4) cTn-I measured in the last three months before the index admission, and the measurement was
not related to an acute cardiac presentation, and (5) coronary angiography performed within 48 hours of
hospital admission (Figure 1). Exclusion criteria included patients with known prior history of CAD,
cocaine abuse (historical or documented by positive urine drug screening), acute sepsis, bleeding, severe
anemia, and pulmonary embolism.

Study variables

CAD severity was quanti�ed according to the coronary angiographic luminal narrowing, based on the
original report, into none, mild (coronary stenosis < 50%), moderate (coronary stenosis 50-70%), and
severe (coronary stenosis > 70%, or thrombus) in one or more major epicardial vessels, including the left
anterior descending, left circum�ex, and right coronary arteries. Demographic information and clinical
characteristics were obtained by review of electronic medical records. Hypertension was de�ned as
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untreated systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or being on
antihypertensive medications. Hyperlipidemia was de�ned as total cholesterol ≥ 240 mg/dL, low high-
density lipoprotein cholesterol (≤40 mg/dL in men; ≤50 mg/dL in women), low-density lipoprotein
cholesterol ≥160 mg/dL, or by using lipid-lowering therapies. Diabetes mellitus was de�ned as
glycosylated hemoglobin ≥ 6.5%, or by using glucose-lowering medications. For cTn-I measurements, the
institution used Bayer ADVIA Centaur chemiluminometric‐immunoassay (Bayer Diagnostics, Tarrytown,
New York, USA) to determine serum cTn-I. The assay’s limit of detection (LoD) is 0.02 ng/mL, and the 99th

percentile URL is  0.2 ng/. cTn-I values between 0.02 and 0.2 ng/mL are considered in the indeterminate
range.

Statistical analysis

Categorical variables were presented as frequencies and percentages, while continuous variables were
presented as means ± standard deviation (SD) or standard error of the mean (SEM). cTn-I values were
transformed to their corresponding log10 to reduce data skewness and to use other analysis methods.
The normality of data distribution was tested using the D'Agostino-Pearson normality test at 95%
con�dence. All four study groups (none, mild CAD, moderate CAD, and severe CAD) were found to have a
normal distribution (P > 0.05). No outliers were identi�ed at a Z-score of ±2. All data points were included
in the subsequent analyses. 

One-way analysis of variance was used to examine the mean differences between groups of more than
two. For post-hoc analysis, Tukey's HSD test was used to compare the pair of means between groups. A
Chi-Square test was used to determine differences between categorical variables. Pearson's correlation
coe�cient and multiple linear regression model were used to correlate the severity of angiographic CAD
in the severe group with variation in baseline cTn-I levels. We calculated the test's sensitivity and
speci�city at various cTn-I cutoff values and used the Youden index to identify the optimal cutoff point.
To measure test accuracy, we calculated the area under the curve (AUC) in the receiver operating
characteristic (ROC) curve. A 2-sided p-value of less than 0.05 was considered statistically signi�cant.
Statistical analysis was conducted using GraphPad Prism 7.04 for Windows (GraphPad Software, La
Jolla California, USA).

Results
After a careful electronic medical record chart review of 1,123 patients, a total of 364 patients met the
inclusion criteria and were considered in the �nal analysis. The mean age of the patients was 62.0 ± 13.0
years, of which 215 (59%) were men, and 317 (87%) were African Americans. Baseline demographic,
clinical characteristics, and cTn-I values are shown in Table 1. Out of the 364 patients, 215 (59%) had
severe CAD, 53 (14%) had moderate CAD, 35 (10%) had mild CAD, and 61 (17%) had no angiographic
evidence of CAD. No age and sex differences were noted between CAD groups. However, the severe CAD
group had a signi�cantly higher prevalence of diabetes, peripheral arterial disease, and hyperlipidemia,
but no signi�cant differences in hypertension or smoking.
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Baseline cTn-I was detectable in 307 (84%) hemodialysis patients; of those, 232 (64%) had indeterminate
cTn-I elevations, and 75 (20%) had positive cTn-I elevation (at or above the 99th percentile URL). Patients
with negative baseline cTn-I levels were more likely to be in the CAD-free group (p < 0.0001). On the other
hand, patients with positive baseline cTn-I elevation were more likely to have severe CAD (p < 0.0001).
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Table 1
Baseline demographics, clinical characteristics, and cTn-I levels in the study subjects

Variables Angiographic CAD classi�cation P-
value*

  None (n 
= 61)

Mild (n 
= 35)

Moderate
(n = 53)

Severe (n 
= 215)

Total

(n = 
364)

 

Demographics            

Age, mean (SD, years) 53 (12) 57 (15) 68 (11) 63 (12) 62
(13)

< 
0.001

Female, n (%) 28 (46) 14 (40) 23 (43) 84 (39) 149
(41)

0.78

African American, n (%) 56 (92) 34 (97) 48 (91) 177 (82) 315
(86)

0.005

CAD Risk factors            

Smoking, n (%) 34 (56) 14 (40) 20 (38) 116 (54) 184
(51)

0.08

Diabetes Miletus, n (%) 21 (34) 14 (40) 33 (62) 164 (76) 232
(64)

< 
0.0001

Hypertension, n (%) 55 (90) 31 (89) 48 (91) 199 (93) 333
(91)

0.40

Peripheral Arterial Disease,
n (%)

9 (15) 4 (11) 8 (15) 72 (33) 93
(26)

0.0005

Hyperlipidemia, n (%) 13 (21) 4 (11) 21 (40) 111 (52) 149
(41)

< 
0.0001

Baseline cTn-I            

LoD 0.02 ng/mL, n (%) 27 (44) 7 (20) 8 (15) 15 (7) 57
(16)

< 
0.0001

Indeterminate 0.02–0.19
ng/mL, n (%)

33 (54) 26 (74) 42 (79) 131 (61) 232
(64)

0.078

99th percentile URL ≥ 0.20
ng/mL, n (%)

1 (2) 2 (6) 3 (6) 69 (32) 75
(20)

0.0001

CAD, Coronary Artery Disease; cTn-I, Cardiac Troponin I; LoD, Limit of Detection; n, number; SD,
Standard Deviation; URL, Upper Reference Limit.

*P-value < 0.05 was considered statistically signi�cant.

The baseline elevation of cTn-I levels in hemodialysis patients was positively correlated with the
angiographic CAD burden. One-way ANOVA comparing mean baseline cTn-I levels in CAD subgroups
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showed a signi�cant difference in baseline cTn-I levels (p < 0.0001). Post-hoc Tukey’s HSD test revealed
that mean cTn-I level in the severe CAD group (mean = 0.17 ng/mL and SEM = 0.013) was signi�cantly
higher than the moderate CAD group (mean = 0.09 ng/mL and SEM = 0.015, p = 0.01), mild CAD group
(mean = 0.08 ng/mL and SEM = 0.02, p = 0.002), and the CAD free group (mean = 0.05 ng/mL and SEM = 
0.007, p < 0.0001) (Fig. 2A).

Next, we correlated the severity of angiographic CAD in the severe group with baseline cTn-I levels.
Pearson's correlation showed a signi�cant positive correlation between the two variables (r = 0.56; P < 
0.0001) (Fig. 2B). We conducted a multiple linear regression, using baseline cTn-I as the independent
variable and CAD severity as the dependent variable. We adjusted for age as a potential confounding
variable in our regression model. There was a signi�cant regression equation (p < 0.0001); for each ten-
unit increase in cTn-I troponin (measured in the log transformant), the % predicted severity of CAD
stenosis increased by 12.05%. After adjustment for age, gender, and CAD risk factors, CAD remained
statistically signi�cantly associated with baseline cTn-I (p < 0.0001).

cTn-I at a cutoff value of 0.10 ng/mL was found to be the optimal point with the best sensitivity-to-
speci�city balance. At that value, the sensitivity of elevated baseline cTn-I for a diagnosis of severe CAD
was 0.8 (0.73–0.86), the speci�city was 0.59 (0.52–0.65), the positive predictive value was 0.57 (0.50–
0.68), and the negative predictive value was 0.81 (0.74–0.85). At a value of 0.20 ng/mL or more (cutoff
value for myocardial necrosis), the sensitivity of elevated baseline cTn-I for a diagnosis of severe CAD
was 0.23, and the speci�city was 0.95 (Table 2). Overall, baseline cTn-I differentiates between patients
with and without advanced CAD (AUC = 0.72, 95% CI, 0.69–0.75, p < 0.001) (Fig. 3).
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Table 2
Sensitivity and speci�city of severe CAD at various baseline cTn-I

cutoff values
Cutoff value Sensitivity Speci�city Youden Index*

≥ 0.02 ng/mL 0.93 0.28 0.21

≥ 0.04 ng/mL 0.77 0.44 0.22

≥ 0.06 ng/mL 0.70 0.58 0.27

≥ 0.08 ng/mL 0.63 0.72 0.36

£≥ 0.10 ng/mL 0.59 0.80 0.38

≥ 0.12 ng/mL 0.52 0.83 0.35

≥ 0.14 ng/mL 0.44 0.89 0.32

≥ 0.16 ng/mL 0.35 0.89 0.25

≥ 0.18 ng/mL 0.33 0.90 0.22

¥≥ 0.20 ng/mL 0.23 0.95 0.17

≥ 0.22 ng/mL 0.20 0.95 0.15

≥ 0.24 ng/mL 0.18 0.95 0.13

≥ 0.26 ng/mL 0.17 0.96 0.13

≥ 0.28 ng/mL 0.14 0.97 0.12

≥ 0.30 ng/mL 0.13 0.98 ≤ 0.11

CAD Coronary Artery Disease, cTn-I Cardiac Troponin I.

*Youden Index: (Sensitivity + Speci�city) -1.

£Optimal cutoff with the best sensitivity-to-speci�city balance.

¥cTn-I cutoff value for myocardial necrosis.

Discussion
In this study, we investigated the relationship between baseline elevation of cTn-I in asymptomatic
hemodialysis patients and the angiographic CAD burden when they present with symptomatic elevation
in serum cTn-I above baseline levels. For such a presentation, our �ndings demonstrated that in
hemodialysis patients with no known prior CAD, 59% had severe angiographic CAD, and only 17% had
normal coronary angiography. Moreover, baseline elevation of cTn-I in asymptomatic hemodialysis
patients was signi�cantly correlated with the angiographic CAD burden, and with the increased baseline
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cTn-I levels, the speci�city of this cardiac biomarker increases to predict more advanced angiographic
CAD.

The assessment of CAD in ESRD is challenging [8]. We included patients with or without baseline
elevation of cTn-I and excluded patients with known underlying CAD. Our study's most important �nding
is that despite baseline elevation in asymptomatic hemodialysis patients, cTn-I is still reliably associated
with the presence and severity of coronary stenosis. Baseline cTn-I was elevated in 84% and above the
99th percentile URL in 20% of the study population, similar to the previously reported elevation of cTn-I in
asymptomatic hemodialysis patients [9]. Baseline cTn-I in asymptomatic hemodialysis patients predicted
severe CAD with a speci�city of 0.95 and an overall accuracy of 0.72. The speci�city increased
dramatically with increased baseline cTn-I. Therefore, the higher the baseline cTn-I values, the more likely
the presentation is due to more advanced CAD. This was in line with previous studies showing that
patients presenting with altered cTn are at high risk of coronary stenosis [10], and baseline cTn-I are rarely
elevated without evidence of CAD in hemodialysis patients [11]. Moreover, a previous study showed that
not only a negative cTn-I identi�es patients at low risk of MI and 30-day cardiac mortality, but also those
with cTn-I levels at or above the 99th percentile had a 2-fold increased risk of MI and cardiac death at one
year [12]. In our study, patients with baseline cTn-I above the 99th percentile had a high test accuracy to
indicate more advanced CAD. Therefore, earlier cardiac workup and more strict risk management might
be suggested, given that hemodialysis patients with MI suffer dismal long-term survival [13, 14].

Our study adds to the growing literature demonstrating the diagnostic power of cTn-I cardiac for
predicting the severity of CAD in hemodialysis patients. Our �ndings should help clarify the challenging
clinical problem of interpreting the signi�cance of the symptomatic rise of cTn-I when there is an existing
elevation of cTn-I in hemodialysis patients. We show a low false-positive elevation of cTn-I to predict
advanced CAD. Various risk strati�cation models that are routinely used in clinical practice have been
shown to improve clinical outcomes and reduce the �nancial burden on the healthcare system. Improving
our ability to forecast risk, especially in a high-risk population like hemodialysis patients, has tangible
bene�ts. Therefore, our results suggest the potential value of including baseline cTn measurements to the
existing scoring systems for risk strati�cation of patients hospitalized for suspected acute coronary
syndrome (ACS).

The pathophysiology behind cTn-I elevations in hemodialysis patients is not fully understood [15, 16].
The elevation of cardiac biomarkers is predictive of all-cause and cardiovascular mortality, suggesting
true underlying cardiac pathology [5, 7, 17]. Several studies have implicated epicardial CAD as a
potentially major cause of increased cTn-I in hemodialysis patients[17, 18]. Other cardiac pathologies like
microvascular dysfunction, diffuse CAD, vascular calci�cation, and arteriosclerosis can potentially
explain the chronic enzyme elevation [8, 19]. Results from our study support this evidence by showing
that the severity of coronary stenosis is associated with higher baseline cTn-I.

Concerning CAD risk factors, we noted, unsurprisingly, a higher prevalence of diabetes mellitus,
hyperlipidemia, and peripheral artery diseases in hemodialysis patients with severe CAD. Hypertension
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was present in most hemodialysis patients (91%) regardless of their CAD status. This was similar to
previous reports documenting hypertension as high as 86% in chronic hemodialysis patients.[20, 21]
Likewise, smoking prevalence was equally high in all groups. We demonstrate that more CAD risk factors
are associated with an increased risk of obstructive CAD in hemodialysis patients. Therefore, optimal
medical management for CAD risk factors in hemodialysis patients is essential. Very few clinical trials
have investigated outcomes of conservative strategy compared to invasive strategy in coronary disease
in patients with advanced kidney disease [22, 23]. However, none of these studies have differentiated the
outcomes in hemodialysis patients with or without cTn-I elevation.

We recognize some limitations in our study. The retrospective design, the majority of the study
population, consisted of African Americans, who share a disproportionately higher prevalence of ESRD
and are overall understudied; this can affect the generalizability of the results. There may be selection
bias as hemodialysis patients with no measured baseline cTn-I level were automatically excluded, and the
study was limited to hospitalized patients. Also, there were no cardiac structural and functional
correlations with the baseline elevation of cTn-I, focusing only on the association with the angiographic
CAD burden. Lastly, the study was not designed to evaluate the prognostic value of elevated baseline cTn-
I.

Conclusion
The evaluation of CAD in hemodialysis patients with elevated baseline cTn-I is challenging. Clinical
judgment remains a critical component for assessing the asymptomatic elevation of baseline cTn-I in
hemodialysis patients when they present with a rise in serum cTn-I levels and symptoms suggestive of
ACS. Along with traditional CAD risk factors, baseline cTn-I is predictive of advanced CAD and can be
incorporated into existing scoring systems for risk strati�cation of hemodialysis patients hospitalized for
suspected ACS. These results can also suggest the potential utilization of baseline cTn-I to identify the
cohort with more advanced CAD who would likely derive bene�t from an early aggressive management
strategy before the onset of symptoms. Ultimately, well-conducted clinical trials are needed for a more
optimal evaluation of cTn’s and treatment strategies of CAD in this group of patients.

Abbreviations
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infarction; AUC: area under the curve; CAD: coronary artery disease; ROC: receiver operating characteristic;
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Figures

Figure 1

Illustration of the retrospective study design. cTn-I = cardiac troponin I; ESRD=end-stage renal disease; HD
= hemodialysis.
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Figure 2

(A) Means and individual data points of baseline cTn-I in all CAD groups plotted against the log
transformant of cTn-I levels measured in ng/ml. Patients with severe CAD had signi�cantly higher
baseline cTn-I than all other groups. (B) Linear regression of baseline cTn-I and the percentage of
coronary artery stenosis in the severe CAD group. CAD = coronary artery disease; cTn-I = cardiac troponin
I; * indicates statistical signi�cance. Error bars represent the standard error of the mean (SEM).
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Figure 3

ROC curve for baseline cTn-I in hemodialysis patients for diagnosis of severe CAD. AUC = area under the
curve; CAD = coronary artery disease; cTn-I = cardiac troponin I; ROC = receiver operating characteristic.


