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Diagnostic value of the Hs-cTnT/CysC ratio in patients with stage ≥3

CKD and acute myocardial infarction

Abstract

Background:We investigated the diagnostic value of the ratio of high sensitivity

troponin to cystatin C in CKD patients with stage ≥ 3 chronic kidney disease (CKD)

and acute myocardial infarction.

Methods:We retrospectively analyzed 401 patients with suspected acute myocardial

infarction (AMI) who underwent coronary angiography in the chest pain center at our

hospital during 2013–2019. Among the 196 patients studied, 113 were placed in an

AMI group and 83 in a non-AMI group.

Results: There were no significant differences in age, sex, or the presence of

hypertension, diabetes, gout/hyperuricemia, stroke, tumor, or epidermal growth factor

receptors between the two groups (P > 0.05). A correlation analysis showed that there

was a positive correlation between CysC and Cr, with a correlation coefficient of

0.872 (P < 0.001). A receiver operating characteristic curve for the high-sensitivity

cardiac troponin T (hs-cTnT)/CysC ratio showed an area under the curve value of

0.925 (P < 0.001), with sensitivity of 78.4% and specificity of 94.0%.

Conclusion: The hs-TnT/CysC ratio can thus be used as an index to predict AMI in

patients with stage≥ 3 CKD.

Keywords:Acute myocardial infarction, Chronic kidney disease, hs-cTnT, Renal

insufficiency, Troponin



Background

The incidence of acute myocardial infarction (AMI) is higher in patients with chronic

kidney disease (CKD) than in those without it1,2. Rapid diagnosis and treatment are

important for a positive prognosis in AMI patients. AMI diagnosis depends on the

clinical manifestations, myocardial markers, electrocardiography (ECG) results, and

other indicators, among which troponin is the most convenient, specific, and sensitive.

Troponin, which can be detected by a new generation of highly sensitive methods, is

helpful for diagnosing minimal myocardial injury and contributing to an early

diagnosis of AMI3.

At present, the most widely used highly sensitive techniques can detect

highly-sensitive clinical troponin T (hs-cTnT) and highly-sensitive troponin I (hs-TnI).

These high-sensitivity detection abilities have improved sensitivity and thus can

detect increases in troponin in many non-ischemic myocardial diseases as well,

including renal failure4,5, stroke6, pulmonary embolism7, and critical diseases8.

Clinically, increased hs-cTnT is observed in many asymptomatic renal insufficiency

patients with normal ECGs9,10, which may be related to minimal myocardial injury

and a decreased estimated glomerular filtration rate (eGFR)11.Study found that cTnT

forms in ESRD patients are small (<18 kDa) and different from forms seen in AMI

patients12, however, the current test can not distinguish them. Because this test is also

affected by renal function, however, it cannot be an effective marker to measure the

degree of myocardial injury. Although dynamic observation of ECG changes and

troponin levels could be highly important for the diagnosis, it would undoubtedly



increase the patient’s economic and medical burden. To date, there is no consensus on

how to define the troponin level of patients with renal insufficiency when myocardial

injury occurs13. Some studies have suggested that the formula for conversion of

troponin should be used, but the formula is too complicated to be widely used in

clinical practice. Therefore, this study aimed to find more effective indicators for

diagnosing AMI.

methods

Data source

We retrospectively analyzed 401 patients with suspected AMI who had undergone

coronary angiography after admission to the chest pain center at our hospital between

January 2013 and August 2019. In all, 196 patients (151 men, 45 women) were

included in the study. The clinical data and laboratory indicators of the patients were

collected, including the age and sex of the patients and whether they had a history of

hypertension, abnormal blood lipid levels, diabetes, stroke, gout/hyperuricemia,

malignant tumor, or other serious disease. The laboratory indexes included hs-cTnT,

creatine kinase-membrane-bound (CK-MB) isoenzyme, myoglobin, hemoglobin,

albumin, Cr, CysC, uric acid cholesterol, triglycerides, low-density lipoprotein (LDL),

and high-density lipoprotein

Research methods

Inclusion criteria: ≥ stage 3 CKD according to the Modification of Diet in Renal



Disease formula: eGFR < 60 mL/min/1.73 m2 for ≥ 3 months with or without

evidence of kidney injury.

AMI diagnostic criteria: (1) type 1 myocardial infarction (fourth universal myocardial

infarction definition, established in 2018)14; (2) cTn increased and/or decreased;

(3) >99% upper reference limit (URL )at least once; (4) accompanied by at least one

of the following: AMI symptoms, new ECG changes indicating ischemia,

development of a pathological Q wave, imaging evidence of new loss of viable

myocardium or new regional wall motion abnormality in a pattern consistent with an

ischemic etiology, identification of a coronary thrombus by angiography including

intracoronary imaging or at autopsy.

Exclusion criteria: definitively diagnosed myocarditis, acute kidney injury, hemolysis,

advanced malignant tumor, disseminated intravascular coagulation.

Methods

The subjects were divided into an AMI group (n=113) and a non-AMI group (n=83).

Age, sex, creatinine, CKD stage, hypertension, blood lipid levels, diabetes, stroke,

gout/hyperuricemia, tumor history, hemoglobin, albumin, Cr, CysC, UA, cholesterol,

triglycerides, LDL, HDL, and cholesterol were compared between the two groups.

The basic data and the diagnostic values of cTnT, cTnT/CysC ratio, CK-MB

isoenzyme, and myoglobin for AMI were compared. Cobas/e170 hs-cTnT (Roche,



Indianapolis, IN, USA) was used to detect hs-cTnT. The blood collection time was

<10 min for both outpatients with chest pain and hospitalized patients with chest pain.

Routine blood and biochemical tests were performed using Beckman Coulter (Brea,

CA, USA) instruments.

Statistical methods

SPSS 19.0 software (IBM, Armonk, NY, USA) was used for statistical analysis. The

continuous variables in accordance with normal distribution were expressed as means

± standard deviations. The differences between the two groups were analyzed using

an independent sample t test. Non-normal variables were expressed by medians

(interquartile intervals), and the differences between the groups were analyzed using

rank sum tests (Mann–Whitney rank sum test for between the two groups).

Categorical variables were expressed as percentages). The differences between groups

were tested using the R × C χ2 test. Pearson’s and Spearman’s correlation coefficients

were calculated to analyze the correlation of variables. A binary logistic regression

analysis was used to correct the study indexes, and the 95% confidence interval was

calculated. Receiver operating characteristic (ROC) curves and areas under the curves

(AUCs) were used to evaluate the diagnostic value of the technique. A value of P <

0.05 indicated statistical significance.

Results

Basic characteristics of clinical data

There were no significant differences in age, sex, hypertension, diabetes,



gout/hyperuricemia, stroke, tumor, or eGFR between the AMI and non-AMI groups

(P > 0.05; Table 1).

Results of laboratory indexes

The differences in the cholesterol, LDL, and CK-MB isoenzyme values in the AMI

and non-AMI groups were statistically significant (P < 0.05). Conversely, the

hemoglobin, albumin, Cr, and CysC values were not significantly different between

the groups (P > 0.05; Table 2).

Correlation analysis of CysC and Cr, age, and sex

CysC was positively correlated with Cr, with a correlation coefficient of 0.872 (P <

0.001; Table 3, Fig.1).

ROC curve and interactive dot graph

The reference value of hs-cTnT is 14 ng/L according to the 99th percentile value

provided by the manufacturer. We created an interactive dot graph based on this value.

When hs-cTnT was 14 ng/L, the diagnostic sensitivity was 100%, whereas the

specificity was only 12% (Fig.2). The ROC curve was created based on the

hs-cTnT/CysC ratio (Fig.3). The AUC value was 0.925 (P < 0.001); optimal cutoff

point was 234.0; sensitivity was 78.4%; specificity was 94.0%; and the Yoden index

was 0.724. The ROC curves were compared according to the hs-cTnT, hs-cTnT/CysC

ratio, CK-MB isoenzymes, and myoglobin values. Comparisons of the hs-TNT value

with the hs-cTnT/CysC ratio, CK-MB isoenzymes, and myoglobin were statistically

significant (P = 0.046, P < 0.001, and P < 0.001, respectively), as were the comparison

between the hs-cTnT/CysC ratio with CK-MB isoenzymes and myoglobin (P = 0.002



and P = 0.003, respectively; Fig.4, Table 4). There was no significant difference

between the CK-MB isoenzymes and myoglobin (P > 0.05).

Discussion

Troponin is a marker that can be detected in the blood when myocardial injury occurs.

When AMI has developed, enough troponin is released into the bloodstream that a

significant increase can be detected in the peripheral blood. With the improved

detection method, hs-cTNT can now be identified within 1–3 h after myocardial injury.

A disadvantage is that hs-cTNT can be increased for other reasons in patients without

myocardial injury. Among them, patients with renal insufficiency are the most

common4, in whom the hs-sTNT is negatively correlated with the eGFR. At present,

the reason for the increased troponin in patients with renal insufficiency is not clear.

Some studies proposed that it may be related to myocardial injury and declining renal

excretion function.

It is generally believed, therefore, that a diagnosis cannot rely only on a single

increase of troponin (99th percentile)—dynamic observation would be more

significant15,16. Continuous monitoring of hs-cTnT (during 3 to 6 h intervals) is

helpful for distinguishing acute myocardial ischemia from noncardiac diseases17. If

the change in hs-cTnT is <20%, chronic injury is more likely. There have been many

asymptomatic patients with renal insufficiency, however, whose ECG changes are not

enough to diagnose AMI. According to the guidelines and specifications, these

patients should be under dynamic observation of changes in both their ECG and

troponin. This protocol, though, increases the economic and medical burdens of the



patients and even delays treatment of patients who might have developed AMI. The

optimal hs-cTnT cutoff value for patients with renal insufficiency is still uncertain.

Many studies have proposed various correction methods, but they are too complex for

clinical application and thus cannot be popularized.

The incidence of cardiovascular disease in CKD patients is high18, which may be

related to some common pathogenesis shared by CHD and CKD. AMI is an

dangerous cardiovascular disease that requires rapid diagnosis. Coronary angiography

is the gold standard for diagnosing AMI and the key to treatment. Patients with renal

insufficiency, however, are more likely to develop contrast-induced nephropathy than

normal people19, and may need emergent dialysis. To avoid CKD progression, we

should pay attention to the possibility of AMI and avoid unnecessary coronary

angiography.

CysC is a low-molecular-weight protein composed of 122 amino acids that is

cleared only by the kidney. The CysC concentration depends on the GFR in the kidney.

It is unrelated to the patient’s age, sex, height, age, inflammatory reaction, or tumor

presence20, among other factors. Therefore, increased CysC indicates impaired renal

function and is therefore a measure that is more sensitive and accurate than Cr for

predicting renal function. Some studies have found that CysC may be an independent

predictor of metabolic syndrome and is related to coronary atherosclerosis21,22. The

possible mechanism for such a relation is that CysC participates in activity regulation

of cysteine protease and matrix metalloproteinase. It also participates in the

pathological processes of atherosclerosis, AMI, and other cardiovascular diseases.



Studies found that concentration of CysC was decreased23 or slightly higher24,25 in

AMI patients than in healthy controls group, but in CKD patients it was significantly

increased. Therefore, increased CysC and troponin T can be detected in patients with

CKD due to the decreased eGFR.

This study found that the hs-cTnT/CysC ratio is more specific than any other

method for diagnosing AMI in patients with CKD of ≥ stage 3. The rate is

significantly higher than that of hs-cTnT for diagnosing AMI. Apparently, the

hs-cTnT/CysC ratio can offset some of the impact of the decreased eGFR.

Because this study was performed in a single-center, was retrospective, and had a

small sample size, the proportion of stage 5 CKD patients was low. Hence, our results

should be further verified by a study with a larger patient sample. We should also

determine how the protocol works in apparently healthy people.

Conclusion

The Hs-cTnT/CysC ratio can be used to predict AMI in patients with ≥ stage 3 CKD.

This finding is of great significance as it allows early diagnosis of AMI.



List of abbreviations

AMI acute myocardial infarction

CK-MB creatine kinase membrane-bound

Cr creatinine

CysC cystatin C
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eGFR estimated glomerular filtration rate
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hs-cTnT highly sensitive clinical troponin T

hs-TnI highly sensitive troponin I

LDL low-density lipoprotein

ROC receiver operating characteristic

UA uric acid
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Figures

Figure 1

CysC was positively correlated with Cr, with a correlation coe�cient of 0.872 (P < 0.001; Table 3, Fig.1).



Figure 2

The reference value of hs-cTnT is 14 ng/L according to the 99th percentile value provided by the
manufacturer. We created an interactive dot graph based on this value. When hs-cTnT was 14 ng/L, the
diagnostic sensitivity was 100%, whereas the speci�city was only 12% (Fig.2).



Figure 3

The ROC curve was created based on the hs-cTnT/CysC ratio (Fig.3).



Figure 4

The ROC curves were compared according to the hs-cTnT, hs-cTnT/CysC ratio, CK-MB isoenzymes, and
myoglobin values. Comparisons of the hs-TNT value with the hs-cTnT/CysC ratio, CK-MB isoenzymes,
and myoglobin were statistically signi�cant (P = 0.046, P < 0.001, and P < 0.001, respectively), as were the
comparison between the hs-cTnT/CysC ratio with CK-MB isoenzymes and myoglobin (P = 0.002 and P =
0.003, respectively; Fig.4, Table 4). There was no signi�cant difference between the CK-MB isoenzymes
and myoglobin (P > 0.05).
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