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Abstract 
The manifestation of cardiovascular diseases in healthy individuals & patients of CKD differ, the latter owing more than 50% of 

the mortality to cardiovascular disease, should be diagnosed early of their cardiovascular condition, which is highly conducive in 

early treatment and reduction in mortality. The standardized tests don’t apply to patients of CKD. The independent way of 

diagnosis is the elevation of the cardiac enzymes. In the present study, 30 CKD patients and 30 healthy controls were included to 

find status and cutoff values of the cardiac markers. Findings indicate significant rise in CK-MB and LDH to be an early marker 

to diagnose CVD in CKD patients. There was no significant rise in the TnI and AST levels, these markers seem to be unavailing 

in early diagnosis of CVD in CKD patients. No correlation was found between any of the cardiac markers. Considering the 

difference in the homeostasis and functioning of various organ systems in the control and CKD patients, these cutoff values of 

general population won’t be conforming to the latter’s condition resulting in under-diagnosis. Therefore, the cutoff values were 

formulated and calculated to be >13.51 and >286.49 for CKMB and LDH respectively using ROC curve analysis. 
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Introduction 
Chronic kidney disease (CKD) is a conspicuously 

growing worldwide public health problem signaling 

varied adverse outcomes from kidney failure, 

cardiovascular disease (CVD) to even premature 

death.
(1)

 Taking one more step into perceiving the 

adversities of CKD and taking into consideration the 

rising number in India and the world: The estimated 

prevalence of CKD is 800 per million population (pmp) 

and rapidly rising , and the incidence of end-stage renal 

disease (ESRD) is 150–200 pmp.
(2)

 The estimated 

deaths due to chronic diseases in India are anticipated 

to rise from 3.78 million in 1990 (40.4% of all deaths) 

to 7.63 million in 2020 (66.7% of all deaths), not only 

India, the worldwide encumbrance of CKD is 

increasing rapidly.
(3)

 

It is an ascertained fact that the increased morbidity 

and mortality in the patient population suffering from 

ESRD stems from CVD, accounting for more than 50% 

of all deaths.
(4,5)

 Now, if we were to compare the 

manifestations of CVD in a normal person and a person 

suffering from CKD, albeit, the former may show signs 

of angina and well established signs of cardiac 

abnormalities, in the latter, however, the first 

manifestation of atherosclerosis is an emergent cardiac 

death or acute myocardial infarction. 

The CKD patients often do not present with angina, 

occurring in only 17% in one study
(6)

 and also have a 

speculative preponderance of abnormal baseline 

electrocardiograms and echocardiograms, silent 

myocardial ischemia and abnormal cardiac 

symptoms.
(7)

 This clearly indicates the need for 

diagnosing CVD in this patient population early. The 

diagnosis of CVDs in CKD patients, does not occur, as 

this patient population cannot undergo exercise stress 

test and may also be due to the false negative rate of 

pharmacological stress testing.
(8)

 Therefore, the 

independent way of diagnosing acute coronary 

syndromes, in this patient population is the elevation of 

the cardiac enzymes and as a result, there is a need for 

standardization of assays to fully elucidate the markers 

for detection of CVD. 

For many years, Creatine kinase, Creatine kinase-

MB and other cardiac enzymes have been used for the 

detection of early myocardial injury. These biomarkers, 

however, are seen to be increased in patients with CKD. 

Along with these cardiac enzymes, the introduction of 

troponin I (TnI) has more specificity.
(9)

 

There is paucity of data on cut off points of the 

cardiac markers viz. TnI, CK-MB, LDH and AST in 

CKD patients for the suspicion of CVD risk. There are 

very few studies published, of which, few indicated 

better and others as poor prognostic ability of serum 

troponin in the context of patients with CKD.
(10-18)

 

Therefore, there is a need for more research into this 

field of diagnosing myocardial abnormalities in patients 

with CKD, which holds much importance in preventing 

clinical scenarios where mortality of this patient 

population is high due to no prior preventive measures 

taken, owing to incompetency in diagnosis. Therefore, 

we hypothesized: The cut off values of cardiac markers 

may serve as a better indicator for CVD risk in CKD 

patients, and association with one another. The cut off 

values so formulated may differ in CKD patients as 

compared to healthy controls. 
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Material and Methods 
Subjects 

Total of 60 subjects were recruited, of which 30 

were CKD patients between the age group of 35 years 

and above, coming on outpatient basis to dialysis unit at 

Bharati Hospital and Research Center, Pune. CKD 

patients with history of CVDs, Diabetes mellitus, 

HIV/HBsAg positive, Infections, sign and symptoms of 

other systemic diseases, pregnant women were 

excluded. 30 healthy age and gender matched subjects 

were recruited as controls. The healthy control 

individuals were without any history of diabetes and/or 

cardiovascular disorders or any major illness. All 

procedures performed in this study involving human 

participants were in accordance with the ethical 

standards of the institutional and/or national research 

committee and with the Helsinki Declaration of 1975 

that was revised in 2000. The informed consent was 

obtained from all individual participants. 

Laboratory measurements 

After complete explanation of procedure to the 

patients 4 ml of blood sample was collected in plain & 

EDTA vacutainers. The EDTA blood sample was used 

for estimation of TnI. The blood from plain vacutainer 

was allowed to settle/clot for half an hour. Serum was 

separated after centrifugation at 2000 rpm for 10 

minutes. It was subjected for estimation of CK-MB, 

LDH and AST levels. Estimation of TnI was done by 

Fluorescent Immunoassay (ALERE, INDIA). 

Estimations of CK-MB
(19)

 LDH
(20)

 and AST
(21)

 were 

done by UV Method. 

Statistical Analysis 

The continuous variables were expressed as Mean 

± SD. The means of the biochemical parameters were 

compared by unpaired students ‘t’ test. The correlation 

of cardiac markers was evaluated by Pearson’s 

correlation coefficient, and receiver operating 

characteristics (ROC) curve analysis was performed to 

find out the effectiveness of cardiac markers with the 

cut off values. 

 

Results 
The present investigation was aimed to examine 

association of myocardial injury markers in patients of 

CKD and controls. The cardiac markers viz. TnI, CK-

MB, LDH and AST were studied in CKD patients and 

age and gender matched healthy controls. 

Comparison of cardiac markers in patients with 

CKD and controls: 

The cardiac markers including TnI, CK-MB, LDH 

and AST values are depicted in table no. 1. CK-MB 

(p=0.0125) and LDH (p<0.0001) levels were found to 

be significantly (p<0.05) increased in CKD patients 

when compared with control subjects, and there was no 

significant change in AST and TnI levels in CKD 

patients when compared to control subjects. 

 

 

Table 1: Comparison of cardiac markers in patients 

with CKD patients and controls 
 CKD patients Controls ‘p’ value 

AGE (years) 44.53 ± 18.14 49.65 ± 8.59 0.0970 

TROPONIN I 0.046 ± 0.010 0.05 ± 0.0 0.0811 

CK MB (IU/L) 19.46 ± 10.66 13.26 ± 7.76 0.0125* 

LDH (IU/L) 495.73 ± 145.42 299.53 ± 113.73 < 0.0001* 

AST (IU/L) 15.76 ± 7.18 15.30 ± 5.61 0.7826 

*Statistically significant;  

CK MB: Creatine kinase MB; LDH: Lactate dehydrogenase; AST: 

Aspartate transaminase 

 

Correlation between cardiac markers in CKD 

patients 

The correlation between different cardiac markers 

in CKD patients was evaluated by Pearson’s correlation 

coefficient; it was observed that none of the cardiac 

markers was found to be statistically associated with 

other cardiac markers. The results of Pearson’s 

correlation between cardiac markers in CKD patients 

are depicted in table no. 2, the value of ‘r’ denotes the 

correlation coefficient with respective p values. 

 

Table 2: Correlation between cardiac markers in 

CKD patients 
 CKMB LDH 

AST r = 0.01868 p= 0.9220 r = 0.3439 p=0.0628 

CKMB - - r = 0.1405 p=0.4591 

CK MB: Creatine kinase MB; LDH: Lactate dehydrogenase; AST: 

Aspartate transaminase 

 

ROC curve analysis of cardiac markers in CKD 

patients 

The ROC curve analysis was done for cardiac 

markers to find out the cut off values, for the prediction 

of CVDs in CKD patients. The cut off value for CKMB 

was found to be >13.51 with area under the ROC curve 

(AUC) of 0.72, 95% CI of 0.589 to 0.828 and ‘z’ & ‘p’ 

values of 3.19 & 0.0014 respectively with the highest 

sensitivity and specificity. 

The cut off value for LDH was found to be >286.49 

with area under the ROC curve of 0.87, 95% CI of 

0.762 to 0.945 and ‘z’ & ‘p’ values of 8.54 & <0.0001 

respectively with the highest sensitivity and specificity. 

The cut off values, AUC, standard error and 95% CI 

and respective ‘z’ and ‘p’ values for cardiac markers 

are presented in table 3, and ROC curves are depicted 

in figure 1 & 2. 

 

Table 3: Receiver operating characteristics curve 

analysis of cardiac markers in CKD patients 

 
Cut-off 

value 

AUC ± 

SE 
95 % CI 

‘z’ 

value 
‘p’ value 

CKMB >13.51 
0.72 ± 

0.06 
0.589 to 0.828 3.19 0.0014 

LDH >286.49 
0.87 ± 

0.04 
0.762 to 0.945 8.54 <0.0001 

*Statistically significant; AUC: Area undr curve; SE: Standanrd error; CI: 

Confidence interval; CK MB: Creatine kinase MB; LDH: Lactate 

dehydrogenase; AST: Aspartate transaminase 
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Fig. 1 & 2: ROC curves for CK MB and LDH in 

CKD patients 

Discussion 
CKD patient population is evidently a major risk 

group for developing subsequent myocardial adverse 

outcomes.
(4,5)

 CVD is the leading cause of death in this 

patient population and therefore, accurate diagnosis of 

acute cardiovascular syndromes is a necessity. A 

conscientious effort to the problem at hand is to 

ascertain a way of diagnosing this patient population as 

early as possible in order to take preemptive measures 

of prophylaxis and early treatment. The already 

established diagnosing methods are discarded in this 

patient population owing to their atypical cardiac 

symptoms and inability to undergo exercise stress test 

and may also be due to the false negative rate of 

pharmacological stress testing.
(8)

 

Our endeavor through this research was to add on 

to the much needed knowledge on the various cardiac 

markers variation in this patient population. The 

incurred interpretation of the result of this research 

project were analogous to many researches, however 

were heterologous to a few too. It was found that the 

CK-MB and LDH levels were significantly increased in 

CKD patients when compared with control subjects. 

Moreover, no correlation was observed in the variations 

of all cardiac enzymes. The rise was independent of one 

another which indicate these enzymes have no relation 

whatsoever. 

The “MB” in CK-MB denotes it’s 2 subunits M 

and B, combination of which, form iso-enzymes 

namely - CK-BB, CK-MB, CK-MM .Out of the 

aforementioned iso-enzymes, CK-MB has been found 

exclusively and in significant numbers in the 

myocardium, thus implying it’s high sensitivity and 

specificity for myocardial cell wall injury 

Determination of CK–MB iso-enzyme has a 98% 

predictive value for myocardial necrosis with a positive 

enzyme profile and a 100% negative predictive value 

for the absence of necrosis with a normal profile.
(22)

 

The raise in LDH, albeit, present in all the cells of 

the body, can be attributed to myocardial injury owing 

to the concurrent raise in the CK-MB levels. Therefore, 

the significant raise in the CK-MB values in patients of 

CKD in comparison to the controls can be imputed to 

the initiated myocardial necrosis in these patients thus 

aiding in the process of early diagnosis and treatment. 

As CK-MB and LDH have yielded high values in the 

research, it can be ascertained that these cardiac 

markers can be used to veritably diagnose the 

cardiomyopathy in this patient population which can be 

treated early accordingly. It was also found that there 

was no significant change in AST or TnI in CKD 

patients as compared to control subjects. 

Many studies have been conducted to elucidate the 

role of TnI in relation to its diagnostic and predictive 

role. Our study states no elevation in TnI levels as 

opposed to controls. Many studies, however, delineates 

the elevation of TnI as well as troponin T as important 

prognostic indicators signaling increase mortality in 

CKD patients owing to the anticipated cardiac 

complication.
(10-12,15)

 One of which indicate troponin T 

to be a better prognostic marker than TnI.
(12)

 Some 

studies concluded moderate or no elevation of cardiac 

troponin and therefore, to not have diagnostic or 

predictive value for subsequent adverse outcomes. 

Troponins in asymptomatic patients are of questionable 

value for risk stratification, most probably due to 

unspecific elevation.
(14,17,18)

 

As the cut-off values of the cardiac biomarkers in 

patients of CKD and that of the controls differ, the cut 

off values has been calculated for the values of CK-MB 

and LDH. The cut off values for CK-MB and LDH 

were found to be 13.51 and 286.49 respectively, with 

the highest sensitivity and specificity. 

The diagnostic and predictive value of the cardiac 

markers viz. TnI, CK-MB, LDH and SGOT has already 

been established for CVD, in normal healthy 

individuals. However, the correlation among them and 

the cut off values may differ in the individuals suffering 

from CKD owing to the highly deranged state of the 

bodily functions. 

In the present study the levels of cardiac markers 

were estimated and compared between CKD patients 

and controls. According to the results, significant 

increase in levels of CK-MB and LDH were observed 

in CKD patients, which can be connoted to the risk 

stratification of myocardial adverse outcome. The 

number of false positives in various researches render 

them non-specific and of questionable value in 

diagnosis of myocardial injury in patients of CKD. 

However, our results suggest significant increase in the 

values irrespective of the falsity or veracity of the test. 

Non-significant variations in levels of TnI and AST 

were observed which denote no probatory value of 

these cardiac markers in patients of CKD. Further 

prospective research is warranted to conclude the 

incoherent results in different research projects. It’s 

highly unlikely to have a situation where none of the 

sample patients have cardiac adverse outcomes, and 

therefore, the former conclusion has been made. 

Moreover, no correlation was observed in the variations 

of all cardiac enzymes. The rise was independent of one 

another which indicate these enzymes have no relation 

whatsoever. 
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Considering there may be variation in cut-off 

values of normal healthy individuals and CKD patients, 

the requisite cut-off values for CKD individuals when 

calculated were found to be >13.51 and >286.49 for 

CK-MB and LDH respectively with the highest 

sensitivity and specificity indicating any rise of these 

values above the given, to be significant for CVD in 

CKD patients. 

 

Conclusions 
The present study concluded, taking into 

consideration all the data, findings and result, that CKD 

patients, who are disposed to developing cardiovascular 

conditions causing more than 50% of mortality in this 

patient population, should be diagnosed early of their 

cardiovascular condition which would be highly 

conducive in early treatment and reduction in mortality. 

Our findings indicate the significant rise in CK-MB and 

LDH to be an early marker to diagnose CVD in CKD 

patients. However, as there was no significant rise in 

the TnI and AST levels, these cardiovascular markers 

seem to be unavailing in early diagnosis of CVD in 

CKD patients. Moreover, no significant correlation was 

found between any of the cardiovascular biochemical 

markers. 

Considering the difference in the milieu intérieur 

and the functioning of various organ systems in the 

control and CKD patients, we infer that the cut off 

values of general population won’t be conforming to 

the latter’s condition resulting in mis (under) diagnosis. 

Therefore, the cut off values were formulated and 

calculated to be >13.51 and >286.49 for CKMB and 

LDH respectively using ROC curve analysis. 

Acknowledgments 

The present study was funded by Indian Council of 

Medical Research (ICMR) under Short term studentship 

(STS) program. 

 

References 
1. Eknoyan G, Lameire N, Barsoum R, Eckardt KU, Levin 

A, Levin N et al. The burden of kidney disease: 

improving global outcomes. Kidney Int.2004;66(4):1310-

1314. 

2. Agarwal SK, Srivastava RK. CKD in India: challenges 

and solutions. Nephron Clin Pract.2009;111(3):c197-203. 

3. World Health Organization: Preventing Chronic Disease: 

A Vital Investment. Geneva, WHO,2005. 

4. Wang AYM, Lai KN. Use of Cardiac Biomarkers in End-

Stage Renal Disease. J Am Soc Nephrol,2008; 19:1643–

1652  . 

5. Causes of death. United States Renal Data System. Am J 

Kidney Dis,1998;32(2):S81-S88 . 

6. Zawada ET, Stinson JB, Done G. New perspectives on 

coronary artery disease in hemodialysis patients. South 

Med J,1982; 75:694–696 . 

7. George SK, Singh AK. Current markers of myocardial 

ischemia and their validity in end-stage renal disease. 

Curr Opin Nephrol Hypertens,1999;8:719-722  

8. Schmidt A, Stefenelli T, Schuster E, Mayer G. 

Informational contribution of noninvasive screening tests 

for coronary artery disease in patients on chronic renal 

replacement therapy. Am J Kid Dis,2001;37:56–63 . 

9. Kanderian AS, Francis GS. Cardiac troponins and CKD. 

Kidney International, 2006; 69:1112–1114 . 

10. Freda BJ, Tang WHW, Lente FV, Peacock WF, Francis 

GS. Cardiac Troponins in Renal Insufficiency Review 

and Clinical Implications. Journal of the American 

College of Cardiology,2002;40(12):2065-2071 . 

11. Wayand D, Baum H, Schatzle G, Scharf J, Neumeier D: 

Cardiac troponin T and I in end-stage renal failure. Clin 

Chem2000; 46:1345–50 . 

12. McNeil AR, Marshall M, Ellis CJ, Hawkins RC: Why is 

troponin T increased in the serum of patients with end-

stage renal disease? Clin Chem1998;44:2377–2378. 

13. Porter GA, Norton T, Bennett WB: Troponin T, a 

predictor of death in chronic haemodialysis patients. Eur 

Heart J,1998; 19(N):N34–N37. 

14. Musso P, Cox I, Vidano E, Zambon D, Panteghini M: 

Cardiac troponin elevations in chronic renal failure: 

prevalence and clinical significance. Clin 

Biochem,1999;32:125–30. 

15. Roppolo LP, Fitzgerald R, Dillow J, Ziegler T, Rice M, 

Maisel A: A comparison of troponin T and troponin I as 

predictors of cardiac events in patients undergoing 

chronic dialysis at a veteran’s hospital: a pilot study. J 

Am Coll Cardiol 1999;34:448–54. 

16. Apple FS, Sharkey SW, Hoeft P, Skeate R, Voss E, 

Dahlmeier BA et al: Prognostic value of serum cardiac 

troponin I and T in chronic dialysis patients: a 1-year 

outcomes analysis. Am J Kid Dis,1997;29(3):399–403. 

17. Mockel M, Schindler R, Knorr L, Müller C, Heller G Jr, 

Störk TV et al: Prognostic value of cardiac troponin T 

and I elevations in renal disease patients without acute 

coronary syndromes: a 9-month outcome analysis. 

Nephrol Dial Transplant,1999; 14(6):1489–95. 

18. Van Lente F, McErlean ES, DeLuca SA, Peacock F, Rao 

JS, Nissen SE: Ability of troponin to predict adverse 

outcomes in patients with renal insufficiency and 

suspected acute coronary syndromes: a case- matched 

study. J Am Coll Cardiol1999; 33:471–8. 

19. Würzburg U, Hennrich N, Orth HD, Lang H, Prellwitz 

W, Neumeier D et al: Quantitative determination of 

creatine kinase isoenzyme catalytic concentrations in 

serum using immunological methods. J Clin Chem Clin 

Biochem.1977;15(3):131-137 

20. Pesce A. Lactate dehydrogenase. Kaplan A. Et al. Clin. 

Chem. The C.V. Mosby Co. St. Louis. Toronto. 

Princeton1984; 438:1124-117. 

21. Henry RJ: Clinical Chemistry: Principles and Techniques, 

New York. In: Hoeber Medical Division, Harper & 

Row,1964:862. 

22. Walker HK, Hall WD, Hurst JW: Clinical Methods: The 

History, Physical, and Laboratory Examinations. 3rd 

edition. Boston: Butterworths;1990. 

https://www.ncbi.nlm.nih.gov/pubmed?term=Walker%20HK%5BEditor%5D
https://www.ncbi.nlm.nih.gov/pubmed?term=Hall%20WD%5BEditor%5D
https://www.ncbi.nlm.nih.gov/pubmed?term=Hurst%20JW%5BEditor%5D

