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Abstract  

Background:  Acute myocardial infarction (AMI), represent a diagnostic 

challenge.  Diagnosis of AMI is usually established based on the clinical 

symptoms, electrocardiographic (ECG) changes and the activities of cardiac 

enzymes such as creatine kinase (CK) and its isoenzyme MB (CK-MB) activities.   
Objectives: To assess the potential role of serum cardiac markers for early 

detection of AMI in Hail population, Saudi Arabia. 

Methods: Serum levels of CKBM, CK and lactate dehydrogenase (LDH) were 

measured in 111 patients with chest pain included 40 with AMI and 71 without 

AMI served as control. Receiver operating characteristic (ROC) curve analysis was 

performed to assess the utility of these enzymes as biomarkers for early diagnosing 

AMI. 

Results: The area under the receiver operating (AUC) curve values were: CK; 0.60 

(p > 0.05), CK-MB; 0.817 (p < 0.001) and LDH; 0.655 (p < 0.01). CK-MB had the 

highest AUC of all. The sensitivity and specificity of CK-MB were 72.5% and 

80.28%  at the optimal cut off value of 36.5 U/L whereas for LDH, sensitivity and 

specificity were 62.5% and  70.42% at 272 U/L as an optimal cut off. The 

simultaneous use of both markers increased the sensitivity and specificity to 82.5% 

and 85.92%, respectively.   

Conclusion: Taking together, the study demonstrated that serum CKBM is a 

valuable marker for early detection of AMI, but it was found to be much more 

valuable when analyzed with serum LDH. 
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INTRODUCTION 

 Patients with acute chest pain, in the emergency room, represent a 

diagnostic challenge [1]. In the World Health Organization [WHO], the definition 

of AMI is currently two out of three: typical history, unambiguous 

electrocardiographic changes and unequivocal enzyme changes [2].  In relatively 

recent reports of the WHO [3], the prevalence of myocardial infarction is more in 

the middle income world; and it is well known that males are more commonly 

affected than females. 

Diagnosis of acute myocardial infarction (AMI) is usually established based 

on the clinical symptoms, electrocardiographic (ECG) changes and the activities of 

cardiac enzymes [4].  On the other hand, symptoms may be atypical and the ECG 

is often nondiagnostic [5,6].  Indeed, conventional cardiac enzymes, creatine 

kinase (CK) and its isoenzyme MB (CK-MB) activities, in addition to lactate 

dehydrogenase (LDH) are usually used to  detect AMI in the early stage [7,8].  

The receiver operating curve (ROC) is well established as a method of 

summarizing the performance of a diagnostic test [9,10]. It indicates the 

relationship between the true positive rate and the false positive rate of the test at 

various thresholds used to distinguish disease cases from non-disease cases. The 

ROC curve analysis help to evaluate the success of a diagnostic marker in 

diagnosis of a disease according to the area under the curve (AUC) as well as 

determination of the optimal cut off value as the nearest point to the upper left 

corner which satisfies maximum sensitivity and maximum specificity. 

  This study was designed to evaluate the performance of cardiac enzymes, 

using ROC analysis, in the diagnosis of AMI in patients presented to the 

emergency room with chest pain.  

Materials and Methods 

Subjects and Samples: 

The study group consisted of 111 consecutive patients with acute chest pain 

which had lasted for less than 12 hr before admission. There were no prespecified 

ECG or enzyme criteria required for inclusion at admission. Immediately, 

following the qualifying episode of ischemic chest discomfort, ECG was 

performed and venous blood samples were obtained for the initial assays. The 

control group were those patients (n = 71) who had chest pain and no AMI 

diagnosis was established. The blood samples were collected in evacuated gel 

tubes for serum preparation and allowed to clot at room temperature before 

centrifugation. Serum aliquots were stored at -20°C for later analysis of other 
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biochemical parameters. Patients files and discharge notes were inspected to 

establish the time of onset of symptoms, time of presentation to the hospital and 

the diagnosis of AMI according to the WHO criteria [2]. The protocol of this study 

was approved by the Ethics Committee of Hail University. A written consent was 

obtained from all participated patients.  

Laboratory Analysis:  Total CK, CK-MB and LDH activity were measured on the 

Hitachi 911 clinical chemistry analyzer (Roche Diagnostics, Germany) using kits 

supplied by the manufacturer. CK-MB activity was measured by an immune-

inhibition method. Total liver and kidney function tests were performed according 

to the instructions of the manufacturer.  

Statistical Analysis 

 Data were analyzed using SPSS version 23. Data were expressed as mean ±  

SD. The student t-test was used to compare the mean of two groups. Bivariate 

correlations were tested using Pearson’s (r) correlation coefficient. The ability of 

the studied tests and formulae to discriminate early AMI was evaluated using the 

area under the receiver operating characteristic (ROC) curve (AUC). Two-tailed   

values were considered statistically significant if they were less than 0.05. The 

sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV), positive likelihood ratio (PLR) and negative likelihood ratio (NLR) were 

calculated according to the following formulae:  

Sensitivity = a/(a+c) 

Specificity = d/(b+d) 

Positive predictive value = a/(a+b) 

Negative predictive value = c/(c+d) 

Positive likelihood ratio = sensitivity /(1-specificity) 

Negative likelihood ratio = (1- sensitivity) /specificity 

 

Where:  a = true positive cases, c = false negative 

cases, d = true negative cases, b = false positive cases. 

 

RESULTS 

 

Demographic characteristics of patients and controls 

The present study was performed on a total of 111 patients from the 

outpatient’s clinics at the King Khaled hospital, Hail, KSA including 40 (M/F ratio 

22/18) with AMI (36%) and 71 (M/F ratio 49/22) without AMI (64%) with a mean 

age of 56.6 ± 13.4 yrs and 59.3 ± 13.8, respectively. The second group was served 

as control group due to the presence of chest pain without AMI. 
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Cardiac enzymes level of patients and controls 

LDH mean level in the AMI patient group was 365.4 ± 215.6 U/L while in 

the control group it was 275.5 ± 160.9 U/L (P = 0.014). CK was also significantly 

higher in AMI group (183.6 ± 143.1 U/L) than the non-AMI control (131.4 ± 103.4 

U/L), p = 0.029. CK-MB showed a similar pattern as in AMI group it was 60.05 ±  

37.6 U/L; a value significantly higher than the control, 25.4 ± 13.2 U/L (p < 0.001,  

Table 1).  

ROC analysis of the studied parameters 

The discriminating ability of the studied markers in detecting early AMI was 

assessed by plotting the ROC curves (Fig. 1). Table 2 presents the AUC for each of 

the studied parameters. CK-MB had the largest AUC (0.817, 95% CI 0.732 - 

0.903, p < 0.001). For LDH, it was less sensitive in detection of AMI (AUC of 

0.655, CI  0.547 - 0.763, P = 0.007) than CK-MB but for CK, a lower non-

significant AUC was calculated (0.600, 95% CI 0.487 - 0.713, p = 0.082). 

Diagnostic criteria of the studied markers 

CK-MB 

After ROC curve analysis, we revealed the optimal cut off value which is the 

nearest point to the upper left corner that satisfies maximum sensitivity and 

maximum specificity. For CK-MB (Fig. 2a), an optimum cut off level of 36.5 U/L  

at which the sensitivity was 72.5% and 80.28%. The positive predictive value 

(PPV) was 67.44 %  and the negative predictive value (NPV) was  83.82%. As for 

the likelihood ratios (LR) positive and negative, the PLR was 3.68 and the NLR 

was 0.34.  

LDH 

ROC analysis revealed an optimal cut off value of 272 U/L at which the 

sensitivity (62.5%) and specificity (70.42%) were obtained. The PPV and NPV 

were 54.35% and 76.92%, respectively whereas the PLR was 2.11 and NLR was 

0.53. (Fig. 2b). 

CK  

          At 213.5 U/L  as a cut off value, the sensitivity was 45% and specificity was 

78.87%. The PPV and NPV were 54.55% and 71.79%, respectively whereas the 

PLR was 2.13 and NLR was 0.70. (Fig. 2c).   

Simultaneous determination of CK-MB and LDH 

When the sensitivity of CK-MB and LDH were simultaneously considered 

i.e. either marker is positive, the sensitivity of both markers increased to 82.5%, 

the specificity increased to 85.92%. PPV and NPV increased to 76.74 % and 

89.71%, respectively. The PLR increased to 5.86 and the NLR decreased to 0.20 

(Fig. 3). 
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Correlation between the studied parameters 

Table 3 summarizes the correlation between CK-MB, LDH and CK with the 

other biochemical parameters in the AMI patient group. LDH was significantly 

correlated  to phosphorous (r = -0.343, p < 0.05), creatinine (r = 0.447, p < 0.01), 

uric acid (r = 0.4367, p < 0.05), urea (r = -0.471, p < 0.01) and ALT (r = 0.714, p < 

0.01). CK-MB was significantly correlated  to creatinine (r = 0.355, p < 0.05) and 

ALT (r = 0.455, p <0.01). CK was significantly correlated  to creatinine (r = 0.401, 

p < 0.01), uric acid (r = 0.425, p < 0.01), ALT (r = 0.552, p < 0.01), GGT (r = 

0.365, p < 0.05) and cholesterol (r = - 0.381, p < 0.05). 

 

 

Tables and Figures 

Table 1. Demographic characteristics and biochemical parameters of patients  

 AMI Non-AMI p-value 

Number 40 71  

M/F ratio 22/18 49/22  

Age (yrs) 56.6 ± 13.4 59.3 ± 13.8 NS 

LDH (U/L) 365.4 ± 215.6 275.5 ± 160.9 0.014 

CK (U/L) 183.6 ± 143.1 131.4 ± 103.4 0.029 

CK-MB (U/L) 60.05 ±  37.6 25.4 ± 13.2 0.000 

Mg (mmol/L) 0.82 ± 0.14 0.81 ± 0.13 NS 

P (mmol/L) 1.34 ± 0.35 1.36 ± 0.43 NS 

Na (mmol/L) 137.7 ± 6.7 138.6 ± 5.02 NS 

K (mmol/L) 3.91 ± 0.64 4.02 ± 0.76 NS 

Ca(mmol/L) 102.9 ± 5.0 102.7 ± 5.4 NS 

Glucose (mmol/L) 9.45 ± 5.0 8.06 ± 4.3 NS 

Creatinine (mol/L) 121.1 ± 106.5 120.1 ± 112.9 NS 

Uric acid (mol/L) 356 ± 153.6 364.5 ± 189.6 NS 

Urea (mmol/L) 2.10 ± 0.17 2.08 ± 0.30 NS 

AST (U/L) 11.15 ± 5.4 10.21 ± 9.0 NS 

ALT (U/L) 60.2 ± 50.4 51.2 ± 56.4 NS 

ALP (U/L) 49.2 ± 43.5 54.1 ± 48.5 NS 

GGT (U/L) 103.3 ± 52.9 93.8 ± 59.1 NS 

T. bilirubin (mol/L)  16.84 ± 4.8 18.6 ± 19.23 NS 

D. bilirubin (mol/L) 7.26 ± 3.52 8.47 ± 8.85 NS 

Albumin (g/L) 3.17 ± 1.2 3.34 ± 1.3 NS 

Cholesterol (mmol/L) 4.21 ± 0.78 4.16 ± 0.98 NS 

Triglycerides (mmol/L) 3.01 ± 1.04 3.17 ± 0.86 NS 

LDL (mmol/L) 3.33 ± 1.46 2.69 ± 1.11 0.011 

HDL (mmol/L) 1.76 ± 0.56 1.51 ± 0.63 0.045 
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Table 2. ROC analysis of cardiac enzymes  

 CK-MB LDH CK CK-MB or LDH 

AUC 0.817 0.655 0.600  

SE 0.044 0.055 0.058  

p-value 0.000 0.007 0.082  

95% C. I. 0.732 - 0.903 0.547 - 0.763 0.487 - 0.713  

cutoff 36.5 272 213.5  

sensitivity 72.5 62.5 45 82.5 

specificity 80.28 70.42 78.87 85.92 

PPV 67.44 54.35 54.55 76.74 

NPV 83.82 76.92 71.79 89.71 

PLR 3.68 2.11 2.13 5.86 

NLR 0.34 0.53 0.7 0.20 

 

Table 3. Correlation between cardiac enzymes and other biochemical parameters in 

AMI patients (n = 40). 

 LDH CK CK-MB 

Mg -0.288 -0.302 -0.180 

Phosphorous -0.343* 0.020 -0.196 

Sodium 0.061 -0.138 -0.236 

Potassium -0.132 0.114 0.091 

Calcium 0.184 0.072 0.098 

Glucose 0.117 0.114 0.142 

Creatinine 0.447** 0.401** 0.355* 

Uric acid 0.367* 0.425** 0.293 

Urea -0.471** -0.148 0.060 

AST 0.078 -0.072 0.103 

ALT 0.714** 0.552** 0.435** 

ALP 0.267 0.225 0.073 

GGT 0.293 0.365* 0.152 

Total bilirubin -0.100 -0.286 -0.178 

Direct bilirubin -0.011 -0.241 -0.223 

Albumin 0.129 0.273 0.176 

Cholesterol -0.242 -0.381* -0.157 

Triglycerides -0.044 0.173 0.103 

LDL -0.019 -0.218 -0.085 

HDL 0.187 0.145 0.047 

 

*: significant at p < 0.05 

**: significant at p < 0.01 
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Fig.1. Scatter diagram showing the individual values of cardiac enzymes in AMI 

and non-AMI patients. A: CK-MB, B: LDH and C: CK. The horizontal line 

represents the optimal cut off values. 

 

Fig. 2. ROC curve of cardiac enzymes to discriminate between AMI and non-AMI 

patients. AUC values were: CK; 0.60 (p > 0.05), CK-MB; 0.817 (p < 

0.001), LDH; 0.655 (p < 0.01). CK-MB had the highest AUC. 
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Fig. 3. Sensitivity of CK-MB and LDH separately and in combination for early 

detection of AMI. 29 out of 40 patients with AMI were positive for CK-MB 

(72.5%). Of the 11 patients negative for CK-MB, 4 were positive for LDH 

thus increasing the sensitivity of both markers  to 82.5% 

DISCUSSIONS 

MI is one of the most common diseases diagnosed in hospitalized patients in 

industrialized countries. It is a growing cause of death worldwide. Sudden cardiac 

death occurs worldwide at a rate of 3 million per year [11].The present research on 

cardiac markers showed better diagnostic accuracy for CK-MB and LDH when 

compared to total CK. Total CK alone was a poor diagnostic marker of AMI but 

the performance of CK-MB was relatively good when compared to the LDH 

activity as revealed by ROC areas.  

In the present investigation, we found that serum CK-MB, CK and LDH are 

significantly increased in patients with AMI compared to the control group. Based 

on elevated serum levels of these parameters, we used the ROC curve analysis to 

evaluate the diagnostic value for the markers in detecting early AMI. ROC curve 

analysis supported an advantage of serum CK-MB over LDH while CK recorded 

non-significant AUC and so it was not good marker for early AMI in our findings.  

Serum CK-MB can originate from both skeletal and cardiac muscles 

[12,13].  In skeletal muscle, CK-MB can comprise up to 2% of total CK while in 

cardiac muscle, CK-MB makes up 20-46% of total CK; this fact may explains the 

good sensitivity of CK-MB, obtained in our study, in the diagnosis of AMI [14].  

For clinical decision making, the selected cut-off value of a laboratory test 

should provide the best diagnostic performance for either ruling out or ruling in the 

particular disease. The ROC curve is a graphic method which can be used to 

determine this optimal cut-off level. In addition, it is a precise and valid measure of 

diagnostic accuracy [15,16]. 
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The positive likelihood ratio is the ratio of true positive rate and the false 

positive rate while the negative likelihood ratio is the ratio of false negative rate 

and the true negative rate. A positive likelihood ratio of 10 means that a positive 

response of the test [higher than the cut-off value] is 10-fold more frequent among 

patients than among the controls. A negative likelihood ratio equal to 0.10 means 

that a negative response of the test [lower than the cut off value] is 10-fold less 

frequent among patients than among the controls [17]. In the present investigation 

the PLR obtained for simultaneous use of CK-MB and LDH was 5.86 meaning that 

any undiagnosed subject fulfilling the criteria [positive for either marker] will be 

5.86 times subjected to AMI than a person with chest pain without AMI but still 

not diagnosed. The same may also be extended to the NLR where in simultaneous 

determination of both markers, the NLR was 0.2 meaning that a negative response 

of the test is 5-fold [1/0.2] less frequent among patients with AMI than among the 

controls.  

In contrast to Ramasamy et al [18] no difference in metals level was 

detected between patients with or without AMI. Some metals levels was less in 

AMI patients when compared to non AMI patients but did not reach the statistical 

significant as revealed by other authors [19,20]. 

 

Conclusion: The present study concluded that both CK-MB and LDH may be 

useful markers for early detection of AMI and the simultaneous use of both 

markers increased the sensitivity to 82.5%. 
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