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(LVEDV) minus the left ventricular end systolic volume
(LVESV) divided by the LVEDV from apical four- and
two-chamber views. Furthermore, mitral regurgitation
severity was determined according to the guidelines of
American society of echocardiography and was graded
as mild, moderate and severe.10

Coronary Angiography
All patients underwent coronary angiography by

a cardiac angiography system (Siemens AG, Medical
Solutions, Erlangen, Germany) within 48-72 hours after
admission. One experienced cardiologist blinded to the
Patients' information, reviewed and reported all
angiograms. Significant CAD was defined as 70% or
greater coronary luminal stenosis of one or more of
major epicardial arteries or 50% or greater luminal
stenosis of left main coronary artery.11 Significant CAD
was determined quantitatively and was considered when
one of the following conditions were presented: ≥50
stenosis of left main, significant (>70% diameter)
stenosis in three major coronary arteries (with or without
involvement of the proximal left anterior descending
artery) or in the proximal left anterior descending artery
plus one other major coronary artery or significant CAD
in at least one major epicardial artery and having high-
risk criteria on stress testing, abnormal intracoronary
hemodynamic evaluation, or >20% perfusion defect by
myocardial perfusion stress imaging or target vessels
supplying a large area of viable myocardium.12 The
operators were blinded to the serial troponin-I results at
the time of coronary angiography.

Statistical Analysis

Quantitative variables were expressed as median
values and categorical variables were reported as
frequency and percentage. The normality was
determined for troponin-I and CK-MB using the
Shapiro-Wilk test that showed these variables were not
normally distributed. Therefore, the Mann-Whitney U
test was used, and the data were reported as median
values (25th and 75th percentiles). Also, Spearman's
correlation was used to assess correlations between
cardiac biomarkers and LVEF. A logistic regression

model was used to determine confounding variables.
A P Value <0.05 was considered statistically significant.
All statistical analysis were done by SPSS/PASW
(Predictive Analytics SoftWare) Statistics 18 (SPSS Inc.,
Chicago, IL, USA). Sample size was based on previous
studies and following statistical formula:13

Result

We included 113 patients who had been admitted
to the hospital with NSTEMI between 2017 and 2018.
The mean age was 60.81±9.85 years and mean body
mass index was 26.65±3.41 kg/m2. Sixty patients
(52.2%) were male, 11 patients (9.6%) had prior
coronary artery bypass graft and 2 (1.7%) had prior
percutaneous coronary intervention. Among these
patients, the most frequent CAD risk factor was HTN
(56.5%) that was followed by DM (40.9%), HLP
(39.1%) and smoking (24.3%). Cardiac troponin-I level
at the time of admission was 2.80 [2.02-3.90] ng/ml,
within 6-9 hours was 2.43 [1.99-3.73] ng/ml and 12-24
hours was 2.45 [2.05-3.60] ng/ml. Average CK-MB at
the time of admission was 26 [23.33-28.62] ng/ml, within
6-9 hour was 26.28 [23.23-29.20] ng/ml and 12-24 hours
was 22.75 [20.18-28.43] ng/ml. Correlation between
s e r ia l  l e v e l s  o f  c a r d iac  b i o m a r k e r s  an d
echocardiographic and angiographic variables of the
study population are shown in Tables 1 & 2. Patients
younger than 65 years of age had higher levels of
troponin-I within 6-9 and 12-24 hours after admission
compared with patients 65 years of age and older
(P value 0.07 and 0.027, respectively). Also, there was
significant correlation between troponin-I levels at the
admission time and within 6-9 hours after admission with
significant obstructive coronary artery disease
(P value 0.03 and 0.012, respectively). On the other hand,
we found that patients with LVEF <35% had higher CK-
MB levels within 6-9 hours after admission compared
with those with LVEF ≥35% (P value 0.042). Also,
hypertensive patients had higher levels of CK-MB
within 12-24 hours after admission (P value 0.023). Also,
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Table 1.  Correlation between serial levels of troponin-I with demographic, echocardiographic and angiographic
variables of the study population

Troponin-I P value Troponin-I P value Troponin-I P value
(The first time) (The second time) (The third time)

ng/ml ng/ml ng/ml

Age (years) Less than 65: 3.24 [2.22-4.50] 0.1 3.15 [2.17-4.34] 0.07 2.90 [2.23-4.10] 0.027
No. (percent) 78 (69%)

More than 65: 1.89 [0.84-3.22] 1.90 [1.38-3.15] 1.98 [1.44-3.30]
35 (31%)

Sex Male 60 (53.1) 2.23 [1.20-3.70] 0.655 2.17 [1.55-3.90] 0.477 2.19 [1.53-3.67] 0.689
No. (percent) Female 53 (46.9) 3.25 [1.95-4.75] 2.80 [2.10-4.03] 2.55 [2.02-4.17]

DM No:
No. (percent) 66 (58.4%) 3.97 [2.10-5.16] 0.140 3.55 [2.17-5.00] 0.106 3.17 [2.22-4.33] 0.131

Yes: 47 (41.6%) 2.22 [0.89-3.27] 2.12 [1.36-3.27] 2.18 [1.16-3.44]

HLP No: 68 (60.2%) 3.90 [1.40-6.30] 0.212 3.40 [2.22-5.65] 0.223 2.55 [1.94-4.94] 0.265
No. (percent) Yes: 45 (39.8%) 2.27 [1.59-3.32] 2.14 [1.58-3.33] 2.43 [1.90-3.49]

HTN No: 48 (42.5%) 2.93 [1.87-4.10] 0.644 2.37 [1.90-3.98] 0.621 2.54 [2.03-4.20] 0.305
No. (percent) Yes: 65 (57.5%) 2.40 [1.37-4.37] 2.55 [1.60-4.00] 2.33 [1.50-3.58]

Smoking No: 85 (73.9) 2.43 [1.47-3.70] 0.159 2.32 [1.73-3.40] 0.134 2.38 [1.86-3.58] 0.142
No. (percent) Yes: 28 (24.3) 3.40 [2.11-6.33] 3.40 [1.80-5.99] 3.03 [2.14-5.22]

LVEF Less than 35%: 3.10 [2.16-7.90] 0.204 3.15 [2.27-6.05] 0.139 2.40 [2.05-5.50] 0.317
No. (percent) 57 (50.5%)

More than 35%: 2.50 [1.38-3.80] 2.26 [1.65-3.67] 2.49 [1.90-3.80]
56 (49.5%)

MR No or mild: 2.76 [2.02-3.96] 0.980 2.37 [1.88-3.78] 0.556 2.50 [2.08-3.90] 0.970
No. (percent) 77 (68.1%)

More than mild: 2.70 [1.05-5.76] 2.85 [1.64-5.90] 2.35 [1.54-5.20]
36 (31.9%)

Significant CAD   No: 60 (53.1%) 1.78 [0.65-2.97] 0.03 1.90 [1.50-2.52] 0.012 2.19 [1.61-3.20] 0.110
No. (percent)  Yes: 53 (46.9%) 3.50 [2.60-5.70] 3.50 [2.40-5.90] 3.58 [2.10-4.44]
CAD: Coronary artery disease; LVEF: Left ventricular systolic function; MR: Mitral regurgitation; DM: Diabetes mellitus; HTN:
Hypertension; HLP: Hyperlipidemia; troponin-I (The first time): Level of troponin-I at the time of admission, troponin-I (The
second time): Level of troponin-I within 6-9 hours after admission; troponin-I (The third time): Level of troponin-I within 12-24
hours after admission; Continuous variables (troponin and CK-MB) are expressed as median values (25th and 75th percentiles)
and dichotomous variables (rows) are expressed by number (percent)
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Table 2.  Correlation between serial levels of CK-MB with demographic, echocardiographic and angiographic
variables of the study population

CK-MB P value CK-MB P value CK-MB P value
(The first time) (The second time) (The third time)

ng/ml ng/ml ng/ml

Age (years) Less than 65: 26.20 0.965 25.86 0.462 21.43 0.213
No. (percent) 78 (69%) [23.86-29.20] [22.14-29] [19.75-28.11]

More than 65: 24.50 [18.75-33.40] 29.00 [17.00-33.00] 28.67 [14.00-35.00]
35 (31%)

Sex Male 27.17 0.908 26.40 0.865 22.00 0.977
No. (percent) 60 (53.1) [22.67-29.71] [23.00-30.33] [19.50-29.43]

Female 24.50 [22.50-29.66] 26.00 [20.40-30.25] 24.00 [18.57-29.40]
53 (46.9)

DM No: 26.80 0.385 29.28 0.134 28.71 0.076
No. (percent) 66 (58.4%) [22.80-30.25] [24.00-31.33] [21.50-31.00]

Yes: 47 (41.6%) 25.67 [21.40-29.00] 24.71 [19.50-28.11] 20.78 [17.40-26.19]

HLP No: 68 (60.2%) 27.00 [20.67-32.33] 0.538 28.25 [20.33-31.99] 0.519 21.75 [18.00-28.66] 0.907
No. (percent) Yes: 45 (39.8%) 25.67 [22.91-28.50] 25.50 [21.00-29.28] 23.50 [19.75-29.73]

HTN No: 48 (42.5%) 26.00 [23.00-30.33] 0.306 28.57 [23.6031.60] 0.077 28.67 [20.83-32.39] 0.023
No. (percent) Yes: 65 (57.5%) 29.00 [21.33-29.20] 24.50 [20.13-28.43] 20.57 [17.17-25.00]

Smoking No: 85 (73.9) 25.14 [22.60-28.60] 0.292 25.25 [21.30-29.18] 0.126 23.00 [19.83-29.00] 0.417
No. (percent) Yes: 28 (24.3) 28.25 [23.01-31] 28.67 [22.60-34] 23.00 [18.00-30.19]

LVEF Less than 35%: 30.33 [20.00-45.19] 0.198 32.00 [22.80-48.00] 0.042 29.00 [19.40-44.31] 0.098
No. (percent) 57 (50.5%)

More than 35%: 25.75 [23.00-28.33] 25.28 [21.00-28.40] 21.83 [19.43-28.12]
56 (49.5%)

MR No or mild: 26.25 [22.63-29.75] 0.836 27.50 [23.00-30.14] 0.546 26.50 [20.50-30.67] 0.290
No. (percent) 77 (68.1%)

More than mild: 25.75 [21.40-29.20] 25.33 [20.33-29.67] 20.50 [17.33-27.57]
36 (31.9%)

Significant CAD No: 25.71 [22.00-29.00] 0.486 26.50 [22.29-29.62] 0.695 24.00 [19.01-28.75] 0.713
No. (percent) 60 (53.1%)

Yes: 53 (46.9%) 26.67 [22.83-31.00] 26.00 [20.63-31.20] 21.33 [19.14-31.00]
CAD: Coronary artery disease; LVEF: Left ventricular systolic function; MR: Mitral regurgitation; DM: Diabetes mellitus; HTN:
Hypertension; HLP: Hyperlipidemia; CK-MB (The first time): Level of CK-MB at the time of admission, CK-MB (The second
time): Level of CK-MB within 6-9 hours after admission; CK-MB (The third time): Level of CK-MB within 12-24 hours after
admission; Continuous variables (troponin and CK-MB) are expressed as median values (25th and 75th percentiles) and dichotomous
variables (rows) are expressed by numbers (percent)
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Table 3.  Correlation between cardiac biomarkers and left ventricular systolic function (LVEF)

LVEF CK-MB CK-MB CK-MB Troponin-I Troponin-I Troponin-I
 (The first (The second (The third (The first (The second (The third

time) time) time) time)  time)  time)
ng/ml ng/ml ng/ml

Spearman's LVEF Correlation 1.000 -0.167 -0.248** -0.215* -0.050 -0.052 -0.048
rho Coefficient

Sig. (2-tailed) − 0.077 0.008 0.022 0.604 0.584 0.613
N 113 113 113 113 112 113 113

CK-MB Correlation -0.167 1.000 0.908** 0.841** 0.439** 0.425** 0.405**
(The first time) Coefficient

Sig. (2-tailed) 0.077 − 0.000 0.000 0.000 0.000 0.000
N 113 113 113 113 112 113 113

CK-MB Correlation -0.248** 0.908** 1.000 0.912** 0.392** 0.395** 0.442**
(The second time) Coefficient

Sig. (2-tailed) 0.008 0.000 − 0.000 0.000 0.000 0.000
N 113 113 113 113 112 113 113

CK-MB Correlation -0.215* 0.841** 0.912** 1.000 0.308** 0.325** 0.403**
(The third time) Coefficient

Sig. (2-tailed) 0.022 0.000 0.000 − 0.001 0.000 0.000
N 113 113 113 113 112 113 113

Troponin-I Correlation -0.050 0.439** 0.392** 0.308** 1.000 0.947** 0.891**
(The first time) Coefficient

ng/ml Sig. (2-tailed) 0.604 0.000 0.000 0.001 − 0.000 0.000
N 112 112 112 112 112 112 112

Troponin-I Correlation -0.052 0.425** 0.395** 0.325** 0.947** 1.000 0.913**
(The second time) Coefficient

ng/ml Sig. (2-tailed) 0.584 0.000 0.000 0.000 0.000 − 0.000
N 113 113 113 113 112 113 113

Troponin-I Correlation -0.048 0.405** 0.442** 0.403** 0.891** 0.913** 1.000
(The third time) Coefficient

ng/ml Sig. (2-tailed) 0.613 0.000 0.000 0.000 0.000 0.000 −
N 113 113 113 113 112 113 113

*Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed)
LVEF: left ventricular systolic function; troponin-I (The first time): Level of troponin-I at the time of admission, troponin-I (The
second time): Level of troponin-I within 6-9 hours after admission; troponin-I (The third time): Level of troponin-I within 12-24
hours after admission; CK-MB (The first time): Level of CK-MB at the time of admission, CK-MB (The second time): Level of
CK-MB within 6-9 hours after admission; CK-MB (The third time): Level of CK-MB within 12-24 hours after admission
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Table 4.  Predictors of having significant CAD

Variables in the equation

B S.E. Wald df Sig. Exp(B) 95% C.I. for EXP(B)
Lower Upper

Step 1a Sex 0.293 0.409 0.511 1 0.475 1.340 0.601 2.989
HTN 0.323 0.403 0.645 1 0.422 1.382 0.628 3.043
DLP 0.109 0.409 0.071 1 0.790 1.115 0.500 2.484
DM 0.228 0.414 0.302 1 0.583 1.256 0.557 2.828

ct1nd -0.093 0.146 0.0406 1 0.524 0.911 0.685 1.213
ct2nd 0.105 0.049 4.585 1 0.032 1.111 1.009 1.223
LVEF -0.114 0.534 0.046 1 0.830 0.892 0.313 2.539

Constant -1.764 1.640 1.158 1 0.282 0.171
DM: Diabetes mellitus; HTN: Hypertension; HLP: Hyperlipidemia; ct1nd: Level of troponin-I at the admission time; ct2nd: Level
of troponin-I within 6-9 hours after admission; LVEF: Left ventricular ejection fraction

Figure 1.  Correlation between levels of cardiac troponin-I within 6-9 hours after admission
and involving at least one major epicardial artery (P value 0.036).
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Spearman's correlation showed levels of CK-MB within
6-9 and 12-24 hours after admission were inversely
correlated with LVEF (P value 0.008 and 0.022,
respectively; Table 3). We conducted a logistic
regression analysis to determine whether cardiac
Troponin-I is an independent predictor of significant
coronary artery disease. Troponin-I level within 6-9
hours after admission was significantly associated with
significant coronary artery disease among different
variables (Table 4).

Discussion

Our study showed that patients with higher level
of cardiac troponin-I at the time of admission and within
6-9 hours were more likely to have significant
involvement of at least one major epicardial coronary
artery. Also, CK-MB levels within 6-9 and 12-24 hours
after admission were inversely correlated with LVEF
after AMI. On the other hand, Patients younger than 65
years of age had higher levels of troponin-I within 6-9
and 12-24 hours and hypertensive patients had higher
levels of CK-MB within 12-24 hours. The increased
values for cardiac troponin-I and CK-MB are defined as
the values that exceed the 99th percentile of reference
values. Cardiac troponins are the preferred cardiac
biomarkers for myocardial damage. This is due to their
high sensitivity and specificity that can detect even micro
infarcts. On the other hand, CK-MB appears in the blood
more rapidly and has a greater clinical specificity for
irreversible injuries. Blood samples are recommended
to be obtained at the time of admission, 6-9 hours and
12-24 hours after admission.5 Dynamic changes in
cardiac enzyme concentration can distinguish between
structural heart disease and myocardial ischemia. An
abnormal but stable elevation of cardiac troponin in
serial sampling is more commonly due to structural heart
disease. However, significant dynamic pattern over 2 to
6 hours is strongly suggestive of AMI.3 Elevated cardiac
troponin can be detectable within 2 to 4 hours. The
sensitivity reaches its highest level at 6 hours or more
after onset of infarction.14 It may not be detectable for
up to 3 hours after onset of injury.15 In addition to its

diagnostic value, elevated cardiac troponin is associated
with adverse angiographic characteristics and risk of
death.16,17 This is consistent with our study that cardiac
troponin-I level at 6 to 9 hours was independently
associated with significant involvement of at least one
major epicardial coronary artery. Increase of CK-MB
occurs within 3 to 4 hours. However, it has a rapid
decline that returns to normal range after 48 to 72 hours.15

Elevated CK-MB level correlates with a lower than
normal LVEF, higher incidence of ventricular
tachyarrhythmia and a poor prognosis.18 The LVEF is
one of the most important predictors of mortality in
patients with established CAD, and LVEF <35% is
associated with significantly increased risk for
arrhythmic mortality.19,20 In our study, elevated CK-MB
levels at 6 to 9 hours was significantly associated with
reduced LVEF. Chronic HTN is the most common risk
factor and a major predictor of short and long term
adverse outcome among patients with NSTEMI.21 In our
study, hypertensive patients had higher levels of CK-
MB at 12 to 24 hours, suggesting that irreversible
myocardial necrosis can contribute to adverse outcome
of these patients. Furthermore, troponin-I within 6-9 and
12-24 hours was significantly higher in our younger
patients that can be due to statistical chance or a lower
development of collateral circulation.22

Conclusion

Dynamic changes of cardiac biomarkers within
24 hours is helpful for stratifying of patients with acute
coronary syndrome in spite of not being a surrogate for
clinical assessment e.g. TIMI risk score or GRACE
score.

Limitation

A limitation of our study is small sample size.
Also, we did not follow the patients to assess the adverse
outcome and novel markers of myocardial ischemia such
as cystatin C and soluble CD-40 ligand and another
imaging modalities such as cardiac magnetic resonance
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imaging were not included in our study. Furthermore,
the absence of prospective follow up for clinical events
(e.g. major adverse cardiac events) would limit the
prognostic value of serial troponin.
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