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Introduction

Coronary heart disease  (CHD) is caused by an inadequate 
myocardial oxygen supply due to narrowing or obstruction of 
the coronary arteries and is the most common cause of death 
worldwide.[1] Clinically, the major acute clinical manifestation 
of CHD is termed acute coronary syndrome  (ACS) which 
includes an acute myocardial infarction  (MI) with the 
electrocardiogram  (ECG) showing ST‑segment elevation 
myocardial infarction (STEMI), an acute MI with no 
ST‑segment elevation myocardial infarction (NSTEMI), and 
a third subtype which is the unstable angina  (UA).[2] The 
management of the three subtypes of ACS is variable, so a 
finding of efficient cardiac biomarkers for the early diagnosis 
would be of great importance. Cardiac‑specific troponins of 
the type  I  high sensitive cardiac troponin-I (hscT‑I) and of 
the type T high sensitive cardiac troponin-T (hscT‑T) have 

been regarded as favorable biomarkers for the diagnosis of 
MI since 2000[3] and are still having a vital role in assessing 
cardiac injury through measuring their total levels[4] or 
their specific isoforms.[5] The pattern of traditional troponin 
elevation was documented by many studies; troponin level 
rises in serum 4–10 h after onset of acute MI, and it peaks at 
12–48 h and remains elevated for 4–10 days. Accordingly, 
and in the context of acute chest pain and to reliably rule out 
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acute MI, patients need to repeat the measurement of troponin 
level 6–12 h after initial assessment.[6] In addition, a newer 
generation of cardiac troponin tests has emerged and is referred 
to as the high‑sensitivity troponins. They can detect cardiac 
injury more efficiently and more immediate than conventional 
cardiac troponins by their ability to detect very low serum 
troponin levels. Such tests were Food and Drug Administration 
approved for hscT‑T in 2017 and for hscT‑I in 2019.[7]

Copeptin (CPP) is a polypeptide molecule that is derived from 
the precursor peptide prepro‑vasopressin (164 amino acids) 
which consists of arginine vasopressin  (AVP), neurophysin 
II, and CPP.[8] It has recently been reported that the level of 
CPP, the C‑terminal part of AVP precursor, was elevated within 
30 min after the onset of chest pain in patients with MI as a 
result of endogenous stress response.[9] The CPP level did not 
require serial sampling in contrast to troponin and so may 
represent an accurate anchor point to diagnose MI in patients 
admitted to emergency department (ED).[9] Hence, CPP level 
may confirm or rule out ACS in patients admitted to ED at an 
earlier time if it were of high sensitivity and specificity, and 
such a property would reduce the mortality rate and decrease 
the economic costs of management of ACS patients.

Materials and Methods

Study patients were recruited from the coronary care unit at 
Al‑Yarmouk Teaching Hospital during the period between 
November 1, 2022, and September 1, 2023. One hundred and 
twenty patients  (72 males and 48  females) aged  ≥30 years 
were consecutively selected from those who were admitted and 
diagnosed as ACS by specialist cardiologists. The diagnosis 
of ACS was based on the presence of two out of three criteria:
•	 Clinical presentation of the patient
•	 ECG changes
•	 A positive troponin test.

Based on the same adopted criteria, ACS patients comprised 
three subgroups, namely STEMI, NSTEMI, and UA. The 
apparently healthy subjects as a controls group were recruited 
from those who had no current illness with consideration of age 
and sex matching with the ACS patients. They had no history 
of CHD or other systemic diseases and have had normal ECG 
recording.

Blood analysis
Blood samples were collected from patients and controls. 
Serum was separated, divided into aliquots, and used for 
measurement of CPP. The assays of CPP depended on the 
use of enzyme‑linked immune sorbent assay kits that were 
supplied by MyBioSource Company, USA. Serum cholesterol, 
glutamate oxaloacetate transaminase (GOT), and fasting blood 
sugar (FBS) were measured by a fully automated Cobas c 111 
analyzer.

Statistical analysis
Data were analyzed using the statistical package of SPSS Inc., 
(Chicago, IL, USA). After assuring that the data were normally 

distributed, data presentation was done by simple measures 
such as mean, standard error or standard deviation of the 
mean, and percentage. The analysis of variance (ANOVA) 
test was used to detect the presence of difference in means 
among more than two groups, while the Least significant 
difference (LSD)  test was used for the difference between 
two means. P < 0.05 was considered statistically significant. 
A receiver operator characteristic (ROC) curve analysis with 
measurement of the area under the curve (AUC) was done 
for CPP level for differentiation of study subjects according 
to the method of Hanley and McNeil.

Ethics approval
This study was approved by the ethical committee of 
Department of Biochemistry, Medical College, Al-
Mustansiriyah University, Baghdad, Iraq, on 3rd of June 2023. 
Verbal consent was obtained from the participants before 
filling the questionnaire. Participants were informed that 
their participation in this study is voluntary, no incentives or 
compensations will be offered in return, and that they have the 
right to withdraw from the study at any stage.

All the participants’ information was kept private by keeping 
it in a secured folder in a password-protected computer owned 
by the study investigators. No information was shared with 
any other individuals or entities.

Results

The clinical characteristics of study subjects are shown in 
Table 1. The patients and the control subjects had a similar 
sex distribution  (60% males and 40% females). The study 
patients who were ≤50 years in age constituted 33.3%, and 
those who were >50 years constituted 66.66%. In regard to 
BMI, 20% of patients were of normal weight, 47.5% were 
overweight, and 32.5% were within the obese category. 

Table 1: Clinical characteristics of study subjects

Characteristic Patients 
(n=120), n (%)

Controls 
(n=80), n (%)

Age (years)
≤50 40 (33.3) 27 (33.75)
>50 80 (66.66) 53 (66.2)

BMI (kg/m2)
Normal weight 24 (20) 16 (20)
Overweight 57 (47.5) 38 (47.5)
Obese 39 (32.5) 26 (32.5)

Sex
Male 72 (60) 48 (60)
Female 48 (40) 32 (40)

ACS subgroups
STEMI 40 (33.3) 80 (100)
NSTEMI 40 (33.3)
UA 40 (33.3)

BMI: Body mass index, STEMI: ST‑elevation myocardial infarction, 
NSTEMI: Non‑ST‑elevation myocardial infarction, UA: Unstable angina, 
ACS: Acute coronary syndrome
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The ACS patients included those with STEMI (40 patients), 
NSTEMI (40 patients), and UA (40 patients).

The result of the comparison of levels of study parameters 
among subgroups of ACS patients  (STEMI, NSTEMI, and 
UA) and controls is shown in Table 2. The comparison revealed 
significant differences among the study groups or subgroups 
in regard to the CPP mean level as well as to the mean levels 
of cholesterol, GOT, and FBS.

Further analysis by LSD test revealed that CPP level mean 
was significantly higher in both STEMI and NSTEMI 
subgroups than in controls  (P  <  0.001) as well as in UA 
subgroup than in controls  (P  <  0.05)  [Table  3]. The mean 
level was also significantly higher in STEMI than in both 
NSTEMI  (P < 0.001) and UA (P < 0.001). Furthermore, a 
significant difference in CPP level was detected between 
NSTEMI and UA subgroups (P = 0.015).

The ROC analysis was done to reveal the discriminative 
ability of CPP between paired ACS subgroups and between 
them and the controls group. Table 4 shows AUC and the best 
discriminative cutoff value of CPP that best predicted STEMI 
versus NSTEMI subgroups of ACS patients. The CPP showed 
that the AUC was 0.847 with a cutoff value of 236.23 pg/ml, 
and 92.3% was the sensitivity of the test, while the specificity 
was 82.2%, and the diagnostic accuracy was 87.2%.

Table 5 shows the results of AUC and the best discriminative 
cutoff value of CPP that best predicted STEMI versus UA 
subgroups of ACS patients. The CPP level showed that the 
AUC was 0.951 with a cutoff value of 203.04 pg/ml, and 95% 
was the sensitivity of the test, while the specificity was 88.2%, 
and the diagnostic accuracy was 92.1%.

Table 6 shows the results of AUC and the best discriminative 
cutoff value of CPP (pg/ml) that best predicted NSTEMI versus 

Table 2: Demographic, clinical characteristics, baseline laboratory tests, and study biomarkers in subgroups of acute 
coronary syndrome patients and controls

Characteristic STEMI (n=40), 
mean±SE

NSTEMI (n=40), 
mean±SE

UA (n=40), 
mean±SE

Controls (n=80), 
mean±SE

P

Age (years)
Range (years) 45–75 45–78 47–80 34–77 0.065
Mean 59±2 60±3 61±3 57±2 NS
BMI (kg/m2) 28.53±0.57 28.17±0.53 27.53±0.57 23.37±0.46 0.032 significant
FBS (mg/dL) 194.27±8.78 173.79±11.32 152.77±6.81 92.67±2.37 >0.001 significant
Cholesterol (mg/dL) 211.42±5.2 173.87±5.93 153.18±4.58 141.64±2.73 >0.001 significant
GOT (IU/L) 146.1±14.86 58.69±3.17 15.74±1.2 14.42±0.56 >0.001 significant
Copeptin (pg/mL) 341.41±13.65 214.18±8.02 185.82±5.69 162.65±3.19 >0.001 significant
ANOVA test was performed. STEMI: ST‑segment elevation myocardial infarction, NSTEMI: Non‑STEMI, UA: Unstable angina, BMI: Body mass index, 
FBS: Fast blood sugar, GOT: Glutamate oxaloacetate transaminase, NS: Not significant, SE: Standard error

Table 3: Comparison of copeptin levels between paired study groups

LSD

(I) 
groups

(J) 
groups

Mean 
difference (I−J)

SE P 95% CI

Lower bound Upper bound
STEMI NSTEMI 127.23800* 11.57613 0.000 104.3956 150.0804

UA 155.58975* 11.57613 0.000 132.7474 178.4321
Controls 178.75894* 10.43458 0.000 158.1691 199.3488

NSTEMI UA 28.35175* 11.57613 0.015 5.5094 51.1941
Controls 51.52093* 10.43458 0.000 30.9311 72.1108

UA Controls 23.16919* 10.43458 0.028 2.5794 43.7590
*Significant difference between groups (P≤0.05). LSD test was performed. STEMI: ST‑segment elevation myocardial infarction, NSTEMI: Non‑STEMI, 
UA: Unstable angina, SE: Standard error, CI: Confidence interval, LSD: Least significant difference test
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Figure 1: Receiver‑operating characteristic curve of copeptin levels in 
STEMI subgroup of acute coronary syndrome patients versus controls
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Table 8: The discriminative cutoff value of copeptin 
level that best predicted non‑ST‑segment elevation of 
myocardial infarction versus controls subgroups of acute 
coronary syndrome patients

Study 
biomarker

AUC Cutoff 
value

Sensitivity Specificity Diagnostic 
accuracy (%)

CPP (pg/mL) 0.825 166.92 85.5 77.5 73.7
CPP: Copeptin, AUC: Area under the curve

Table 4: The discriminative cutoff value of copeptin level 
that best predicted ST‑segment elevation of myocardial 
infarction versus non‑ST‑segment elevation of myocardial 
infarction subgroups of acute coronary syndrome patients

Parameter AUC Cutoff 
value

Sensitivity Specificity Diagnostic 
accuracy (%)

CPP (pg/mL) 0.847 236.23 92.3 82.2 87.2
CPP: Copeptin, AUC: Area under the curve

Table 6: The discriminative cutoff value of copeptin 
level that best predicted non‑ST‑segment elevation of 
myocardial infarction versus unstable angina subgroups 
of acute coronary syndrome patients

Parameter AUC Cutoff 
value

Sensitivity Specificity Diagnostic 
accuracy (%)

CPP (pg/mL) 0.845 179.99 85 88.2 87.9
CPP: Copeptin, AUC: Area under the curve

Table 9: The discriminative cutoff values of some study 
parameters that best predicted unstable angina versus 
controls subgroups of acute coronary syndrome patients

Study 
biomarker

AUC Cutoff 
value

Sensitivity Specificity Diagnostic 
accuracy (%)

CPP (pg/mL) 0.833 157.69 80.0 85.0 83.1
CPP: Copeptin, AUC: Area under the curve

Table 7: The discriminative cutoff value of copeptin level 
that best predicted ST‑segment elevation of myocardial 
infarction versus controls subgroups of acute coronary 
syndrome patients

Study 
biomarker

AUC Cutoff 
value

Sensitivity Specificity Diagnostic 
accuracy (%)

CPP (pg/mL) 0.894 196.24 87.9 84.03 87.5
CPP: Copeptin, AUC: Area under the curve

Table 5: The discriminative cutoff value of copeptin level 
that best predicted ST‑segment elevation of myocardial 
infarction versus unstable angina subgroups of acute 
coronary syndrome patients

Parameter AUC Cutoff 
value

Sensitivity Specificity Diagnostic 
accuracy (%)

CPP (pg/mL) 0.951 203.04 95.0 88.2 92.1
CPP: Copeptin, AUC: Area under the curve

UA subgroups of ACS patients. The CPP showed that the AUC 
was 0.845 with a cutoff value of 179.99 pg/ml, and 85% was 
the sensitivity of the test, while the specificity was 88.2%, and 
the diagnostic accuracy was 87.9%.

Table 7 and Figure 1 show the results of AUC and the best 
discriminative cutoff value of CPP (pg/ml) that best predicted 
STEMI versus controls subgroups of ACS patients. The 
CPP showed that the AUC was 0.894 with a cutoff value 
of 196.24 pg/ml, and 87.9% was the sensitivity of the test, 
while the specificity was 84.03%, and the diagnostic accuracy 
was 87.5%.

Table 8 and Figure 2 show the results of AUC and the best 
discriminative cutoff values of CPP (pg/ml) that best predicted 
NSTEMI versus controls subgroups of ACS patients. The CPP 
showed that the AUC was 0.825 with a cutoff value of 166.92 pg/
ml, and 85.5% was the sensitivity of the test, while the specificity 
was 77.5%, and the diagnostic accuracy was 73.7%.

Table  9 and Figure  3 show the results of AUC and the 
best discriminative cutoff values of CPP  (pg/ml) that best 
predicted UA subgroup of ACS patients versus controls. The 
CPP showed that the AUC was 0.833 with a cutoff value of 
157.69 pg/ml, and 80% was the sensitivity of the test, while the 
specificity was 85%, and the diagnostic accuracy was 83.1%.

Discussion

Early identification of ACS patients among those presenting 
with acute chest pain to the ED in the real‑life daily clinical 
practice is important. Patients with ACS can benefit from rapid 
and aggressive medical and interventional treatment. The CPP 
level, if were to be an efficient diagnostic tool in such patients, 
could rule out individuals with noncardiac chest pain and so 
increase the efficiency of work in ED.

In the present study, there was a significant difference in CPP 
level in subgroups of patients with ACS when compared with 
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Figure  2: Receiver‑operating characteristic curve of copeptin levels 
in the NSTEMI subgroup of acute coronary syndrome patients versus 
controls
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controls in the first few hours after the onset of chest pain. On 
further comparison of paired ACS subgroups and controls, 
then, the STEMI subgroup showed the highest level compared 
with other subgroups (NSTEMI and UA). This agrees with 
other studies that found that CPP level was elevated even 
within 30 min after the onset of acute chest pain in patients 
with MI. Moreover, it did not require serial sampling like 
troponin and may represent an accurate anchor point to 
diagnose ACS patients, particularly those with MI, early at the 
time of their admission to ED.[9] This role of CPP level was 
explained as an acute endogenous stress response to ischemia 
and seemed real and effective[10] because myocardial ischemia 
acts as an endogenous stressor leading to rapid activation of 
neurohormonal system and increased CPP release.[11] Such a 
role for CPP is further reinforced by the study finding that it 
has a good AUC and high sensitivity and specificity in early 
diagnosis of ACS patients and their differentiation from 
controls as well as in differentiation of patients among subtypes 
of ACS (STEMI, NSTEMI, and UA). However, it was also 
found that a combination of CPP level and hscTn‑I level are 
even more sensitive to rule out ACS patients compared with 
either of these markers tested independently.[11]

It may be concluded that serum CPP level may enable to 
confirm or to rule out ACS with high sensitivity and specificity 
and may serve to reduce mortality among ACS patients and to 

decrease the economic costs of management of ACS patients 
in ED.[12]

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Frąk W, Wojtasińska A, Lisińska W, Młynarska E, Franczyk B, Rysz J. 

Pathophysiology of Cardiovascular Diseases: New Insights into 
Molecular Mechanisms of Atherosclerosis, Arterial Hypertension, and 
Coronary Artery Disease. Biomedicines 2022;10:1938.

2.	 Shahjehan RD, Bhutta BS. Coronary Artery Disease; 2023. Available 
from: https://www.ncbi.nlm.nih.gov/books/NBK564304. [Last accessed 
on 2024 Jul 02].

3.	 Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, 
et  al. Executive group on behalf of the joint European Society of 
Cardiology (ESC)/American College of Cardiology (ACC)/American 
Heart Association  (AHA)/World Heart Federation  (WHF) task 
force for the universal definition of myocardial infarction. Fourth 
universal definition of myocardial infarction  (2018). Circulation 
2018;138:e618-51.

4.	 Chaulin  AM. The metabolic pathway of cardiac troponins release: 
Mechanisms and diagnostic role. Cardiol Res 2022;13:190-205.

5.	 Hussein  AA, Al-Bayati  AA, Issa  AH. Evaluation of the diagnostic 
value and differentiation efficacy of high sensitivity cardiac troponin 
T2  (hscTnT2) for STEMI and NSTEMI Iraqi patients with acute 
coronary syndrome. Biomedicine 2023;43:850-4.

6.	 Garg P, Morris P, Fazlanie AL, Vijayan S, Dancso B, Dastidar AG, et al. 
Cardiac biomarkers of acute coronary syndrome: From history to high-
sensitivity cardiac troponin. Intern Emerg Med 2017;12:147-55.

7.	 Collinson  P. Update on global conversion to high sensitivity cardiac 
troponin assays. J Lab Precis Med 2023;8:15.

8.	 Mu  D, Ma  C, Cheng  J, Zou  Y, Qiu  L, Cheng  X. Copeptin in fluid 
disorders and stress. Clin Chim Acta 2022;529:46-60.

9.	 Szarpak  L, Lapinski  M, Gasecka  A, Pruc  M, Drela  WL, Koda  M, 
et  al. Performance of copeptin for early diagnosis of acute coronary 
syndromes: A systematic review and meta-analysis of 14,139 patients. 
J Cardiovasc Dev Dis 2021;9:6.

10.	 Roczek-Janowska  M, Kacprzak  M, Dzieciol  M, Zielinska  M, 
Chizynski  K. Prognostic value of copeptin in patients with acute 
myocardial infarction treated with percutaneous coronary intervention: 
A prospective cohort study. J Thorac Dis 2021;13:4094-103.

11.	 Ahmed  TA, Johny  JS, Abdel-Malek  MY, Fouad  DA. The additive 
value of copeptin for early diagnosis and prognosis of acute coronary 
syndromes. Am J Emerg Med 2021;50:413-21.

12.	 Waldsperger  H, Biener  M, Stoyanov  KM, Vafaie  M, Katus  HA, 
Giannitsis  E, et  al. Prognostic value of elevated copeptin and high-
sensitivity cardiac troponin T in patients with and without acute 
coronary syndrome: The ConTrACS study. J Clin Med 2020;9:3627.

Iraqi Journal of Community Medicine  ¦  Volume 38  ¦  Issue 1  ¦  January-June 202556

Figure 3: Receiver‑operating characteristic curve of copeptin levels in 
unstable angina subgroup of acute coronary syndrome patients versus 
controls. UA: Unstable angina
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