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Introduction
Coronary artery disease  (CAD) is mostly considered a 
coronary atherosclerotic disorder that leads to the narrowing 
of coronary artery, resulting in insufficient blood supply to 
the myocardium; myocardial infarction (MI) with ST‑segment 
elevation (STEMI) is found to be its utmost acute advent.[1] 
Most of the time, a thorough thrombotic obstruction extending 
from an atherosclerotic plaque in a coronary vessel is 
implicated in the development of STEMI.[2] Moreover, primary 
percutaneous coronary intervention (PCI) has been introduced 
as a preferable reperfusion approach in patients presenting with 
STEMI but it is of note that it is not available for all clinics and 
hospitals, especially in marginal areas.[3] On the other hand, 
individual risk classification is vital to recognize high‑risk 

patients for in‑hospital major adverse cardiac events (MACE) 
after STEMI.[4] Therefore, early diagnosis of vascular anatomy 
including the number of involved coronary arteries and the 
severity of vascular occlusion along with early understanding 
of cardiac function serve as the most efficient approaches to 
restrict myocardial ischemia as well as infarct size, thereby 
decreasing the likelihood of post‑STEMI problems such as 
MACE and finally heart failure.[1]

Currently, cardiac troponin has become a gold standard and 
dominant indicator for MI, but its limitation is that it does not 
show the injured area.[5,6] Calprotectin is a heterodimer protein 
also known as S100A8/A9, myeloid‑related protein 8/14 or 
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leukocyte L1 antigen complex, which is extensively localized 
in the cytosol of white blood cells, including monocytes 
and neutrophils. It is a useful marker of inflammation in 
inflammatory bowel disease. In recent decades, calprotectin 
has been found to be a promising marker of cardiovascular 
disorders.[7] In coronary arteries, calprotectin levels have been 
reported to elevate in vulnerable atherosclerotic plaques, which 
correlated with remarkable cardiac death and MI in patients 
suffering from acute coronary syndrome (ACS).[8] In addition, 
in patients presenting with comorbidity of diabetes and ACS, 
high levels of serum calprotectin were shown to be correlated 
with a significant risk of MACE.[9,10]

In spite of such findings, the correlation between serum 
calprotectin with severity and number of coronary stenosis, 
heart function, and in‑hospital MACE among STEMI 
patients undergoing primary PCI is not clear. The aim of 
the present study was to survey the association between 
calprotectin with severity and number of injured vascular 
arteries, ejection fraction, and in‑hospital MACE and also 
evaluate the significance of serum calprotectin in predicting 
the development of vascular occlusion in STEMI patients 
undergoing primary PCI.

Material and Methods
Patients and study design
The study cohort of this cross‑sectional analysis comprised 97 
STEMI patients aged 18–80 years who underwent primary PCI 
and had their possible in‑hospital MACE evaluated between 
September 2022 and February 2023. Inclusion criteria were 
patients aged 18 to 80 years with STEMI, patients who have 
indications for angiography and primary PCI and those who 
give permission before blood sampling. Candidates fewer 
than 18 years and above 80 years, absence of ST‑elevation, 
failure to perform angiography, candidates with current 
infection, missing demographic features, or written informed 
consent for sampling were excluded from the research. For 
this study, data of participants with STEMI was verified by a 
cardiologist. The study procedure was approved by the local 
Ethics Committee of Ahvaz Jundishapur University of Medical 
Sciences  (IR.AJUMS.REC.1401.133). Written informed 
consent was provided by all participants.

Serum calprotectin measurement
Five mL of whole blood sample was collected instantly before 
coronary angioplasty for the analysis of calprotectin. The blood 
was left to clot prior to serum separation using centrifugation 
at 2400×g for 10  min at 4°C. Serum was frozen at  ‑80°C 
until further evaluation. An enzyme‑linked immunosorbent 
assay (ELISA) kit was utilized to measure the concentration 
of serum calprotectin.

Echocardiography
Left ventricular ejection fraction (LVEF) measurement was 
done by end‑systolic as well as end‑diastolic diameters 
using transthoracic echocardiograms,[11] which was 

performed and interpreted by a specialist in cardiology. A GE 
vivid E9 ultrasound machine was used for transthoracic 
echocardiography.

Outcome assessment
Demographic and clinical risk factors, including previous history 
of diabetes and incidence of gastrointestinal (GI)[1] bleeding, 
were inquired from all patients. The coronary angiography was 
done using the Artis Zee machine (Ziemens, Germany), and 
the data including severity and number of diseased vessels was 
collected during the angiography procedures. Other considered 
outcomes were in‑hospital MACE, including cerebrovascular 
accident  (CVA), death, stent thrombosis, and arrhythmia 
incidence, which were collected for all patients.

Statistical analysis
All variables of the recent analysis were evaluated for 
normality using Kolmogorov‑Smirnov test. Data with normal 
distribution was shown as mean ±  standard deviation  (SD) 
for continuous parameters and percentages for categorical 
ones. The independent Chi‑squared test was used to compare 
categorical parameters. To specify the correlation among 
variable parameters and serum calprotectin, Pearson’s 
correlation coefficient analysis was performed. P value <0.05 
was considered the statistical significance level. All data 
analyses were conducted using SPSS (version 23).

Results
A total of 97 STEMI patients participated in the present study 
and were distributed in two groups based on the median of 
serum calprotectin identified in this analysis (4.8 ± 2.5 µg/ml). 
A  total of 37 STEMI patients  (mean age of 54.24  ±  9.01 
with 73% male) were included in the group with low 
calprotectin  (i.e.,  group  1, patients who had calprotectin 
level lower than the mean level of calprotectin in this study, 
<4.8 µg/ml) and 60 patients (mean age of 59.16 ± 10.36 with 
61.7% male) in the high calprotectin group  (i.e.,  group  2, 
patients who had calprotectin level higher than the mean level 
of calprotectin in this study, ≥4.8 µg/ml). Coronary risk factors, 
baseline demographic, echocardiographic, and angiographic 
characteristics are presented in Table  1. The results of 
independent t‑test showed indicated a significant difference in 
serum calprotectin levels between young and elderly STEMI 
patients, so that the patients who were older had a higher 
level of calprotectin; however, the level of serum calprotectin 
was not significantly associated with gender  (P  =  0.254). 
With respect to coronary risk parameters, there was a high 
prevalence of diabetes among patients with both lower and 
higher calprotectin levels  (32.4% and 83.3%, respectively), 
which was significantly different; however, the incidence of 
GI bleeding was observed in only 2.7% of patients with low 
calprotectin levels, which did not show a significant difference. 
In terms of echocardiographic findings, LVEF was reported to 
be 41.62 ± 5.28 in lower calprotectin group and 26.16 ± 6.53 
in higher calprotectin group, which was significant between 
the two groups. The results of Pearson’s test also showed an 
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inverse correlation between serum calprotectin levels and 
LVEF. In other words, patients with higher serum calprotectin 
levels had a lower mean of LVEF (P < 0.05).

Regarding coronary artery occlusion, single vessel 
disease  (SVD) showed the highest percentage of artery 
occlusion in patients with lower calprotectin levels; 
nevertheless, in patients with higher calprotectin levels, 
3‑vessel disease (3VD) had the highest percentage, both of 
which were statistically significant. In this study, left anterior 
descending artery (LAD) was the most frequently occluded 
coronary artery in patients (67%), followed by right coronary 
artery (RCA) in 12.4%, the left circumflex artery (LCX) in 
8.2%, the patent ductus arteriosus  (PDA) in 7.2%, and the 
obtuse marginal  (OM) in 5.2%. In other words, the results 
of Chi‑squared test showed that patients with higher serum 
calprotectin levels were more likely to present with higher 
severity of diseased vessels (P < 0.001).

The incidence of in‑hospital MACE is also shown in Table 2. 
For the in‑hospital MACE, neither lower calprotectin group 
nor higher calprotectin patients reported in‑hospital stent 
thrombosis, in‑hospital death, and in‑hospital CVA. Moreover, 
the results of Chi‑squared test showed that there was a 
significant relationship between high levels of calprotectin 
and the incidence of in‑hospital arrhythmia in patients that 
occurred on the first day of hospitalization, so that 80% 
of patients with high calprotectin levels had in‑hospital 
cardiac arrhythmia  (P  <  0.001). Premature ventricular 
contraction (PVC) and atrial fibrillation (AF) were the most 
and the least frequent type of cardiac arrhythmia in patients, 
respectively.

Discussion
In the present study, we have shown that STEMI patients 
with higher serum calprotectin levels had a higher severity 
of diseased vessels. The serum calprotectin level was also 
inversely associated with LVEF level in patients with STEMI. 
Despite the fact that MACE was correlated with the inevitable 
outcome of STEMI, only serum calprotectin and cardiac 
arrhythmia acted as significant predictors of in‑hospital MACE 
among patients with STEMI as shown in the present study.

Calprotectin is known as an inflammation‑correlated peptide 
along with pro‑inflammatory characteristics, which is mostly 
released from activated monocytes and neutrophils under 
diverse circumstances.[12] Calprotectin is typically considered 
to be involved in the pathophysiology of various inflammatory 
conditions like rheumatoid arthritis.[13] Nevertheless, current 
investigations have mentioned that calprotectin may be 
involved in the pathogenesis of cardiovascular disorders.[14‑16]

High levels of calprotectin were reported in patients 
with STEMI who died after a mean follow‑up interval of 
12  months in comparison to patients who survived.[11] A 
study demonstrated that calprotectin is correlated with an 
elevated risk of cardiac death and MI in ACS patients.[17] 

More interestingly, calprotectin was shown to be associated 
with first as well as recurrent cardiac events in middle‑aged 
healthy participants. Moreover, an inverse correlation 
was also found between calprotectin and LVEF in a 
previous study.[15] Similarly, our finding revealed that serum 
calprotectin negatively correlated with LVEF but there was no 
correlation between serum calprotectin levels and in‑hospital 
cardiovascular death. Inconsistent with our findings regarding 
the possible correlation of calprotectin and in‑hospital stent 
thrombosis, a high concentration of calprotectin was shown 
in the culprit ACS lesions that correlated with thrombosis.[18] 
Such difference may be logical due to the limited number of 
our STEMI patients and shorter in‑hospital median follow‑up 
period. Consistent with the present study, Zhang et  al.[10] 
reported that the prevalence rate of MACE was remarkably 
higher in ACS patients who had high calprotectin levels 

Table 2: In‑hospital MACE in STEMI patients undergoing 
PCI according to serum calprotectin levels

Variables Serum calprotectin levels P

Low 
calprotectin 

group <4.8 µg/
ml (n=37)

High 
calprotectin 

group ≥4.8 µg/
ml (n=60)

In‑hospital MACE
Arrhythmia 0 (0%) 48 (80%) 0.001
Stent thrombosis ‑‑‑ ‑‑‑ ‑‑‑
CVA 1 (2.7%) 1 (1.7%) 0.727

CVA: Cerebrovascular accident; MACE: Major adverse cardiovascular 
events

Table 1: General features of STEMI patients undergoing 
PCI according to serum calprotectin levels

Variables Serum calprotectin levels P

Low 
calprotectin 
group <4.8 

µg/ml (n=37)

High 
calprotectin 
group ≥4.8 

µg/ml (n=60)
Baseline demographic 
characteristics

Age (years) 9.01±54.24 10.36±59.16
Male 27 (73%) 37 (61.7%) 0.254

Underlying disorders
Diabetes 12 (32.4%) 50 (83.3%) 0.001
GI bleeding 1 (2.7%) 0 (0%) 0.2

Echocardiographic data
LVEF (%) 41.62±5.28 26.16±6.53 <0.001

Angiographic data
Stent length 27.67±5.26
Stent diameter 3.08±0.26
SVD 22 (59.5%) 7 (11.7%) 0.001
2VD 10 (27%) 11 (18.3%) 0.001
3VD 5 (13.5%) 42 (70%) 0.001

GI: Gastrointestinal; LVEF: Left ventricular ejection fraction; SVD: Single 
vessel disease; 2VD: Two‑vessel disease; 3VD: Three‑vessel disease
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compared to those who had low calprotectin levels. It is of note 
that serum calprotectin did not show any significant correlation 
with in‑hospital CVA in STEMI patients of the present study.

Despite the vital role of calprotectin in cardiovascular diseases, 
its involvement in coronary artery occlusion of STEMI patients 
has not been investigated. Our study showed that 3VD was 
more prevalent in STEMI patients who had higher levels of 
serum calprotectin compared with SVD in STEMI patients 
who had lower levels of it, indicating that serum calprotectin 
may be a promising vital prognostic biomarker of severity of 
diseased vessels in STEMI patients.

Cardiac risk factors such as diabetes mellitus, smoking, 
hyperlipidemia, and other inflammatory markers are believed 
to be risk predictors of coronary heart disease.[19,20] In this 
regard, diabetes and hypercholesterolemia are regarded 
as pivotal risk factor of ACS, which were associated with 
coronary thrombosis.[21,22] In the present investigation, 
diabetes was significantly more prevalent than other risk 
factors in both patients with low and high levels of serum 
calprotectin. It can be hypothesized that in patients suffering 
from cardiovascular risk factors like diabetes with a 
comorbidity of cardiovascular disorders like STEMI, a high 
level of serum calprotectin can be correlated with higher rate 
of arrhythmia as an MACE indicator as well as a higher rate 
of coronary artery occlusion.

Conclusion
Calprotectin shows direct correlation with reduced levels of 
LVEF and the occurrence of cardiac arrhythmia but it does 
not have any relationship with in‑hospital CVA. It may be 
due to the fact that we examined the patients only during 
hospitalization. The present investigation was a pilot study, 
and such effective correlation can contribute to planning for 
further studies in this regard. In the next study, long follow‑up 
period and larger number of patients will be considered.

Limitation
Small sample size is among the limitations of the present study. 
As a result, planning a future research with larger number of 
patients is required. Factors such as nutrition, smoking, sex, 
and lipid profile which are regarded as confounding variables 
should be investigated in future experiments to check their 
changes in calprotectin levels. Evaluating the relationship 
between long follow‑up with the level of calprotectin and 
in‑hospital MACE is also suggested.
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